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EDITORIAL

Emerging role of obeticholic acid in the management of
nonalcoholic fatty liver disease
Evangelia Makri, Evangelos Cholongitas, Konstantinos Tziomalos

Abstract

Evangelia Makri, Konstantinos Tziomalos, First Propedeutic
Department of Internal Medicine, Medical School, Aristotle
University of Thessaloniki, AHEPA Hospital, 54636 Thessaloniki,
Greece

Nonalcoholic fatty liver disease (NAFLD) is the com
monest chronic liver disease and its prevalence is
increasing driven by the pandemic of obesity and type 2
diabetes mellitus. NAFLD can progress to cirrhosis and is
associated with increased risk for cardiovascular disease
and hepatocellular cancer. Diet and exercise are limited
by suboptimal long-term adherence in patients with
NAFLD. On the other hand, current pharmacological
treatment of NAFLD has limited efficacy and unfavorable
safety profile. In this context, obeticholic acid (OCA),
a selective agonist of the farnesoid X receptors, might
represent a useful option in these patients. Preclinical
studies suggest that OCA improves hepatic steatosis,
inflammation and fibrosis. A proof-of-concept study
and the randomized, placebo-controlled Farnesoid
X Receptor Ligand Obeticholic Acid in non-alcoholic
steatohepatitis Treatment (FLINT) trial also showed
improvements in liver histology in patients with NAFLD
who received OCA. Weight loss and reduction in blood
pressure were also observed. However, the effects of
OCA on insulin resistance are conflicting and the lipid
profile is adversely affected by this agent. In addition,
pruritus is frequently observed during treatment with
OCA and might lead to treatment discontinuation.
However, given the limitations of existing treatments
for NAFLD, OCA might represent a useful therapeutic
option in selected patients with NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
the commonest chronic liver disease in Western coun
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tries, can progress to cirrhosis and is associated with
increased all-cause and cardiovascular disease mortality
risk. Current pharmacological treatment of NAFLD has
limited efficacy and therefore, there is a pressing need
to develop more effective and safe agents for this
common and life-threatening disease. Obeticholic acid
(OCA), a selective agonist of the farnesoid X receptors,
might be a useful agent in the management of NAFLD.
In the Farnesoid X Receptor Ligand Obeticholic Acid
in non-alcoholic steatohepatitis (NASH) Treatment
(FLINT) trial in patients with NASH, OCA administration
was associated with improvements in liver histology,
while weight loss and reduction in blood pressure were
also observed. Although its adverse effects on the lipid
profile and insulin sensitivity are worrisome, given the
increased cardiovascular risk of this population, OCA
might be considered in selected patients with NAFLD/
NASH, particularly in those with adequately controlled
glucose and lipid levels.
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H
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Figure 1 Molecular structures of obeticholic acid and ursodeoxycholic
acid.

aim at the underpinning pathophysiologic mechanisms
of the disease but are hampered by suboptimal
[1,10]
efficacy and safety
. Therefore, there is a pressing
need to develop more effective and safe agents for this
common and life-threatening disease.

Makri E, Cholongitas E, Tziomalos K. Emerging role of
obeticholic acid in the management of nonalcoholic fatty
liver disease. World J Gastroenterol 2016; 22(41): 9039-9043
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OBETICHOLIC ACID IN NAFLD
Farnesoid X receptors (FXRs) represent an attractive
target for the management of NAFLD. FXRs are
nuclear receptors that are abundantly expressed and
play several roles including regulation of bilirubin,
carbohydrate and lipid metabolism and modulation
[11-14]
of liver growth
. Activation of FXRs ameliorates
hyperlipidemia, glucose intolerance and insulin resis
tance, protects against cholestasis-induced liver injury
[11-14]
and induces hepatocyte regeneration
. Bile acids
are the natural ligands of the FXRs. Obeticholic acid
(OCA, 6α-ethyl-chenodeoxycholic acid) is a semisynthetic bile acid analogue of chenodeoxycholic
acid (CDCA) with a 100-fold higher affinity for FXR,
compared to CDCA, and represents the first selective
[15-17]
FXR agonist to be used in human studies
.
Similarly to ursodeoxycholic acid (UDCA), OCA has
anti-apoptotic action and increases bile flow and the
concentrations of bile acid transport proteins, such as
multidrug resistance-associated protein 2. However,
[13,15-17]
UDCA is a very weak FXR agonist
(Figure 1).
Accumulating data suggest that OCA might be a
[18,19]
useful agent in the management of NAFLD
. In
a rabbit model of NAFLD, OCA induced weight loss
[20]
and improved glucose tolerance . In a rat model of
NAFLD [Zucker (fa/fa) rats], in which a loss of function
mutation leads to T2DM, visceral adiposity and hepatic
[21,22]
steatosis
, OCA ameliorated these consequences by
reducing hepatic expression of genes involved in fatty
[21]
acid synthesis, lipogenesis and gluconeogenesis .
In other animal models of NAFLD, OCA exerted anti[23-26]
inflammatory and antifibrotic effects
. However,
opposite effects have also been reported; indeed, OCA
induced hepatic steatosis, ballooning and inflammation

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is defined
as hepatic steatosis in the absence of secondary
hepatic fat accumulation such as significant alcohol
consumption, use of steatogenic medication or
hereditary disorders. NAFLD is asymptomatic in
most patients but can progress to cirrhosis and
hepatocellular carcinoma. The prevalence of NAFLD
is steadily increasing and is currently 20%-30% in
[1-3]
Western countries and 5%-18% in Asia . NAFLD
is the commonest cause of elevated liver enzymes
and is even more prevalent in patients with metabolic
diseases such as obesity and type 2 diabetes mellitus
[4]
(T2DM) . Consequently, its prevalence is expected
to increase in the near future as an aftermath of the
increasing adoption of a sedentary lifestyle and an
[3,4]
unhealthy diet .
Patients with NAFLD have higher all-cause mortality
[5]
risk than general population . Moreover, cardiovascular
disease represents the leading cause of death in
these patients, whereas liver-related mortality is less
[5,6]
frequent . Lifestyle modifications, including diet
and exercise, are imperative for achieving weight loss
and reducing insulin resistance and hepatic steatosis
[7,8]
/inflammation in patients with NAFLD . Despite the
short-term effectiveness of such measures, adherence
to lifestyle changes wanes with time underlining the
[7,9]
need for pharmacological therapy . The therapeutic
interventions that are used for the treatment of NAFLD
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in an animal study . The effects of OCA on liver
carcinogenesis are also controversial. In animal study,
activation of FXR inhibited hepatocarcinogenesis
by regulating nuclear factor κB-mediated hepatic
[28]
inflammatory reactions . In contrast, in another
recent report using 3 mouse models, loss of FXR
was associated with liver carcinogenesis in diabetic
[29]
animals .
Regarding human studies, OCA in patients with
NAFLD was first evaluated in a double-blind, placebo[19]
controlled, proof-of-concept study : patients
with NAFLD and T2DM were randomly assigned to
receive 25 mg OCA (n = 20), 50 mg OCA (n = 21)
[19]
or placebo (n = 23) for 6 weeks . Insulin resistance
was evaluated using hyperinsulinemic-euglycemic
[19]
clamp . Insulin sensitivity improved by 28.0% and
20.1% in patients treated with 25 and 50 mg OCA,
respectively, whereas it worsened in the placebo
[19]
group (a 5.5% reduction) . A dose-dependent
weight loss was observed in patients treated with
[19]
OCA . Moreover, alanine transaminase (ALT) and
g-glutamyltransferase (gGT) levels declined in both
[19]
OCA groups . The Enhanced Liver Fibrosis test, a
non-invasive marker of hepatic fibrosis, improved in
patients treated with 25 mg OCA and remained stable
[19]
in patients treated with 50 mg OCA . On the other
hand, aspartate transaminase (AST) levels remained
stable and alkaline phosphatase (ALP) levels increased
[19]
in both OCA groups . In addition, serum low-density
lipoprotein cholesterol (LDL-C) levels increased with
both OCA doses and serum high-density lipoprotein
cholesterol (HDL-C) decreased in patients under 50
[19]
mg OCA . Serum triglyceride levels also decreased in
[19]
the 50 mg OCA group . These lipid effects have also
been reported in animal studies and were attributed
to inhibition of conversion of cholesterol to bile acids
[30]
and to reduction of intestinal cholesterol absorption .
Regarding OCA safety, adverse reactions were com
[19]
parable in all groups .
More recently, the Farnesoid X Receptor Ligand
Obeticholic Acid in NASH Treatment (FLINT) trial, a
multicentre, double-blind, placebo-controlled clinical
trial in patients with non-alcoholic steatohepatitis
[31]
(NASH) but without cirrhosis, was published . In
this trial, 283 patients were randomized to receive
[31]
OCA 25 mg daily or placebo for 72 wk . The primary
outcome was a decrease in NAFLD activity score by at
least 2 points without deterioration of fibrosis. Fifty of
110 patients in the OCA group (45%) met the primary
endpoint at 72 weeks compared with 23 of 109
[31]
patients in the placebo group (21%; P = 0.0002) .
These results did not change after pre-specified
sensitivity analyses with adjustment for confounders,
[31]
including weight loss . Moreover, 35% of patients
treated with OCA had reduction in fibrosis, compared
[31]
with 19% of patients treated with placebo (P = 0.04) .
However, the rates of resolution of NASH did not differ
between the two groups (22% vs 13%, respectively,
[31]
P = 0.08) . Treatment with OCA resulted in a
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reduction in AST, ALT and γGT levels but increased ALP
[31]
levels . OCA induced weight loss and lowered systolic
blood pressure but increased glucose levels and
[31]
insulin resistance . Its contrasting effects on insulin
resistance in the FLINT trial and in the earlier proof[19]
of-concept study might be due to differences in the
study population (only patients with T2DM in the latter
[19]
study , patients with and without T2DM in FLINT
[31]
trial ). Notable, insulin resistance was evaluated
using homeostasis model in the FLINT trial, which
is less accurate than hyperinsulinemic-euglycemic
[31]
clamp . Regarding the effects on lipid profile, OCA
increased serum LDL-C and reduced HDL-C levels
[31]
whereas TG levels did not change at 72 wk . A study
in healthy subjects also reported that OCA treatment
for 14-20 d increased LDL-C and decreased HDL-C
[32]
levels regardless of dose (5, 10 or 25 mg daily) .
After treatment discontinuation, differences in liver
function tests, lipid profile and insulin resistance
[31]
between groups were no longer apparent . Finally,
side effects were non-severe and occurred at similar
rates, but a higher frequency of pruritus was observed
in OCA group, compared to placebo group (23% vs
[31]
6%) . These high rates of pruritus have also been
reported in patients using OCA for other liver diseases,
[33]
including primary biliary cirrhosis .
In light of these findings, how does OCA fit into
the management of NAFLD? According to current
guidelines, pharmacological treatment is recommended
only in non-diabetic patients with biopsy-proven
[8]
NASH . Vitamin E is recommended as first-line agent
[8]
whereas pioglitazone could also be used . These
recommendations are primarily based on the results
of Pioglitazone versus Vitamin E versus Placebo for the
Treatment of Nondiabetic Patients with Nonalcoholic
[34]
Steatohepatitis (PIVENS) trial , which randomized
247 non-diabetic patients with NASH to receive
vitamin E, pioglitazone or placebo. Both vitamin
E and pioglitazone reduced hepatic steatosis and
[34]
inflammation but not fibrosis . In contrast, OCA
improved all histological features of NAFLD (steatosis,
[31]
inflammation and fibrosis) . Moreover, FLINT trial
included patients with T2DM (52% of the study
population, n = 149) and OCA was equally effective
[31]
in both patients with and without T2DM . On the
other hand, vitamin E has no substantial metabolic
effects whereas pioglitazone reduces insulin resistance
and improves the lipid profile but induces weight
[34]
gain . OCA appears to reduce body weight but might
[32]
aggravate insulin resistance and dyslipidemia .
However, adverse lipid effects of OCA can be mitigated
using statins, which are frequently required for the
management of dyslipidemia in patients with NAFLD
and appear to be safe and to reduce cardiovascular
[8,35]
morbidity in this population
. Finally, long-term
studies in other populations suggest an increased
risk for all-cause mortality in patients treated with
[36]
vitamin E
and an increased risk for edema, heart
failure and bone fractures in patients treated with
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[37,38]

pioglitazone
. On the other hand, the long-term
safety of treatment with OCA is unknown.

12

CONCLUSION
OCA appears to represent a promising treatment
for patients with NAFLD, since it improves fibrosis,
induces weight loss and appears to be effective in
patients with T2DM. On the other hand, the adverse
effects on the lipid profile and insulin sensitivity are
worrisome, given the increased cardiovascular risk of
this population. Therefore, and given the suboptimal
efficacy and safety of other pharmacotherapies in
NAFLD, lifestyle changes should be recommended as
first-line management in these patients whereas OCA
might be considered in selected patients, particularly
those with T2DM and adequately controlled glucose
and lipid levels.
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Concise review: Interferon-free treatment of hepatitis C
virus-associated cirrhosis and liver graft infection
Nina Weiler, Stefan Zeuzem, Martin-Walter Welker

Abstract

Nina Weiler, Stefan Zeuzem, Martin-Walter Welker, Univer
sitätsklinikum Frankfurt, Medizinische Klinik 1, 60590 Frankfurt,
Germany

Chronic hepatitis C is a major reason for development
of cirrhosis and hepatocellular carcinoma and a leading
cause for liver transplantation. The development
of direct-acting antiviral agents lead to (pegylated)
interferon-alfa free antiviral therapy regimens with a
remarkable increase in sustained virologic response
(SVR) rates and opened therapeutic options for
patients with advanced cirrhosis and liver graft
recipients. This concise review gives an overview about
most current prospective trials and cohort analyses
for treatment of patients with liver cirrhosis and liver
graft recipients. In patients with compensated cirrhosis
Child-Pugh-Turcotte (CTP) class A, all approved agents
are safe and SVR rates do not significantly differ from
patients without cirrhosis in general. In patients with
decompensated cirrhosis CTP class B or C, daclastasvir,
ledipasvir, velpatasvir, and sofosbuvir are approved,
and SVR rates higher than 90% can be achieved.
Especially for patients with a model of end stage liver
disease score higher than 15 and therefore eligible
for liver transplantation, data is scarce. Reported SVR
rates in patients with cirrhosis CTP class C are lower
compared to patients with a less severe liver disease.
In liver transplant recipients with a maximum of CTP
class A, SVR rates are comparable to patients without
LT. Patients with decompensated graft cirrhosis should
be treated on an individual basis.
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Core tip: Chronic hepatitis C is a major reason for
development of cirrhosis and a leading cause for liver
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Weiler N et al . Pre- and post-transplant antiviral therapy of HCV
(PTV/r) - with or without dasabuvir (DSV) - are
approved by the European Medicine Agency (EMA)
and/or the Federal Drug Administration (FDA) with
or without RBV for treatment of patients without and
with cirrhosis maximum Child-Pugh-Turcotte (CPT)
class A. Regimens containing daclatasvir (DCV),
ledipasvir (LDV), velpatasvir, and sofosbuvir (SOF) are
approved with or without ribavirin (RBV) for patients
with all stages of liver disease including cirrhosis CPT
class B and C (Table 1). As SOF is not approved for
patients with severe renal impairment, there is still no
interferon-free therapy regimen approved for patients
with decompensated cirrhosis and severe kidney
disease. This article gives a concise review on current
data of DAA-based antiviral therapy in patients with
advanced HCV associated liver disease.

transplantation. The development of direct-acting
antiviral agents (DAA) offered new therapeutic options
for patients with advanced cirrhosis and liver graft
recipients. This review gives a high topical summary of
most current therapeutic options of DAA-based antiviral
therapy in patients with hepatitis C virus associated
cirrhosis before and after liver transplantation.
Weiler N, Zeuzem S, Welker MW. Concise review: Interferonfree treatment of hepatitis c virus-associated cirrhosis and liver
graft infection. World J Gastroenterol 2016; 22(41): 9044-9056
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9044.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9044

INTRODUCTION

SYSTEMATICAL LITERATURE DATABASE
RESEARCH

The World Health Organization estimates that appro
ximately 150 million people worldwide are currently
[1]
infected with the hepatitis C virus (HCV) . Chronic
hepatitis C is a major reason for development of
cirrhosis and hepatocellular carcinoma (HCC) in Eastern
Asia, Europe, and North America and a leading cause
[2-4]
for liver transplantation (LT) . In patients with HCV
associated cirrhosis, the annual incidence of HCC
[5-7]
ranges from 1% to 7% .
Sustained virologic response to antiviral therapy,
defined as undetectable HCV-RNA 12 wk (SVR12) after
end of treatment (EOT), is associated with improved
survival and reduced risk of HCC development in
[3,8,9]
patients without and with cirrhosis
. The former
standard treatment for HCV infection based on the
combination of (pegylated) interferon-alfa [(peg)-IFN]
and ribavirin (RBV) for 12 to 72 wk was associated with
limited SVR rates and burdened by therapy associated
[10,11]
adverse events
. In patients with HCV associated
cirrhosis registered for liver transplantation (LT), SVR
rates after (peg)-IFN ± RBV range between 0% and
50%, depending inter alia on HCV genotype and severity
[12]
of liver disease . In patients with decompensated
cirrhosis, (peg)-IFN based antiviral therapy is con
[12]
traindicated . In liver transplant recipients, SVR
rates to (peg)-IFN based antiviral therapy are low, and
interferon-alfa-associated, immune-mediated graft
[12,13]
dysfunction is a major concern
.
The development of direct-acting antiviral agents
(DAA) for (peg)-IFN free antiviral therapy regimens
lead to a remarkable increase in SVR rates and opened
therapeutic options for patients with contraindica
tions or low SVR rates to (peg)-IFN based antiviral
[14,15]
therapy regimens
. Currently available DAA can
be classified according to the viral target protein as
NS3/4A protease inhibitors (PI), NS5B polymerase
inhibitors (including non-nucleoside and nucleoside
[16]
inhibitors) and NS5A-inhibitors . Antiviral regimens
containing elbasvir (EBR)/grazoprevir (GZR), sime
previr (SMV), and ombitasvir (OMV)/paritaprevir/r

WJG|www.wjgnet.com

A PubMed database research using the terms
“hepatitis C”, “cirrhosis” and “direct acting antiviral”
th
was performed by the date of 21 of February 2016
to identify relevant clinical studies as well as national
and international guidelines. The systematic research
resulted in 226 hits, from those we identified 16
original articles, 10 case reports/case series, 137
reviews, 3 national guidelines, 8 articles presenting
data from DAA trials without participation of cirrhotic
patients, and 51 articles investigating other topics than
DAA therapy. One article was listed twice. The PubMed
research was amended by studies not fully published
but known to the authors, and references listed in
systematically identified articles. Totally, 27 trials were
identified, which reported safety and efficacy of DAAbased antiviral therapy in patients with compensated
[17-40]
and decompensated cirrhosis (Table 2)
.
Additionally, a second PubMed database research
using the terms “hepatitis C”, “liver transplantation”
and “direct acting antiviral” was performed to iden
tify relevant clinical studies as well as national and
international guidelines dealing with patients in the
liver transplant setting. This systematic PubMed
research revealed 72 publications, from those we
identified 2 original articles, 3 case reports/series,
45 reviews, one national guideline and 21 articles
investigating other topics than DAA therapy or animal
model studies. The PubMed research was amended by
studies not fully published but known to the authors,
and references listed in systematically identified
articles. In total, 6 trials were identified including also
studies known to the authors as congress proceedings
and not yet fully published.

DAA-BASED ANTIVIRAL THERAPY IN
HCV-ASSOCIATED CIRRHOSIS
The majority of prospective phase Ⅱ and Ⅲ trials
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1

Table 1 Currently approved direct-acting antivirals combination regimens for hepatitis C virus associated cirrhosis
Drug class

Name

NS3/4A protease inhibitors

NS5A inhibitors

NS5B non-nucleoside analog
polymerase inhibitors
NS5B nucleoside analog
polymerase inhibitors

Ribavirin

Therapy
duration
(wk)

Approved
cirrhosis class
(CPT)

Simeprevir
Sofosbuvir
1, 4
Paritaprevir In fixed combination with ritonavir and ombitasvir
1, 4
Grazoprevir
In fixed combination with elbasvir
1, 4
Daclatasvir
Sofosbuvir
1, 3, 4
Ledipasvir
In fixed combination with sofosbuvir
1, 3, 4, 5, 6
Ombitasvir In fixed combination with paritaprevir and ritonavir
1, 4
Elbasvir
In fixed combination with grazoprevir
1, 4
Velpatasvir
In fixed combination with sofosbuvir
1, 2, 3, 4, 5, 6
Dasabuvir
Ombitasvir/paritaprevir/ritonavir
1

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

12
12-24
12-16
12-24
12-24
12-24
12-16
12
12-24

A
A
A
A, B, C
A, B, C2
A
A
A, B, C
A

1, 2, 3, 4, 5, 63

No/Yes

12-24

A, B, C

Sofosbuvir

Combination DAA partner

Daclatasvir
Simeprevir
Ledipasvir in fixed combination
Velpatasvir in fixed combination

Genotype

1

Approved by EMA and/or FDA by October 2016. Approval details may differ with respect to region, genotype, and combination partner; 2Genotype 3,
only CPT A; 3Different approvals for SOF/RBV, and SOF/LDV. Adapted from[96]. CPT: Child-Pugh-Turcotte; DAA: Direct-acting antivirals; EMA: European
Medicines Agency; FDA: Food and Drug Administration; LDV: Ledipasvir; RBV: Ribavirin; SOF: Sofosbuvir.

included only a limited number of patients with
[17,22,24-26,28,29,32-34,37-40]
cirrhosis
, and only few trials
investigated especially patients with (decompensated)
[18-20,23,27,30,31,35]
cirrhosis
. Data of patient subgroups with
cirrhosis were not reported discretely in the majority
of studies, including, but not focusing on cirrhotic
patients. Additionally to prospective, controlled trials,
safety and efficacy of DAA regimens were recorded
in “real life” cohort studies and compassionate use
[41-51]
or early access programs
. Data obtained from
early access and compassionate use programs must
be interpreted with caution, because treatment
duration and regimens, e.g., use of RBV, are mostly
not controlled by respective protocols. Nevertheless,
patients with decompensated cirrhosis or high MELD
score (≥ 16) were enrolled in a substantial number in
these trials, and therefore, these data are of interest
and will be presented in the respective sections of this
review.

(NCT01975675), and SIRIUS (NCT01965535) trials.
The SIRIUS multicentre, double-blinded phase Ⅱ study
evaluated LDV/SOF with RBV for 12 in comparison to
LDV/SOF without RBV for 24 wk in 155 GT 1 treatment
[18]
experienced patients with compensated cirrhosis .
Median MELD score was 7 in each study arm (range
6-16 for both arms). Overall, SVR12 rates were 96%
in patients treated with LDV/SOF with RBV for 12 wk,
and 97% in patients treated with LDV/SOF without
RBV for 24 wk. Adverse events were mild, namely
asthenia, headache, pruritus and fatigue being the
most common. To overcome the problem, that each of
the respective approval trials for LDV and SOF included
only a limited number of patients with cirrhosis, an
integrated safety and efficacy analysis of these patients
[42,61]
across the mentioned studies was performed
. In
a meta-analysis of pooled data from the ELECTRON
(NCT01260350), ELECTRON-2 (NCT01826981),
LONESTAR (NCT01329978), ION-1 (NCT01701401),
ION-2 (NCT01768286), GS-334-0113 (NCT01975675),
and SIRIUS (NCT01965535) studies, 513 patients
treated with LDV/SOF with and without RBV for 12
or 24 wk were included. The overall SVR12 rate was
96%, and SVR was not associated with prior treatment
(47% had previously received a protease-inhibitorcontaining regimen), treatment duration or use of RBV.
Nevertheless, previously treated patients receiving
12 wk of treatment with LDV and SOF without RBV
achieved SVR12 in only 90%. Of note, no significant
[42]
safety issue was observed . In conclusion, 12 wk
of LDV/SOF without RBV are considered sufficient for
treatment-naive patients with compensated cirrhosis
and genotype 1 infection, while the addition of RBV is
recommended in treatment-experienced patients with
[62,63]
liver cirrhosis
.
The combination of SMV and SOF was evaluated
in the OPTIMIST-2 phase Ⅲ, open-label, single-arm

APPROVED DAA-BASED TREATMENTS
IN PATIENTS WITH COMPENSATED
CIRRHOSIS
All currently approved agents can be administered
safely in patients with CPT class A cirrhosis in
[18,31,35,52-60]
interferon-free antiviral regimens
. However,
with respect to genotype and DAA regimen, some
details have to be considered.

Genotype 1

The combination of LDV/SOF with and without RBV was
prospectively evaluated in patients with compensated
cirrhosis in the ELECTRON (NCT01260350), ELECTRON-2
(NCT01826981), LONESTAR (NCT01329978), ION-1
(NCT01701401), ION-2 (NCT01768286), GS-334-0113
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Table 2 Efficacy of direct-acting antivirals based, (peg)-interferon-free antiviral therapy in patients with hepatitis C virus-associated
(de-) compensated cirrhosis in controlled, prospective trials
Ref.

Therapy regimen

Abergel et al[17]
LDV/SOF
Afdhal et al[53] (ION-1)
LDV/SOF ± RBV
Afdhal et al[54] (ION-2)
LDV/SOF ± RBV
Bouliere et al[18] (SIRIUS)
LDV/SOF ± RBV
Charlton et al[19]
LDV/SOF/RBV
(SOLAR-1)
Curry et al[20] (ASTRAL-4)
VEL/SOF ± RBV
Curry et al[21]
SOF/RBV
Feld et al[22] (ASTRAL-1)
VEL/SOF
Feld et al[23]
OBV/PTV/r + DSV
(TURQUOISE-Ⅲ)
Forns et al[24]
Grazoprevir/Elbasvir/RBV
(C-SALVAGE)
Foster et al[25]
VEL/SOF vs SOF/RBV
(ASTRAL-2/-3)
Foster et al[68] (BOSON)
SOF/RBV ± IFN
Kumada et al[26] (GIFT-1)
OBV/PTV/r
Lawitz et al[27]
SMV/SOF
(OPTIMIST-2)
Lawitz et al[28]
Grazoprevir/Elbasvir ± RBV
(C-WORTHY)
Lawitz et al[29] (PEARL-I)
OBV/PTV/r + DSV
Leroy et al[30] (ALLY-3+)
DCV/SOF/RBV
Manns et al[31] (SOLAR-2)
LDV/SOF/RBV
Mizokami et al[32]
LDV/SOF ± RBV
Nelson et al[33] (ALLY-3)
DCV/SOF
Omata et al[34]
SOF/RBV
Poordad et al[35]
OBV/PTV/r + DSV/RBV
(TURQUOISE-Ⅱ)
Poordad et al[36] (ALLY-1)
DCV/SOF/RBV
Poordad et al[37]
OBV/PTV/r + DSV + SOF +
(QUARTZ-I)
RBV
Wyles et al[38]
LDV/SOF/RBV
Zeuzem et al[39]
SOF/RBV
(VALENCE)
Zeuzem et al[40] (C-EDGE)
Grazoprevir/elbasvir

Treatment
duration (wk)

Genotype

n (all)

n (cirrhotic

n (MELD >
16)

SVR12 % (all
patients)

12
12-24
12-24
12-24
12-24

5
1
1
1
1, 4

41
865
440
155
337

9
136
88
155
108

Not specified
Not specified
Not specified
Not specified
27

39/41 (95%)
849/865 (98%)
427/440 (97%)
149/154 (97%)
89/108 (82%)1

12-24
Up to 48
12
12

1, 2, 3, 4, 6
1, 2, 3, 4
1, 2, 4, 5, 6
1b

267
61
7412
60

267
61
142
60

13
None
Not specified
Not specified

234/267 (88%)
30/43 (70%)
618/624 (99%)3
60/60 (100%)

12

1

79

34

Not specified

76/79 (96%)

12

2, 3

818

201

Not specified

742/818 (91%)

12-24
12
12

2, 3
1b
1

592
363
103

219
42
103

Not specified
Not specified
Not specified

494/592 (83%)
346/363 (95%)
86/103 (83%)

12-18

1

253

170

Not specified

240/253 (95%)

12-24
12-16
12
12
12
12
12-24

1
3
1, 4
1
3
2
1

181
50
328
341
152
153
380

99
50
1604
76
32
17
380

Not specified
Not specified
41
Not specified
Not specified
Not specified
Not specified5

172/181 (95%)
45/50 (90%)
121/140 (86%)
338/341 (99%)
135/152 (89%)
148/153 (97%)
356/380 (94%)

12

1, 2, 3, 4, 6

1136

60

100/113 (89%)7

12-24

1

22

7

Not specified
(CPT C 16)
Not specified

12
12-24

1
2, 3

51
419

14
90

Not specified
Not specified

50/51 (98%)
302/334 (90%)9

12

1, 4, 6

421

92

Not specified

299/316 (95%)10

patients)

14/15 (93%)8

1

Only pretransplant cohort; 2116 patients received placebo; 3SVR in patients with compensated cirrhosis 99%; 4Patients with CPT class B or C cirrhosis preand posttranplant, additionally CPT class A patients posttransplant participated in this trial, the number was not specified; 5Only patients with CPT class A
cirrhosis included; 6Only patients who had undetectable HCV-RNA at transplant were included in efficacy analysis; 783% in the advanced cirrhosis cohort;
8
Not all patients completed follow up until conference; 985 patients received placebo; 10105 patients had deferred therapy. CPT: Child-Pugh-Turcotte; DAA:
Direct-acting antivirals; DCV: Daclatasvir; DSV: Dasabuvir; LDV: Ledipasvir; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; PTV/r: Paritaprevir/
ritonavir; VEL: Velpatasvir; SVR12: Sustained virologic response 12 wk after end of treatment.

[27]

the relapse rate in the longer treatment arm was only
observed in patients with HCV subtype 1a infection
and one or more specific negative predictors (alfa9
fetoprotein > 20 ng/ml, platelet count < 90 × 10 /l,
albumin level < 35 g/l). Negative predictors of SVR
in general were IL28B T/T polymorphism, prior nullresponse to (peg)-IFN/RBV therapy, and genotype 1a
[35]
infection . The TURQUOISE-Ⅲ phase Ⅲb, open-label
study investigated whether RBV could be dispensed
without SVR decline in 60 patients with HCV genotype
[23]
1b associated cirrhosis treated with the 3D-regimen .
Nineteen (32%) patients had clinical signs of portal
hypertension (thrombocytopenia, esophageal varices)
alone or in combination with reduced serum albumin
levels or hepatic coagulopathia. However, all patients
included had a CPT score not higher than 6 with no

study, including 103 GT 1 patients with cirrhosis .
The overall SVR12 rate was 83%, in detail, 88% and
79% for treatment-naive and treatment-experienced
patients, respectively. In patients with baseline
albumin levels higher than 40 g/l, SVR12 rates were
higher than in patients with albumin levels lower than
40 g/l (94% versus 74%).
The combination of OBV/PTV/r and DSV (3D-regimen)
was evaluated in two studies in patients with com
pensated cirrhosis. The TURQUOISE-Ⅱ trial, an openlabel phase Ⅲ trial investigated the 3D-regimen in
combination with RBV for 12 wk vs 24 wk in 380
[35]
patients with HCV associated cirrhosis CPT class A .
The overall SVR12 rate was 93.7%, 91.8% (191/208)
in the 12 wk compared to 95.9% (165/172) in the
24 wk group, respectively. A significant reduction of
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evidence of hepatic decompensation. Treatment with
the 3D-regimen without RBV was safe and efficacious
in patients with compensated cirrhosis and genotype
1b infection, as SVR12 was achieved in 100%.
The combination of DCV und SOF was evaluated
in the ALLY-1 trial, which included patients with com
[36]
pensated and decompensated cirrhosis . Respective
results are discussed below.
The therapeutic spectrum for patients with genotype
1 (and 4 or 6) infection was currently widened with the
[64]
FDA approval of EZR in fixed combination with GZR .
A treatment course of 12 wk in patients with mainly
genotype 1 infection resulted in an overall SVR12 rate
[40]
of 95% (299/316) . The study included 92 (22%)
patients with compensated cirrhosis, and SVR12 rates
did not differ between treatment naïve patients without
or with cirrhosis. Severe adverse events occurred in
9 (2.8%) patients receiving the investigational drugs
and 3 (2.9%) patients of the placebo group, but no
[40]
event was considered drug related . However, HCV
subtype (1a vs 1b), resistant associated variants, and
prior treatment status has to be taken into account
according to the FDA approved label of these fixedcombination therapy.

16 or 24 wk vs SOF/RBV ± peg-IFN for 12 wk in
treatment-experienced patients with cirrhosis and
genotype 2 infection and patients with genotype 3
infection of any treatment status with and without
[68]
cirrhosis . In HCV genotype 2 infection, the SVR
rate was not significantly different in the three
treatment arms (87%, 100%, and 94%). In patients
with genotype 3 infection, SOF/RBV ± peg-IFN was
superior to 16 or 24 wk of SOF/RBV (93% vs 71%,
84%). The same pattern with lowest SVR12 rate in the
16 wk group was found in the subgroup of patients
with genotype 3 infection and cirrhosis.

Genotype 4-6

Patients with HCV genotype 4, 5, or 6 infection
and compensated cirrhosis were included in limited
numbers only in the respective trials. Current
guidelines recommend LDV/SOF with RBV for 12 wk,
LDV/SOF without RBV for 24 wk or DCV/SOF with
RBV for 12 and without RBV for 24 wk. Of note, DCV/
SOF with or without RBV is not approved by EMA for
HCV genotype 5 or 6 infection. Additional options for
patients with genotype 4 infection are the combination
of SMV/SOF with RBV for 12 and without RBV for 24
[62]
wk or OBV/PTV/r for 24 wk with RBV .

Genotype 2

Pan-genotype treatment (genotype 1-6)

The currently approved DAA regimens were inves
tigated in a moderate number of patients with cirrhosis
[34,39,46,65-67]
and genotype 2 infection
. According to the
European Association for the Study of the Liver (EASL)
guidelines, patients with GT 2 and cirrhosis should
be treated with SOF/RBV for a prolonged treatment
duration of 16 to 20 wk, especially in patients with
[62]
treatment experience .

The combination of VEL and SOF has been evaluated
for 12 wk in phase Ⅲ studies including patients with
[22,25]
compensated cirrhosis
. Among all genotypes,
the overall SVR12 rates ranged from 95% to 99%. A
subgroup analysis was performed for patients with
genotype 3 infection, and SVR12 did not significantly
[25]
differ in patients with our without cirrhosis . The
fixed drug combination was approved by the EMA
and the FDA in 2016 for patients with compensated
cirrhosis for a 12-wk treatment without RBV. Addition
of RBV may be considered for patients in compensated
cirrhosis and genotype 3 infection (EMA).

Genotype 3

Studies investigating DAA based antiviral therapy in
patients with HCV genotype 3 associated cirrhosis have
shown lower SVR rates than in genotype 1 infected
patients for SOF/RBV for 12 to 24 wk and DCV/SOF
[33,39]
for 12 wk
. The ALLY-3+ trial investigated whether
the addition of RBV to DCV/SOF and a prolongation of
treatment duration from 12 to 16 wk were associated
with enhanced SVR rates in 50 GT 3 patients with
advanced fibrosis (14/50, 28%) or cirrhosis (36/50,
[30]
72%) . The overall SVR12 rate was 90%. The SVR
rates did not differ significantly between both groups,
with 88% (91% observed, excluding a patients who
died due to causes not related to study) in the 12 wk
group and 92% in the 16 wk group. The subgroup
analysis of patients with cirrhosis reported an overall
SVR12 rate of 86%, with 83% (88% observed) in the
12 wk group compared to 89% in the 16 wk group.
Cirrhosis stage or MELD score were not specified. Of
note, DCV is approved in combination with SOF and
RBV for 12 (FDA) or 24 (EMA) wk in patients with
cirrhosis and genotype 3 infection.
The large BOSON trial investigated SOF/RBV for
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APPROVED DAA-BASED TREATMENT
IN PATIENTS WITH DECOMPENSATED
CIRRHOSIS
Randomized, prospective trials of approved DAA
regimens were performed in patients with advanced
liver disease [(decompensated) cirrhosis, after LT]
and mainly HCV genotype 1, 3, and 4 infection.
Although some studies investigated patients with
“decompensated” cirrhosis, data are scarce in patients
[69]
with a MELD score higher than 15 . From the limited
data may be concluded that patients with CPT class
C cirrhosis have lower SVR12 rates than patients
without or with compensated cirrhosis. Improvements
of MELD score as well as albumin levels indicate an
improvement in liver function in patients with DAA
[31,70]
induced SVR
. However, liver function stayed
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unchanged in a significant proportion of patients or
even worsened despite of SVR. Moreover, serious
adverse events including fatal courses have been
reported in patients with decompensated cirrhosis
and DAA based antiviral therapy ranging from 18% to
[19,20]
34%
. Most trials did not report a benefit in SVR
[18,22]
rates for 24 wk of treatment over 12-wk duration
.
However, some data indicate similar SVR12 rates for a
treatment of 12 or 24 wk only with additional RBV in
[20]
the 12 wk arm . The relevant studies are discussed
in detail below.
The randomized open-label phase Ⅱ studies
SOLAR-1 and SOLAR-2 evaluated the combined
treatment with LDV/SOF and RBV for 12 or 24 wk in
patients with HCV GT 1 or 4 and advanced cirrhosis
[19,31]
or post liver transplantation
. Totally 337 patients
were enrolled in the SOLAR-1 study, 89% GT 1 and
11% GT 4. Data of 108 patients with decompensated
cirrhosis have been reported supplementary prior to
[19,70]
the final publication
. Patients had CPT class B (n
= 55) or C (n = 53) cirrhosis, and 26% of patients
(28) had a MELD score > 15. At therapy baseline,
96% of patients with cirrhosis CPT class C had ascites.
The overall SVR12 rate was 87%, and did not differ
significantly in patients with CPT class B cirrhosis
between the 12 wk (SVR, 87%) and the 24 wk (89%)
duration arm. In patients with cirrhosis CPT class C,
SVR12 rates were 86% and 87% in the respective
study arms. Of note, 4 patients with cirrhosis CPT
class B/C received a liver graft, 5 patients discontinued
treatment because of adverse events, and one patient
died. The transplant cohorts of the SOLAR-1 study and
the SOLAR-2 study are discussed in the respective
section below.
The combination of DCV/SOF and RBV for 12 wk
was evaluated in the open label, phase Ⅲ ALLY-1
study in patients with advanced cirrhosis or after
[36]
LT . Although all genotypes were allowed, mainly
patients with genotype 1 infection were included in the
cirrhosis cohort (45/60, 75%). Patients transplanted
during treatment were eligible for additional 12 wk
of treatment immediately post-transplant. In the
cirrhosis cohort, CPT class distribution was 20% class
A, 53% class B, and 27% class C, and MELD score
ranged between 8 and 27. The overall SVR12 rate in
the cirrhosis cohort was 83% (50/60 patients with all
GT) and did not differ with respect to prior treatment
status or general baseline characteristics. However,
SVR rates were higher in patients with CPT class A
(10/11 GT 1 patients) or B (22/24 GT 1 patients) than
in patients with class C (5/10 GT 1 patients, for other
GT not separately displayed).
The combination of VEL/SOF has also been eva
luated in 267 patients with decompensated cirrhosis in
[20]
the phase Ⅲ, open-label ASTRAL-4 study . Although
designed as a pan-genotype study, mainly patients
with genotype 1 (78%) and 3 (15%) infection were
enrolled, while patients with genotypes 2, 4, 5, and
6 were included only to a low percentage of 4%,
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3%, 0%, and < 1%, respectively. Patients were
randomized to 12 wk of SOF/VEL with or without RBV
or 24 wk with SOF/VEL without RBV. Enrolled patients
had a median baseline CPT score of 8 (range 5 to
10) and a median baseline MELD score of 10 (range
6 to 24). However, 95% of patients had a baseline
MELD score of 15 or less. At screening all patients
had CPT class B, but 7% of patients had CPT class A
at treatment baseline. This has to be kept in mind,
when transferring scientific data to clinical practice in
patients with “truly” decompensated cirrhosis. Overall
SVR12 rates were 83% for 12 wk of SOF/VEL, 94% for
12 wk of SOF/VEL/RBV and 86% for 24 wk of SOF/
VEL. SVR12 rates for CPT class or subgroups were not
reported separately. An improvement in CPT class was
achieved in 47% of patients, 42% had no change and
11% patients showed a worsened CPT score. Overall
improvement of MELD score was observed. This effect
was stronger in patients with an initial MELD score >
15. In detail, 51% of patients with a baseline MELD
score ≤ 15 showed an improvement of MELD score,
while MELD score stayed unchanged or worsened in
22% and 27% of patients, respectively. Patients with
a baseline MELD > 15 showed an improved MELD
score in 81%, while MELD score stayed unchanged
or worsened in 11% and 7%, respectively. Although
these are encouraging data, it has to be considered,
that (severity of) portal hypertension, a major
risk factor of death in patients with cirrhosis, is not
adequately reflected by MELD. The fixed combination
of VEL/SOF is approved by the EMA and the FDA for
12 wk in combination with RBV.
As mentioned above, data from early access and
compassionate use programs, as well as data from “real
life” cohorts are useful supplements to prospective
controlled trials, because inclusion criteria often
allowed to include a substantial number of patients
with advanced liver disease, e.g., decompensated
cirrhosis. Final data are currently available from the
National Health Service England Expanded Access
Programme, which included 467 patients with hepatic
decompensation or life-threatening extrahepatic
[49]
manifestations . In this prospective, observational
cohort study, patients were treated for a maximum
of 12 wk with DCV/SOF ± RBV or LDV/SOF ± RBV by
clinician’s discretion. The majority (409/467, 88%)
of patients had past or current symptoms of hepatic
decompensation, defined by presence of ascites,
variceal bleeding or encephalopathy. At baseline, 319
patients were classified as CPT class B, and 43 as CPT
class C, and median (range) MELD score was 11 (6-32).
Overall SVR12 was 82% (381/467); 4% (17/467) of
patients died and 3% (16/467) of patients were lost
to follow-up. In detail, SVR12 rates were 85% (39/46)
for patients with genotype 1 infection treated with
DCV/SOF ± RBV and 92% (170/185) for patients
treated with LDV/SOF ± RBV, respectively. Patients
with genotype 3 infection achieved SVR12 in 73%
(91/125) when treated with DCV/SOF ± RBV and in
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[49]

61% (41/67) treated with LDV/SOF ± RBV . Of note,
DCV is currently approved in patients with cirrhosis
and HCV genotype 3 infection in combination with
SOF and RBV by EMA for 24 wk and by FDA for 12 wk
[62,63]
treatment
.
It is unquestionable, that efficacy and safety has
improved with DAA based IFN-free therapies compared
to (peg)-IFN based therapy regimen in patients with
decompensated cirrhosis. For a subgroup of patients
with decompensated cirrhosis and DAA induced SVR,
an improvement in liver function has been reported.
Nevertheless, severe adverse events were reported
in a substantial percentage of patients, and ascites or
hepatic encephalopathy did not resolve completely in all
[43,44,49,71]
patients
. Currently, no biomarkers are available
to predict the individual clinical course in patients with
decompensated cirrhosis to decide whether treatment
[49,72]
should be initiated before or after LT
.

DAA THERAPY PERI-TRANSPLANT
[21]

Curry et al
conducted an open-label phase Ⅱ study
for patients on the waiting list to LT for HCC of any GT.
Endpoint of the study was undetectable HCV RNA 12
wk after LT. Patients received SOF and RBV up to 48
wk before LT, 61 patients with CPT ≤ 7 were included.
LT was performed in 46 patients, 43 from those had
undetectable HCV RNA at transplant and were included
in efficacy analysis. Outcome of those 43 patients was:
30 patients (70%) had SVR12 after LT, 10 patients
(23%) suffered from relapse, 3 patients (7%) died
(primary graft non-function, n = 2; hepatic artery
thrombosis, n = 1). Overall SVR post LT from all 61
patients was 49%. The risk of HCV graft infection was
negatively correlated with the time interval before LT,
when HCV RNA was undetectable. Safety and efficacy
of LDV/SOF are currently investigated in patients with
[73]
genotype 1 or 4 infection in a peri-transplant setting .

FURTHER OPTIONS OF DAA-BASED

ANTIVIRAL THERAPY IN HCV LIVER
GRAFT INFECTION

TREATMENT IN PATIENTS WITH
DECOMPENSATED CIRRHOSIS

In patients with detectable HCV RNA at transplantation,
HCV graft infection is almost inevitable, and HCV
infection of the liver graft often shows an aggravated
course with development of graft cirrhosis in up
to 30% percent of patients within 5 years after
[74,75]
transplantation
. In a minority of patients, HCV
graft infection presents as fibrosing cholestatic hepa
titis (FCH), a severe form of hepatitis C, leading to
graft loss and death within months up to 2 years in the
[76]
majority of patients . Therefore, HCV graft infection
is associated with a decrease in patient and graft
[77]
survival .
Patients with fibrosis or cirrhosis after LT have a
poor tolerance and low efficacy to (peg)-IFN based
[78]
antiviral therapy . Moreover, plasma cell hepatitis is a
[76,79]
rare but feared complication of (peg)-IFN therapy
.
First generation PI - in combination with (peg)-IFN and
RBV - were associated with a slight increase in SVR
[80,81]
rates, but a high rate of serious adverse events
.
The introduction of DAA-based IFN-free antiviral
therapy widened therapeutic options in patients after
liver transplantation and a proof of concept study
using SOF with RBV for 24 wk resulted in an overall
[82]
SVR rate of 70% . Currently safety and efficacy data
of DAA based antiviral therapy in liver graft recipients
[19,31,36,83,84]
are available from prospective trials
and
[77,85-90]
cohort studies
. Table 3 summarizes available
prospective and controlled trials. The most important
prospective trials are the SOLAR-1 and -2 studies
(LDV/SOF/RBV), the CORAL-I study (3D/RBV), and the
[19,31,36,84]
ALLY-1 trial (DCV/SOF/RBV)
.
The combination of LDV and SOF with or without
[19,31,83]
RBV was investigated in several studies
.
[83]
Reddy et al
performed a prospective, randomized
multicenter study to evaluate treatment with LDV/SOF

SMV is not approved by the EMA or the FDA for
patients with cirrhosis CPT class B or C. Nevertheless,
treatment of patients with advanced cirrhosis with
[43,44]
SMV/SOF with or without RBV has been reported
.
[43]
Saxena et al presented data of a multicenter cohort
of 106 GT 1 patients with cirrhosis treated with SMV/
SOF with or without RBV for 12 wk. Patients were
analyzed according to CPT class A versus CPT class
B/C and compared to matched untreated controls.
The median (range) baseline MELD score in the
overall study population was 9 (8-11), and cirrhosis
was classified as CPT class A in 64% and CPT class
B/C in 35%. Overall, SVR rates were 91% in patients
with CPT class A and 73% in patients with CPT class
[43]
B/C cirrhosis, respectively . Two deaths occurred,
one in each group, one liver related and one not.
[44]
Shiffman et al
reported retrospectively analyzed
data from 120 patients with cirrhosis and HCV
genotype 1 infection treated with SMV/SOF. From
those 67%, 21% and 12% had CPT class A, B, and
C cirrhosis, respectively. Hepatic decompensation or
portal hypertension was present in 30% of patients.
The overall SVR12 rate was 87%, 77%, and 67% in
CPT class A, B, and C patients, respectively. Serious
adverse events were reported in 11% of patients,
sepsis (n = 2, 1/2 fatal outcome), variceal bleeding (n
= 2), hepatocellular carcinoma (n = 2), and increase
in bilirubin (n = 8). Although these data indicate that
SMV might be safe in patients with decompensated
cirrhosis, there is general concern because the
simeprevir mean steady state area under the curve is
increased in patients with CPT class B and C cirrhosis
by 2.4-fold and 5.2-fold, respectively (summary of
product characteristics).
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Table 3 Efficacy of direct-acting antivirals based, (peg-)-interferon-free antiviral therapy in patients with hepatitis C virus liver graft
infection in controlled, prospective trials
Ref.
Charlton et al[19] (SOLAR-1)1
1
Charlton et al[82]
Kwo et al[84] (CORAL-1)
Manns et al[31,72] (SOLAR-2)
Poordad et al[36] (ALLY-1)1
Reddy et al[83]

1

Therapy regime

Treatment
duration (wk)

Genotype

n

SVR12

LDV/RBV + RBV
SOF + RBV
DSV/OMV/PTV/r + RBV
LDV/SOF +RBV
DCV/SOF + RBV
SOF/LDV + RBV

12-24
24
24
12 or 24
12
12-24

1, 4
1, 3, 4
1
1, 4
1, 2, 3, 4, 64
1, 4

2292
40
34
1683
532
223

214/229 (93%)
28/40 (70%)
33/34 (97%)
146/151 (97%)
50/53 (94%)
120/129 (93%)5

1

Mainly patients with genotype 1; 2The complete study included patients prior and after liver transplantation; 3Preliminary results with regard to
publication status or completed SVR12 (SVR not available in all patients enrolled into the study); 4Only one patient had GT 2, 4 or 6; 5Interims SVR4
results. LDV: Ledipasvir; RBV: Ribavirin; SMV: Simeprevir; SOF: Sofosbuvir; OMV: Ombitasvir; PTV/r: Paritaprevir/ritonavir; SVR12: Sustained virologic
response 12 wk after end of treatment.
[36]

with RBV for 12 wk vs 24 wk in patients with GT1 und
GT4 in liver graft recipients at median (range) 4.4
(0.4-23.3) years after LT. Two-hundred-twenty-three
patients were enrolled, 83% had prior HCV treatment,
47% of all patients were PI treatment experienced.
Fifty percent of patients had F0-F3 fibrosis, while 23%,
22% and 4% had CPT class A, B, and C cirrhosis,
respectively. SVR rates were high in patients without
(12 wk, 96%; 24 wk, 94%) as well as in patients
with graft cirrhosis (12 wk, 92%; 24 wk, 84%).
Overall safety was excellent, however, 5 patients with
graft cirrhosis died during the study period due to
gastrointestinal bleeding, multiorgan failure, intestinal
perforation, cardiac problems, complications of
cirrhosis and progressive multifocal leukoencephalitis.
These early results implicated no difference between
12 and 24 wk of LDV/ SOF plus RBV.
The SOLAR-1 and -2 studies demonstrated high
efficacy and an excellent safety profile of LDV/SOF
for 12 or 24 wk in patients without and with graft
cirrhosis. Both studies have to be highlighted, because
cirrhosis stage was well classified, and all stages of
severe liver disease after LT namely graft cirrhosis
CPT class C and FCH were included. The overall SVR12
rates were > 90%. A longer treatment of 24 wk was
not superior over 12 wk with respect to SVR in both
studies. Nevertheless, lower SVR rates were observed
[19,31]
in patients with decompensated graft cirrhosis
.
Thirty-four patients after liver transplantation
without and with mild fibrosis (≤ F2) were enrolled
in an open label, phase Ⅱ study (CORAL-I) by
[84]
Kwo et al
receiving OBV/PTV/r/DSV plus RBV for
24 wk. Patients had a calcineurin inhibitor based
immunosuppression. The overall efficacy assessed by
SVR12 was high with 33/34 (97%). Reported adverse
events were mostly mild, fatigue, namely headache,
and cough. Of note, substantial dosage modifications
of immunosuppressants were required to maintain
respective therapeutic levels.
The post-transplant cohort of the ALLY-1 open label,
phase Ⅲ study included 53 HCV-infected patients of
any genotype to the treatment of 12 wk with DCV/
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SOF and RBV . Seventy-seven percent of patients
had HCV genotype 1 infection. No patients with FCH
or decompensated graft cirrhosis were included. The
efficacy was high with an overall SVR12 rate of 94%.
In the compassionate use program of DCV/SOF also
patients with FCH or decompensated graft cirrhosis
were included, however, the total number (n = 12)
[87]
of respective patients included was low . In this
program, patients were treated with DCV/SOF in
equal parts with or without RBV for 24 wk. Nine of
twelve completed 24 wk of treatment, while three
patients died before end of treatment. Preliminary
post-treatment data were available for five patients,
and so far no viral relapse was reported. Of note, dose
adjustment of immunosuppressants was not necessary
during treatment.
Robust data for the use of SMV/SOF in liver graft
[77,86,90]
recipients are available from cohort studies, only
.
The largest study enrolled 132 patients with HCV
genotype 1 infection at median (range) 32 (2-317)
months after LT, who were treated with SMF/SOF with
[86]
and without RBV for 12 wk . Overall, 60% of patients
were infected with genotype 1a, 30% had METAVIR
F3-F4, 4% had decompensated graft cirrhosis, and
11% had FCH. Furthermore, 7% of patients had also
a kidney transplant, and 82% had previously failed
(peg)-IFN/RBV-based regimens. Immunosuppression
contained tacrolimus in 91%. Overall SVR12 rate
was 90%. However, patients with genotype 1a
infection and advanced fibrosis (METAVIR F3-F4)
had significantly lower SVR rates (71%) than those
with F0-F2 (91%). Twenty-five patients received RBV
(20%) with no significant impact on SVR. However,
72% patients developed clinical relevant anemia. One
death - possibly due to drug induced lung injury occurred, all other adverse events were classified mild.
Minimal dose adjustments in immunosuppression were
[86]
necessary . A further, but smaller study (n = 42) is of
interest, because 14% of patients with decompensated
graft cirrhosis were included. Overall 95% of patients
achieved SVR12, 97% of patients without and 88% of
patients with cirrhosis, respectively (P = NS).
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- DCV, LDV, VEL and SOF - are currently approved
for patients with all severity of liver disease including
CPT class B and C cirrhosis. Liver graft recipients with
compensated liver disease can be treated according
to patients without prior LT. The standard treatment
duration for the majority of patients is 12 wk.

DRUG-DRUG INTERACTION BETWEEN
DAA’S AND IMMUNOSUPPRESSION
The calcineurin inhibitors ciclosporin and tacrolimus
[91-93]
are substrates of CYP3A
. Clinical significant
interactions with ciclosporin and tacrolimus have
been described for SMV and OMV/PTV/r. For coadministration of SMV and tacrolimus monitoring of
tacrolimus trough blood levels is recommended, while
again the co-administration of SMV and ciclosporin
is not recommended, because SMV levels may raise
(summary of product characteristics). Dose reduction
and respective drug monitoring of ciclosporin (20% of
daily dose) and tacrolimus (fixed 0.5 mg weekly dose)
is recommended for co-administration with OBV/PTV/
r ± DSV. Clinical significant drug-drug interactions
with DAA have not been reported for mycophenolate
mofetil. However, persistent anemia with need of
blood cell transfusions was reported due to combined
treatment with mycophenolate mofetil and peg-IFN/
[94]
RBV/SMV .
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REVIEW

Mesenchymal stromal cell-based therapy: Regulatory and
translational aspects in gastroenterology
Giovanni Dothel, Emanuel Raschi, Roberto Rimondini, Fabrizio De Ponti
production focused towards the possible clinical
applications of mesenchymal stromal cells (MSCs)
in autoimmune and chronic inflammatory diseases.
This raised the need of novel standards to adequately
address quality, efficacy and safety issues of this
advanced therapy. The development of a streamlined
regulation is currently hampered by the complexity
of analyzing dynamic biological entities rather than
chemicals. Although numerous pieces of evidence
show efficacy in reducing intestinal inflammation, some
inconsistencies between the mechanisms of action
of rodent vs human MSCs suggest caution before
assigning translational value to preclinical studies.
Preliminary evidence from clinical trials showed efficacy
of MSCs in the treatment of fistulizing Crohn’s disease
(CD), and preparations of heterologous MSCs for
CD treatment are currently tested in ongoing clinical
trials. However, safety issues, especially in longterm treatment, still require solid clinical data. In this
regard, standardized guidelines for appropriate dosing
and methods of infusion could enhance the likelihood
to predict more accurately the number of responders
and the duration of remission periods. In addition,
elucidating MSC mechanisms of action could lead to
novel and more reliable formulations such as those
derived from the MSCs themselves (e.g. , supernatants).
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Core tip: mesenchymal stromal cells (MSCs) release
immunomodulatory mediators upon inflammatory
stimuli . This behavior is attractive for the development
of advanced therapeutic strategies applied to several
intestinal disorders where inflammation is a key
pathophysiological feature. In order to assess quality,
efficacy and safety of MSC-based therapy, a novel

Abstract
The past decade has witnessed an outstanding scientific
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their immunoregulatory effect. The presence of an
inflammatory environment activates MSCs, which in
turn shift into an immune-suppressive phenotype,
whereas, conversely, the lack of inflammatory
stimuli prompts MSCs to adopt a pro-inflammatory
[3]
[4]
phenotype . In fact, Duijvestein et al found that
administration of IFN-γ in MSC culture medium increases
their therapeutic potential in a model of trinitrobenzene
sulfonate (TNBS)-induced colitis.
Second, healing properties of MSCs appear largely
dependent on the release of soluble factors and
chemokines produced by the cells themselves and/
or by local microenvironment, while their survival
[5]
does not seem necessary for clinical benefit : the
detection of biologically active compounds derived
from MSCs implies that a “cell-free” therapy could be
[6-8]
an alternative .
Third, homing and migration are still incompletely
characterized, but are likely to be influenced by
multiple factors such as age and number of passages,
[9]
culture conditions and the delivery method . Notably,
different studies indicated that intravenous-injected
[10]
MSCs are trapped in the lungs upon first passage .

approach to pharmacokinetics/pharmacodynamics (PK/
PD) is mandatory. This must rely on careful assessment
of cell phenotype, signaling and homing mechanisms.
In this regard, experimental models must take
advantage of the most updated knowledge in order
to reflect the PK/PD mechanisms in humans. Finally,
an alternative approach to the “whole-cell treatment”
applies MSC-derived mediators alone in order to avoid
the hypothesized serious adverse events deriving from
a biological entity mostly acting systemically.
Dothel G, Raschi E, Rimondini R, De Ponti F. Mesenchymal
stromal cell-based therapy: Regulatory and translational
aspects in gastroenterology. World J Gastroenterol 2016;
22(41): 9057-9068 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i41/9057.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i41.9057

INTRODUCTION
Mesenchymal stromal cells (MSCs) were first isolated
from bone marrow as a population of adherent cells,
characterized by a non-phagocytic fibroblast-like
[1]
morphology . Later, MSCs were described in several
different tissues, (bone marrow-derived MSCs):
cartilage, adipose tissue (adipose-derived stem cells ASC), tendon and muscle.
The International Society for Cellular Therapy
established 3 minimum criteria that MSCs must fulfill
in vitro: (1) adherence to plastic; (2) expression of
specific surface antigens (CD73+, CD90+, CD105+,
CD34-, CD45-, CD11b-, CD14-, CD19-, CD79a, HLADR-); and (3) differentiation potential (osteogenic,
[1]
chondrogenic and adipogenic lineages) . Considering
this multi-lineage differentiation capacity, MSCs were
first considered as a therapeutic tool in bone and
cartilage diseases, aiming at tissue regeneration. Later,
hematopoietic stem cells (HSCs) transplantation was
tested in facilitating engraftment and treating steroidresistant acute-graft-versus-host disease.
More recently, the ability of MSCs to home and
promote tissue repair and counteract inflammatory
status prompted their investigation in a variety of
inflammatory immune-mediated disorders, with about
[2]
250 clinical studies already registered .
Therefore, it is not surprising that MSCs are being
extensively assessed as a possible therapy of intestinal
disorders where inflammation represents a key
pathophysiological feature, especially considering the
epidemiologic burden of inflammatory bowel diseases
(IBDs). There are three intriguing aspects that attract
interest and warrant further investigation to fully exploit
the potential therapeutic properties of MSCs.
First, it is widely accepted that MSCs do not per
se inhibit inflammation, but require activation by an
inflammatory environment in the host to produce

WJG|www.wjgnet.com

REGULATORY STATUS
From a regulatory standpoint, stem cells are regulated
both in Europe and United States under specific
legislation. In Europe, stem cells can only be used
under two regulatory frameworks: approved clinical
trial or compassionate use, according to the Regulation
1394/2007 of the European Parliament and of the
Council on advanced therapy medicinal products and
amending Directive 2001/83/EC.
Recently, the European Commission launched a
public stakeholder consultation on the draft “Guidelines
on Good Manufacturing Practice for Advanced Therapy
Medicinal Products (ATMPs)” (ending on 26 September
2016). The main purpose is to provide all the
requirements to assure identity/consistency, quality,
safety and efficacy in a way that takes advantage of
what has been learnt in the development of quality
standards of medicinal products of chemical origin,
taking into account the specific requirements of the
ATMP. Importantly, internal audit personnel, formally
designated as “quality personnel”, must certify several
steps of quality control and batch release. Special
provisions regard investigational ATMPs which may
be developed in academic or hospitals and cannot
ensure all the information required in conventional
procedures (e.g., potency). However, risk-based
approach and the application of good manufacturing
processes (GMP) are mandatory regardless the site of
production. Among other indications, blinding of the
cell characterization procedure is suggested in case
of investigational ATMPs, and special provisions are in
[11]
place for automated productions .
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Table 1 Across species comparison of the anti-inflammatory action of mesenchymal stromal cell-derived mediators and their
assumed validity as clinical biomarker
Bioactive
molecule
TSG-6

Mouse

Rat

G.pig

Pig

Human

Clinical
biomarker

Major mechanisms

Ref.

X

X

X

NA

X

X

[5,18,19,27,72-76]

NA

X

X

X

Reduction of IL-6, IFN-γ, and TNF-a,
induction of T-reg lymphocytes
Apoptosis of cytolytic lymphocytes,
IL-10 induction T-reg proliferation
Inhibition of effector lymphocytes
through IL-10
Macrophage conversion to M2
phenotype, NK cell inhibition, IDO
induction
T-reg lymphocyte Induction
T-reg induction
CD8+ lymphocyte inhibition

IDO
iNOS

X

X

PGE2

X

X

IL-10
TGF-β
PD-L1

X
X
X

X
X
X

X
X

X
X
X

X

X
X
X

X

[13,15,16,52,77]
[13,17]
[12,78-80]

[12,13,15,17,19,54,78]
[81-83]
[12]

Crosses: Major action/validity; NA: Not assessed; TSG6: Tumor necrosis factor-inducible gene 6 protein; IDO: Indoleamine 2,3-dioxygenase; iNOS: Nitric
oxide synthase; PGE2: Prostaglandin E2; TGF-β: Transforming growth factor-β; PD-L1: Programmed death-ligand 1; T-reg: Regulatory T lymphocytes.

[20]

with extracellular matrix rearrangement
and, more
[18]
recently, as an effector of MSCs . MSC-secreted
TSG-6 decreases NF-κB in macrophages, which in turn
[21]
secretes PGE-2 (Figure 1). Moreover, MSCs knocked
down for TSG-6 do not exert any therapeutic action.
Unfortunately, TSG-6 production in vitro is scarcely
achieved because of its tendency to form complexes
with hyaluronans. This finding is in line with the
observations of Sala and colleagues, who detected
the formation of intra-peritoneal TSG-6 mediated
aggregates of MSCs in a mouse model secreting IL-10.
As a consequence, the authors question the relevance
[19]
of MSC engraftment as a therapeutic mechanism .

PHARMACODYNAMIC ASPECTS BIOLOGICAL EFFECTS
The multifaceted immuno-modulating properties of
MSCs, capable of interacting with both the adaptive
and innate immune system, make them an attractive
source to restore immune homeostasis in the gut and
even coordinate tissue remodeling during the healing
process.
MSCs were demonstrated to inhibit in vitro dif
ferentiation of T lymphocytes into Th1 and Th17
cells, suppress cytotoxic T cells proliferation through
secretion of anti-proliferative soluble factors such as
hepatocyte growth factor (HGF), TGF-β, prostaglandin
E2, indoleamine 2,3-dioxygenase (IDO), nitric oxide
(NO) and heme-oxigenase-1 (HO-1). In addition,
MSCs possess the ability to polarize T cells towards
a regulatory phenotype, interfere with differentiation
and maturation of monocytes towards dendritic
cells, induce dendritic cells to acquire a tolerogenic
phenotype, and down-regulate NK activation (Table 1).
Taken together, these findings document the in
vitro properties of MSCs and strongly support their
[12]
anti-inflammatory mechanisms involved in IBDs .
Importantly, MSC production of IDO depends on
IFNγ or TNFα in combination with IL-1β. The latter in
turn catabolizes tryptophan producing kynurenins, a
[13,14]
potent T-reg lymphocyte inducer
. MSC-dependent
induction of IDO correlates with disease rating in
[15,16]
humans
and, to a lesser extent, in mice where
MSC anti-inflammatory action is mostly mediated by
[13,17]
iNOS
(Table 1). Notably, IDO or iNOS-mediated
MSC activity was recently shown to correlate with a
[13]
specific phylogenetic tree (Figure 1) .
Tumor necrosis factor-inducible gene 6 protein
(TSG-6) mediates MSC action in both mice and
[18,19]
humans
. Originally, this molecule was extensively
studied for its anti-inflammatory properties associated
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PHARMACOKINETICS ASPECTS BIODISTRIBUTION
Whether the anti-inflammatory properties of MSCs are
local or depend on the release of soluble mediators
[22,23]
from a distance is a matter of debate
.
Intravenous injection of MSCs has been thoroughly
investigated to test the claim that it can restore
[24-26]
tissue function after myocardial infarction
. During
the expansion phase in vitro, the size of cell bodies
tends to increase and this favors their entrapment
in microvessels and capillaries once they are
[23,27,28]
infused
. This phenomenon could explain the
extremely high percentage of MSCs localized in the
[18,26,29]
lung after intravenous injection
. Recently, mouse
models have confirmed the pulmonary localization
[30-33]
of MSCs
. Furthermore, infusion of MSCs led to
pulmonary parenchymal edema and hemorrhage
[34]
at the highest dose tested . Wang and colleagues
proposed an in silico approach to predict the time
course of the localization of MSCs after intravenous
[33]
injection in vivo . Notably, this analysis allowed to
calculate changes in MSC distribution occurring in
disease states entailing loss of function of specific
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APC

MSC acting at the
injured site

Intestinal epithelium
Engrafted
MSC

M2

M1

PGE2
TSG6

Humans,
non-human
primates, pigs

HGF, HO
TGF-β,
PD-L1

Th-4
CTL Th-1
Th-17

NK-cell

Th-8
NO

Kynurenine

IL-10, TGF-β
?

MICE,
rats, rabbits,
hamsters

Trp
IDO

T-reg proliferation

MSC remote
effect

iNOS

TSG6

Microvessel

MSC
clusters

Figure 1 Differences in mesenchymal stromal cell mechanisms of action across species: scheme representing engrafted mesenchymal stromal cell acting
at the injured site (upper side) and mesenchymal stromal cell acting at a distance as a reservoir of anti-inflammatory mediators (lower side). Several MSCdriven mechanisms concur to orientate activated lymphocytes toward the T-regulatory phenotype. TSG-6 enhances proliferation of T-reg lymphocytes and inhibits
secretion of pro-inflammatory cytokines by macrophages, the latter undergoing a phenotype shift toward the anti-inflammatory one (from M1 to M2) driven by MSCsecreted PGE2. PD-L1 mediate an anti-inflammatory action by cell-cell contact. MSC immunomodulation, acts primarily through the IDO-mediated mechanism in
humans, non-human primates, and pigs; while iNOS acts in mice, rats, hamsters and rabbits, inducing the T-reg proliferation through a mechanism that is still unclear;
TSG-6 is a common effector across species which is assumed to mediate both in situ and remote effects. MSC: Mesenchymal stromal cells; TSG6: Tumor necrosis
factor-inducible gene 6 protein; IDO: Indoleamine 2,3-dioxygenase; iNOS: Nitric oxide synthase; Trp: Tryptophan; PGE2: Prostaglandin E2; TGF-β: Transforming
growth factor-β; PD-L1: Programmed death-ligand 1; HO: Heme-oxigenase-1; HGF: Hepatocyte growth factor; APC: Antigen-presenting cell; T-reg: Regulatory T
lymphocytes; macr: Macrophage; M1-M2 macr. shift: Macrophage shift from M1 pro-inflammatory phenotype to M2 anti-inflammatory phenotype.
[36]

from resembling lymphocyte’s homing capacity .
In light of these findings, the real contribution of MSC
homing capacity to the overall immunomodulatory effect
is questionable since also pulmonary localization could
achieve similar effect. However, ongoing experimental
strategies aim at increasing the percentage of MSCs
which successfully evade pulmonary and kidney capillary
entrapment. As an example, homing receptor CXC-R4
[37]
was induced in MSCs by specific culture conditions or
[38]
viral transfection .
Certainly, in situ action of MSCs in large numbers
may represent an advantage in those therapies aimed
at tissue restitution after inflammation-induced injury.
In particular, local MSC administration was particularly
efficacious in the treatment of perianal fistula, a
[39]
complication of Crohn’s disease (CD) . In addition,
inhibition of pro-inflammatory cytokines and patients
activated T-cell apoptosis was described as a cell-to-

organs (e.g., heart failure). In line with other studies,
supply through the hepatic artery was then suggested
as an alternative route of administration to avoid lung
[23,33]
overload
.
Intraperitoneal injection of autologous and xeno
genic (human) MSCs provoked the formation of
clusters, which remained outside the site of injury
[19,30]
without impeding the antiinflammatory potential
.
Migration and homing are particularly elusive events,
either because their detection relies on in situ analysis
of functional chemokines and because they depend
on a phenotype which can be modified by the initial
[23]
phases of cell expansion . Importantly, compared
to normal tissue inflamed/injured tissues showed an
[7,35]
increased tendency to attract circulating MSCs
.
Cell engraftment was reported to be mediated by
[36]
VCAM-1 and p-selectin , whereas diapedesis and
extravasion are still unclear, but certainly they are far
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[16]

cell mediated mechanism of MSCs

.

type has been indicated as a reliable mechanism
in clinical studies; therefore the rate of tryptophan
catabolism by increased concentration of kynurenin
might be of value as a biomarker, or in alternative,
serum concentration of IDO (Table 1).
On the contrary, clinical studies on TSG-6 serum
concentrations after infusion of MSCs are still lacking.
Concomitant observations by different research groups
showed inconsistent levels of MSC-secreted TSG-6,
[18]
which could depend on different culture conditions .
Therefore, this could lead to consider TSG-6 as a
biomarker of efficacy of MSC preparation rather than
a clinical biomarker, together with IDO or even a novel
[16,52]
bioactive compound per se
.

Methods for sorting, expansion
and storage: application of GMP
Differently from murine MSCs, which undergo
rapid senescence, human MSCs can be maintained
[40]
and expanded in vitro after multiple passages .
Number of cells plated, serum and number of
passages can markedly influence MSC phenotype
and immunomodulatory activity, the latter causing
cellular senescence by different mechanisms, the
most important of which is shortening of telomeres. A
careful control of MSC phenotype during the expansion
phase can avoid development of transformed and
[41]
oncogenic MSC populations .
Cryogenic preservation represents an important
aspect to be taken into account to obtain positive
outcomes in clinical trials and reproducibility of
preclinical studies. Enhanced immunomodulation was
reported to be linked to “fresh” MSC preparations
[42]
compared to cryo-conserved MSC batches . In
contrast, Luetzkendorf and colleagues extensively
demonstrated an intact phenotype after MSC thawing
under GMP conditions and a similar activity in the
[43,44]
leukocyte proliferation assay
. Higher rate of MSC
proliferation can be achieved with hypoxic conditions
in culture, so as to reproduce the niche environment,
whereas IFNγ/IFNγ + IL1-β pretreatment enhance IDO[16,43,44]
mediated T-reg expansion
.
Recent efforts were focused on innovative methods
for MSC expansions, which apply microcarriers to
increase the surface for cell adhesion in bioreactors.
This apparatus allows the large-scale production needed
[45-48]
for the formulation of commercial products
. The
application of this novel technology highlighted the
need for further standard in-culture conditions aimed
at stabilizing MSC phenotype. These include medium
[49]
flow rate, sheer tension
and cell-microcarrier
[50]
interactions .
Finally, since MSC cultures are generally prone to
be contaminated by leukocytes and because of the
markedly unstable phenotype of MSCs under different
lab methodologies, a number of recommendations
has been released on the use of MSCs for therapeutic
[44,51]
purposes
.

MSC APPLICATION IN INTESTINAL
DISEASES
Animal models of colitis transferred with human MSCs
or autologous MSCs show marked improvement of
bowel wall architecture and the overall immunological
[7,19,31,32,40,53-56]
parameters
. However, given the afore
mentioned species-specific differences with rodents,
shared biomarkers such as TSG-6 should be evaluated
for further proof of concept studies. Moreover, the
dinitrobenzene (DNBS) or TNBS model should be
preferred over the dextran sodium sulphate (DSS)
model for investigational studies on acquired immunity,
since the former mimics more closely features of human
[57]
chronic inflammation .

CLINICAL EVIDENCE: A CRITICAL
APPRAISAL
Inflammatory bowel diseases (IBD) are characterized by
chronic recurrent intestinal inflammatory episodes and
an exaggerated immune response to luminal antigens.
IBD include ulcerative colitis, where inflammation
is localized to the colonic mucosa, and CD, where
inflammation extends to the entire intestinal tract with
[58]
focal mucosal inflammation . Complications of CD
include transmural inflammation, fistula, bowel wall
thickening/strictures and extra-intestinal inflammatory
manifestations. As IBD entails aberrant cell-mediated
immune response, MSC-based therapy is increasingly
considered as a potentially valuable therapeutic
strategy.
At present, HSCs and MSCs have been tested in
several clinical trials, although with unpredictable and
[59,60]
partially conflicting results
. Clinical experience on
the use of HSCs is limited, with transient benefit in
severe refractory CD, and hampered by toxicities, thus
suggesting that this procedure has to be performed in
[61]
highly experienced centers . A recent first-in-human
safety trial (single infusion of autologous bone marrowderived mesenchymal stromal cells in 12 subjects with

BIOMARKERS IN THE DEVELOPMENT OF
MSC-BASED THERAPY
Due to the multiplicity of ligand-receptors systems and
indirect mechanisms of action entailed in cell-based
therapies, classical pharmacological standards are
hardly applicable.
Considering systemic treatments, IDO-mediated
serological shift of T-cells toward a regulatory pheno

WJG|www.wjgnet.com

9061

November 7, 2016|Volume 22|Issue 41|

Dothel G et al . Mesenchymal stromal cells and intestinal diseases
CD using three doses in the range of 2-10 millions of
cells/kg BW) was partly reassuring on feasibility and
safety aspects. Only two patients experienced serious
events that were possibly related to MSC infusion
(appendicitis and C. difficile colitis). Five patients
required hospitalizations likely due to the moderate to
severe nature of their underlying CD and not the MSC
[52]
infusions .
Two major instances of MSC-based therapies must
be faced in future clinical trials: safety and efficacy
of allogeneic MSC preparations, which would avoid
the time-consuming phase of cell expansion before
injection, and the possible unwanted interactions with
the patients’ ongoing therapies, i.e., biological agents
and other immunomodulators. Indeed, previous
trials on perianal fistulas in CD enrolled patients
refractory to standard therapies. Initial trials required
discontinuation of immunomodulators, whereas the
latest studies allowed continuation of therapy if the
dose was maintained stable for several months. Some
authors have envisioned an adjuvant role of MSCs to
[62]
control residual fistulas . In this regard, encouraging
results come from the positive outcomes of a recent
phase Ⅲ trial on efficacy and safety of allogeneic ASC
treatment of patients with refractory CD and complex
perianal fistula. Local injection of allogeneic ASC
shortened time to remission over placebo. Importantly,
the study also addressed efficacy and safety parameters
with concomitant anti-TNFα therapy, immunomodulators
(i.e., azathioprine, 6-mercaptopurine, methotrexate) or
[63]
antibiotics (i.e. ciprofloxacin or metronidazole) (Table
2). Another ongoing trial generating much expectation
is the phase Ⅲ placebo-controlled double-blind study
®
of Prochymal (intra-venous injection of allogeneic
BM-MSCs) in CD, which plans to enroll 330 patients
receiving four infusions over 2 wk of 600-1.2 million
[64]
cells: results are expected by 2018 .
The body of evidence on the potential of MSCs
is remarkable, but with conflicting results in terms
of efficacy, especially for systemic administration
[39]
in luminal IBD . In this context, there are some
unresolved clinical issues.
First, safety is still a matter of debate, especially
in the long term. The primary concern is the potential
malignant transformation of the administered cells.
However, a recent meta-analysis partly reassured the
scientific community by showing that malignancies
occurred only in patients with previous or current
[65]
malignancies, with no formation of de novo tumors .
Table 2 provides a synopsis of published clinical studies
using MSCs in refractory CD or perianal fistulizing CD,
with a focus on safety aspects.
Second, MSC administration, in terms of route, dose
and type, deserves optimization. In particular, dose
selection is crucial to find the right balance between
efficacy and safety. Initial open-label trials used doses
7
up to 3 × 10 cells. Subsequently, the amount of
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cells increased aiming at improving outcomes on the
basis of the portion of intestinal tract to be treated
7
[66]
(10 cells). Notably, in the study by Molendijk et al ,
patients were randomized to receive 3 different doses
7
7
7
(1 × 10 , 3 × 10 , 9 × 10 ) or placebo, with those
7
assigned to the 3 × 10 arm experiencing the best
response rate. This further emphasizes the complex
nature of MSCs as biotechnological products, which do
not strictly follow the general pharmacokinetic rules
in terms of dose-response. In addition, there is an
urgent need to share uniform protocols and increase
reproducibility and consistency of data.

FUTURE PERSPECTIVES AND
CONCLUDING REMARKS
The purpose of investigating the extracellular products
of MSCs is twofold: to clarify their mechanism of action
and, more importantly, to evaluate the efficacy of MSC
mediators per se, so as to avoid whole-cell infusion.
Apart from the importance of deepening the knowledge
on MSC nature, an emerging interest surrounds
[67]
MSC-secreted micro-mRNA (miRNA)
as a possible
[68]
therapeutic option in pulmonary hypertension . The
same molecules regulate toll-like receptors (TLR)
expression in MSC stimulated with bacterial derived
[69]
lipopolysaccharide . Further studies are warranted
[70]
to clarify mechanisms of TLR4 expression of MSCs ,
especially in light of its role in the tolerogenic pathways
of the intestinal immune homeostasis.
The use of MSC exosomes/extracellular vesicles
is increasingly under study. These were proven to
be effective in reducing NF-κB activity and the level
[6]
of pro-inflammatory cytokines in a TNBS rat model .
Furthermore, MSC supernatants evoked an antiinflammatory response and an overall improvement
of bowel wall architecture in both DSS and TNBS rat
[71]
models . The same study suggested the intraperitoneal
route as more effective, and a panel of candidate
bioactive compounds derived from MSCs.
In conclusion, MSC-based therapies can make a
step forward through strategies that: (1) enhance
immunomodulatory phenotypes and cellular yields
for large-scale production (for heterologous MSCbased therapy); (2) use animal models showing
phylogenetic consistency for proof of concept studies
on MSC mechanisms of action; (3) prefer a route
of administration with no pulmonary or kidney MSC
retention; (4) enhance MSC engraftment at the
intestinal injured site, especially for those pathological
conditions requiring cell replacement and mucosal/
whole tissue healing; and (5); maintain standard cell
markers favoring application of heterologous therapy.
Finally, deepening the knowledge on MSC physiology
could pave the way for novel pharmacological
strategies based on MSC mediators.
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Open-label,
multicenter,
phase 2

Garcia-Olmo
et al[85] (2009)

9 patients
aged 32-46

Patients
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Open-label
phase 2

Open-label
phase 1/2a

de la Portilla
et al[90] (2013)

Multicenter
randomized
single-blind
Phase 3 +
observational

Lee et al[89]
(2013)

Herreros et
al[88] (2012)

Assessment
and follow-up

Cryptoglandular complex fistula-in-ano
(without CD)

1, 4 and 12, 14
24, 26, 48 wk

Diagnosis of CD at least 5 years before,
Weekly
unresponsive to medical treatment and
follow-up for
unsuccessfully treated by classic surgery at the first 8 wk,
least twice
then monthly
follow-up up
max 30 mo
Complex perianal fistula (either of
Week 8, 16
cryptoglandular origin or associated
and then at
with CD). In patients with CD,
3-mo interval
immunomodulators were used
up to 12
continuously for at least six months and
months
stable for more than eight weeks
Patients with CD unresponsive to or
3, 6 and 12 mo
unsuitable for all previous medical
treatment including biological agents or
unsuccessfully treated by surgery
Patients enrolled in previous phase 2 study
8 wk, 1 yr
receiving at least one ASC administration

Disease duration and characteristics

24 patients
with mean
age = 36

Diagnosis of CD at least 12 mo before,
presence of persistent and active complex
perianal fistula with less than three
fistulous tracts and/or external opening,
non-active luminal CD; no treatment with
infliximab or any other anti-TNF agent
in the previous 8 wk or tacrolimus or
cyclosporine in the previous 4 wk

10, 12, 22, 24
wk

43 patients Perianal fistulae with CD in patients not 4, 6 and 8 wk,
with mean treated with infliximab within 3 mo prior to
10 mo
age = 26
ASC

200
patients
with mean
age = 50

24 patients
with mean
age = 52
received
ASC+fibrin
glue
Ciccocioppo et Prospective 12 patients
al[86] (2011)
study
aged 16-44
(two drop
outs)
Guadalajara et Retrospective 24 patients
al[87] (2012)
follow up of with mean
phase 2
age = 42

Phase 1

Study design

García-Olmo
et al[84] (2005)

Ref.
Not specified

Incidence of adverse events and
serious adverse events

2-4 × 107

Safety outcomes (terminology)

3-30 × 106

Dose

11 adverse events (at week 8), of which two were SAEs,
but unrelated to ASC administration. In the following
phase, 9 adverse event (perianal sepsis), unrelated to
ASC administration

No immediate adverse reactions (e.g., anaphylaxis,
allergic reactions) were observed in any of the cases
studied

Key safety results

Autologous Median 20 × Changes in vital signs and adverse
No changes in vital signs and no adverse events were
BM-MSC
106
reactions during the first 6 h after recorded during the procedure and up to the end of the
each cellular treatment, and during
6-h observation time, or during the 12-mo follow-up
the following 12-month follow-up
period
Autologous Not specified Number of adverse events since
Ischiorectal abscess (patient treated with fibrin glue
ASC
the final visit of the phase II study alone) and a perianal abscess (patient treated with ASCs
(serious or not, severity, causality) plus fibrin glue), both toxicity grade I and unrelated to
the study treatment. These events occurred at 13 and 21
mo after the original treatment, respectively
Autologous 2 × 107 (±
Incidence of adverse events and
Approximately 85%-90% of patients experienced an
ASC
fibrin glue)
SAEs
adverse event, but most of these were nonserious. There
were 17 different AEs reported in more than 5% of the
cases. The most frequent AEs were proctalgia (43.7%),
abscess drainage (22.4%), pain (13.7%), perianal abscess
(13.1%), pyrexia (0.3%), swelling (6.6%), and pruritus
(6.6%). There were no statistically significant differences
within groups. There were 37 SAEs in 30 patients. All but
4 SAEs were unrelated to study treatment
Autologous Depending Systemic tolerance, adverse events
Post-operative pain (60%), anal pain (19%) and anal
ASC
on the fistula
and SAEs
bleeding (7%), unrelated to ASC administration. One
(mean from
hospitalization for vitamin B12 deficit; two grade 3/4
15 to 19 ×
events (exacerbation of disease and peritonitis), unrelated
107)
to ASC administration
Allogeneic 2 × 107 (up to Incidence of treatment emergent 32 treatment-emergent adverse events during the study,
ASC
4 × 107 if no
adverse events
the majority of which were of mild to moderate intensity.
effect)
Five treatment-related AEs were reported: “anal abscess”
(3 patients), “pyrexia” (1), and “uterine leiomyoma”
(1). Only two SAEs: “pyrexia” and “perianal abscess”,
considered to be possibly related to the study treatment
and both patients were withdrawn from the study

Autologous
ASC

Autologous
ASC

Source of
cells

Table 2 Synopsis of published clinical studies using mesenchymal stromal cells in perianal fistulizing and/or refractory Crohn’s disease
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Retrospective
analysis of
1-year follow
up phase 2

Observational

Phase 2,
double-blind,
placebocontrolled,
randomized
study

Cho et al[93]
(2015)

Garcia-Olmo
et al[62] (2015)

Molendijk et
al[66] (2015)

9064

Phase 3,
107
randomized,
patients,
placebomean age =
controlled trial
39

Panés et al[63]
(2016)

12 mo until 5 Autologous Not specified Systemic tolerance, adverse events
23 adverse events, mainly consisting of abdominal
yr
BM-MSC
and SAEs, as specified in the
pain, headache, anal inflammation, diarrhea, erythema,
Medical Dictionary for Regulatory
nausea, and fever. All AEs were consistent with
Activities terminology
exacerbation of the primary disease, but cholecystectomy
due to the presence of gallstones. None was attributed to
MSC therapy, and no evidence of tumor development or
opportunistic infection
Perianal fistula associated with CD
Weeks 8,
Autologous 1, 2 and 4 ×
Adverse events reported after
13 adverse events were reported in seven patients (70%).
months 4,6
ASC
107 to 40 × 107
injection with ASCs, serious
The adverse events, which were mild or moderate in
and 8
adverse events during study period, severity, were not related to study drug. There were no
and laboratory toxicity observed
grade 3 or 4 adverse events and no laboratory toxicity
after injection with ASCs. (CTCAE
greater than grade 3 in this study. Adverse events
version 3.0)
reported in two or more patients included pain (n =
3) and diarrhea (n = 2). During the study period, two
patients reported three SAEs of grade 2 (enterocolitis,
seton application, and infliximab administration for
new fistulas unrelated to the target fistula) requiring
hospitalization
Average duration of CD of 58 mo
2 yr
Autologous Average 16.4 Systemic tolerance, adverse events, 53 adverse events were reported in 30 patients (73.2%),
ASC
× 107
SAEs
the most common being abdominal pain (17.1%);
eczema and exacerbation of disease (9.8%) and anal
inflammation, diarrhea, and fever (7.3%). None was
related to MSC administration
Recurrent perianal fistulae who previously Week 8 and Autologous Not specified
Not specified
No adverse reactions or complications related to MSC
undergone at least three surgical
year 1
ASC
administration
interventions
Actively draining perianal fistulizing
6, 12, and 24 Allogeneic 1, 3 and 9 ×
Primary endpoint: incidence of
No infusion reactions; one patient 2 developed fever 6
CD (diagnosis at least 3 months before
wk
BM-MSC
107
serious adverse events at week 12.
h after surgery. One patient in each group developed
enrollment) refractory to conventional
(CTCAE, version 3.0). Secondary
a perianal abscess that required surgical drainage.
therapies
end point: incidence of surgical Reported adverse events: n = 17 (group 1, n = 5), 9 (group
intervention and infections at week
2, n = 5), 10 (group 3, n = 5), 14 (placebo, n = 5). One
12 and 24
patient (1 × 107) developed an adenocarcinoma of the
cecum with peritoneal carcinomatosis > 15 mo after the
surgical intervention
Established CD for at least 3 mo refractory 1, 5 and 9 wk Autologous 2, 5 and 10 ×
Changes in respiratory or
No patient developed significant infusion reaction. SAEs
to conventional therapies (lack of response after infusion BM-MSC
106
cardiovascular parameters during
in 7 patients, of which 2 likely to be related to MSC
to immunomodulators and/or biologics for
the 1 h infusion and for 4 h after.
administration: appendicitis (with appendectomy 9 d
at least 3 mo)
Temperature, heart rate, mean
after infusion and complete colectomy for medically
arterial pressure and respiratory refractory CD after 120 d) and C. difficile colitis (30 d after
rate assessed at 15 min, 30 min, 1 h,
infusion)
2 h, 3 h and 4 h
Actively draining perianal fistulizing CD
24 wk after Allogeneic
12 × 106
TEAEs (MedDRA version 17.0)
18 patients of the ASC treated group vs 30 of 107 in the
refractory to conventional therapies
local injection
ASC
placebo group developed treatment-related adverse
events, (anal abscess and proctalgia)

Refractory CD or inability to undergo
standard therapies

SAEs: Serious adverse events; TEAEs: Treatments emergent adverse events; ASC: Adipose-derived stem cells; CD: Crohn’s disease; MSC: Mesenchymal stromal cells; BM-MSC: Bone Marrow derived mesenchymal stromal cells.
CTCAE: Common Terminology Criteria for Adverse Events; MedDRA: Medical Dictionary for Regulatory Activities.

Phase 1 safety
trial

Dhere et al[52]
(2016)

18-52

> 18

28-76

42 patients
with mean
age = 26

Open-label, 10 patients
multicenter, with mean
dose-escalation age = 26
phase 1

8 patients
with
median
age = 37

Cho et al[92]
(2013)

Ciccocioppo et 5-year follow
al[91] (2015)
up of an openlabel phase 2
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Genetic alterations in hepatocellular carcinoma: An update
Zhao-Shan Niu, Xiao-Jun Niu, Wen-Hong Wang

Abstract

Zhao-Shan Niu, Laboratory of Micromorphology, School of
Basic Medicine, Medical Department of Qingdao University,
Qingdao 266071, Shandong Province, China

Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related deaths worldwide. Although
recent advances in therapeutic approaches for treating
HCC have improved the prognoses of patients with HCC,
this cancer is still associated with a poor survival rate
mainly due to late diagnosis. Therefore, a diagnosis
must be made sufficiently early to perform curative
and effective treatments. There is a need for a deeper
understanding of the molecular mechanisms underlying
the initiation and progression of HCC because these
mechanisms are critical for making early diagnoses and
developing novel therapeutic strategies. Over the past
decade, much progress has been made in elucidating the
molecular mechanisms underlying hepatocarcinogenesis.
In particular, recent advances in next-generation
sequencing technologies have revealed numerous
genetic alterations, including recurrently mutated genes
and dysregulated signaling pathways in HCC. A better
understanding of the genetic alterations in HCC could
contribute to identifying potential driver mutations and
discovering novel therapeutic targets in the future. In this
article, we summarize the current advances in research
on the genetic alterations, including genomic instability,
single-nucleotide polymorphisms, somatic mutations
and deregulated signaling pathways, implicated in the
initiation and progression of HCC. We also attempt to
elucidate some of the genetic mechanisms that con
tribute to making early diagnoses of and developing
molecularly targeted therapies for HCC.

Xiao-Jun Niu, Oncology Specialty, Medical Department of
Qingdao University, Qingdao 266071, Shandong Province, China
Wen-Hong Wang, Department of Pathology, School of Basic
Medicine, Medical Department of Qingdao University, Qingdao
266071, Shandong Province, China
Author contributions: Niu ZS designed the study and wrote the
manuscript; Niu XJ and Wang WH searched the literature for the
latest developments in the field.
Conflict-of-interest statement: The authors declare no conflict
of 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/
Manuscript source: Invited manuscript
Correspondence to: Zhao-Shan Niu, MD, Laboratory of
Micromorphology, School of Basic Medicine, Medical Department
of Qingdao University, Room 201, Building Boya, 308 Ningxia
Road, Qingdao 266071, Shandong Province,
China. niumiao1993@hotmail.com
Telephone: +86-532-83780012
Fax: +86-532-83780012

Key words: Genetic alterations; Chromosomal instability;
Somatic mutations; Signaling pathways; Hepatocellular
carcinoma

Received: August 18, 2016
Peer-review started: August 19, 2016
First decision: September 6, 2016
Revised: September 20, 2016
Accepted: October 19, 2016
Article in press: October 19, 2016
Published online: November 7, 2016

WJG|www.wjgnet.com

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) is one of the
leading causes of cancer-related deaths worldwide.
The poor survival rate is mainly due to late diagnosis of
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new level of complexity to our understanding of
hepatocarcinogenesis. However, despite many re
maining challenges, substantial progress has been
made in this field. As in other solid cancers, numerous
genetic alterations accumulate during the process of
hepatocarcinogenesis. Genetic alterations accumulate
slowly in a limited number of genes and chromosomal
loci during the early preneoplastic stage and accelerate
throughout dysplasia and into the development of
[7]
HCC . Previous studies have shown that the incidence
of genetic alterations in HCC is relatively rare and
[8]
limited to a subset of a few cancer-specific genes .
Encouragingly, functional genomic approaches that
have been applied in recent years, such as arraybased comparative genomic hybridization, genomewide association studies (GWAS) and next-generation
sequencing (NGS), have advanced our understanding of
the genetic basis of HCC. Specifically, recent advances
in NGS technologies have identified major cancerdriving genes and associated oncogenic signaling
pathways that play important roles in the initiation and
progression of HCC.
It is known that HCC cells are extremely resistant
to almost all conventional chemotherapeutic drugs,
and until now, there have been only a limited number
of chemotherapeutic agents available for the treat
ment of patients with HCC, especially those with
advanced, unresectable cancer. Currently, oncologists
are testing novel, molecularly targeted agents for
treating HCC. Therefore, in an era of precision cancer
medicine, monitoring clinically relevant genetic altera
tions is important for stratifying patients for targeted
[9]
therapies .
The molecular mechanisms leading to the deve
lopment of HCC are extremely complicated and consist of
[10]
prominent genetic and epigenetic alterations . Although
it has been widely accepted that epigenetic alterations
also play a significant role in hepatocarcinogenesis,
this topic is beyond the scope of this article. Instead,
in this article, we focus on the current advances
in understanding the genetic alterations, including
genomic instability, single-nucleotide polymorphisms
(SNPs), somatic mutations, and the deregulated
signaling pathways implicated in the initiation and
progression of HCC. We also attempt to elucidate some
of the underlying genetic mechanisms, which could
contribute to making early diagnoses of and developing
molecularly targeted therapies for HCC. The impact of
genetic alterations on hepatocarcinogenesis is presented
in Figure 1.

HCC. Elucidating the molecular mechanisms underlying
hepatocarcinogenesis is critical for making early
diagnoses of and developing targeted therapies for HCC.
Recent studies on HCC using deep sequencing have
provided increasing lines of evidence indicating that
genetic alterations play important roles in the initiation
and progression of HCC, which are summarized in this
article. We also attempt to elucidate some of the genetic
mechanisms underlying HCC, which may help in making
early diagnoses of and developing molecularly targeted
therapies for this disease.
Niu ZS, Niu XJ, Wang WH. Genetic alterations in hepatocellular
carcinoma: An update. World J Gastroenterol 2016; 22(41):
9069-9095 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i41/9069.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i41.9069

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the third leading cause
[1]
of cancer-related deaths . HCC has a high incidence
rate, and patients with this disease have a poor pro
gnosis. Rising incidence and mortality rates for HCC
have been observed in most countries, particularly in
[2]
eastern/south-eastern Asia and in Africa . Currently,
it is generally accepted that persistent hepatitis B
virus (HBV) and hepatitis C virus (HCV) infections are
the primary causes of chronic liver disease leading to
liver cirrhosis and HCC. Aflatoxin B1 (AFB1) exposure
and chronic alcohol abuse are also important risk
[2]
factors for developing HCC . Despite improved
overall survival (OS) rates among patients with HCC
due to advancements in surgical techniques, 5-year
[3]
OS remains low at 18% . The survival rate of HCC
patients is poor because most patients cannot be
treated by surgical resections or liver transplantation
(LT), mainly due to late diagnosis. In addition, HCC
is associated with a high recurrence rate, which
[4]
exceeds 50% at 5 years after surgery . Therefore,
the early detection of HCC is urgently needed to
perform curative and effective treatments and to
improve long-term survival rates. There is a need for
a deeper understanding of the molecular mechanisms
underlying the initiation and progression of HCC
because this understanding is critical to making early
diagnoses and developing novel therapeutic strategies.
It is widely accepted that carcinogenesis is a
multistep process triggered by the accumulation
of genetic alterations that activate different signal
transduction pathways and drive the progressive
[5,6]
transformation of normal cells into malignant cells .
The precise molecular mechanisms underlying the
initiation and progression of HCC remain obscure.
The phenotypic (morphological and microscopic)
and genetic heterogeneity of HCCs also adds a
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GENOMIC INSTABILITY
Genomic instability (also known as “genetic instability”
or “genome instability”) is defined as a high frequency
of mutations within the genome, including changes in
nucleic acid sequences, chromosomal rearrangements,
[11]
or aneuploidy . However, it remains unclear whether
genomic instability is a cause or a consequence of
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Figure 1 The impact of genetic alterations on hepatocarcinogenesis. Genetic alterations in hepatocarcinogenesis are connected to underlying etiologies, such as
HBV, HCV, dietary AFB1 exposure and alcohol intake. Genomic instability accumulates slowly in a limited number of genes during the early preneoplastic stage, such
as the development of cirrhosis, and the accumulation of genetic and epigenetic alterations accelerates throughout the formation of preneoplastic lesions, such as
LGDNs and HGDNs, and into the development HCC; HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFB1: Aflatoxin B1; LGDN: Low grade dysplastic nodule; HGDN:
High grade dysplastic nodule; HCC: Hepatocellular carcinoma; CIN: Chromosomal instability; MSI: Microsatellite instability; TERT: Telomerase reverse-transcriptase;
ARID1A: AT-rich interactive domain-containing protein 1A; ARID2: AT-rich interactive domain-containing protein 2; NFE2L2 or NRF2: Nuclear factor erythroid-derived
2-like 2; KEAP1: Kelch-like ECH-associated protein 1; JAK1: Janus kinase 1; RPS6KA3: Ribosomal protein S6 kinase polypeptide 3.
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Table 1 The characteristics of chromosomal instability and possible correlations with clinical and pathological parameters in
hepatocellular carcinoma discussed in this review
Chromosome

Type of aberration

1q21
1q21-23
1q21-q22
1q21.1-q23.2

Gain
Gain
Gain
Gain

1q22-23.1
1q24.1-24.2
8q24.21-24.22
8q21.13
8q22.3
8q24.3

Gain
Gain
Gain
Gain
Gain
Gain

7q21.3
4q34.3-35
4q13.3-q35.2

Gain
LOH
LOH

8p

LOH

8p22-p23

LOH

D4S2964
6q26-q27

LOH
LOH

Targeted genes

Correlations with clinical and
pathological parameters

CHD1L, CKS1B, JTB, SHC1
Progression of HCC
Early development
Metastasis
BCL9, ARNT, TPM3, MUC1, NTRK1 Poorly differentiated HCV-associated
HCC
CD1d
Diagnosis and prognosis
MPZL1
Intrahepatic metastasis
MYC, DDEF1, MLZE
Prognosis (DFS and OS)
HEY1
Proliferation
CTHRC1
Aggressive HCC
BOP1
Advanced-stage HCC, microvascular
invasion and shorter DFS
SGCE, DYNC1I1, PEG10
Hepatocarcinogenesis
ING2
Progression
ADH4, ADH1C, ADH1A, ADH6
HBV- and AFB1-related HCC
carcinogenesis
DLC1, CCDC25, ELP3, PROSC,
Early stage of hepatocarcinogenesis,
SH2D4A, SORBS3
poor outcomes
MCPH1, KIAA1456, TUSC3,
Metastasis and prognosis
ZDHHC2
ARD1B, SEPT11
Prognosis (OS)
M6P/IGF2R
Poor outcomes

Ref.
Hyeon et al[43]
Yim et al[40]
Wang et al[41]
Liu et al[42]
Zhang et al[44]
Jia et al[45]
Pedica et al[47]
Jia et al[37]
Tameda et al[48]
Chung et al[50]
Tsuji et al[51]
Zhang et al[56]
Qi et al[58]
Tornillo et al[59]; Roessler et al[30]
Peng et al[62]
Huang et al[63]
Jang et al[64]

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFB1: Aflatoxin B1; DFS: Disease-free survival; OS: Overall survival;
CHD1L: Chromodomain helicase/ATPase DNA binding protein 1-like; CKS1B: Cyclin-dependent kinases regulatory subunit 1; JTB: Jumping translocation
breakpoint; SHC1: SHC-transforming protein 1; BCL9: B-cell CLL/lymphoma 9 protein; ARNT: Aryl hydrocarbon receptor nuclear translocator; TPM3:
Tropomyosin alpha-3 chain; MUC1: Mucin 1; NTRK1: Neurotrophic tyrosine kinase receptor type 1; CD1d: Antigen-presenting glycoprotein; MPZL1:
Myelin protein zero-like protein 1; MYC: Myelocytomatosis viral oncogene; DDEF1: Arf-GAP with SH3 domain, ANK repeat and PH domain-containing
protein 1; MLZE: Human melanomaderived leucine zipper extra-nuclear factor; HEY1: YRPW motif protein 1; CTHRC1: Collagen triple helix repeat
containing 1; BOP1: Block of proliferation 1; SGCE: Epsilon-sarcoglycan; DYNC1I1: Cytoplasmic dynein 1 intermediate chain 1; PEG10: Parternal express
gene 10; ING2: Interferon regulatory factor 2; ADH4: Alcohol dehydrogenase 4; ADH1C: Alcohol dehydrogenase 1C; ADH1A: Alcohol dehydrogenase 1A;
ADH6: Alcohol dehydrogenase 6; DLC1: Deleted in liver cancer 1; CCDC25: Coiled-coil domain-containing protein 25; ELP3: Longator complex protein 3P;
ROSC: Proline synthetase co-transcribed bacterial homolog; SH2D4A: SH2 domain-containing protein 4A; SORBS3: Sorbin and SH3 domain containing 3;
MCPH1: Microcephalin 1; KIAA1456: tRNA methyltransferase 9-like; TUSC3: Tumor suppressor candidate 3; ZDHHC2: DHHC-type containing 2; ARD1B:
ARD1 homolog B (S. cerevisiae); SEPT11: Mus musculus septin 11; M6P/IGF2R: Mannose 6-phosphate/insulin-like growth factor 2 receptor.

[21]

leading to an altered DNA copy number (aneuploidy) .
Structural CIN might involve only fractions of chro
mosomes, resulting in the gain or loss of chromosome
fragments, translocations, inversions, amplifications,
deletions and allelic loss [loss of heterozygosity
[22]
(LOH)] . CIN is a hallmark of human cancer and
is believed to contribute to tumorigenesis, tumor
progression, and the development of therapy resis
[20]
tance . In addition, it has been widely accepted
that CIN is associated with clinical and pathological
parameters in solid tumors, and CIN is one of the most
frequent abnormalities in HCC. The characteristics
of CIN and its possible correlations with clinical
and pathological parameters in HCC patients are
summarized in Table 1. In addition, we also review
the role of micronuclei, which are indicators of CIN,
and chromothripsis, which is a new class of complex
catastrophic chromosomal rearrangement.
DNA copy number alterations (CNAs) are impor
tant subclasses of somatic mutations, with aberrant
chromosomal regions of amplifications or deletions
commonly associated with overexpressed oncogenes
[23]
or the loss of tumor suppressor genes (TSGs) .

tumorigenesis. In recent years, accumulating evidence
has strongly indicated that genomic instability could
be a major driving force in tumorigenesis and the
[12-18]
development of cancer
. In neoplasms, genomic
instability can be broadly classified based on its origin
as chromosomal instability (CIN) or, less commonly,
[19]
microsatellite instability (MSI) . Currently, there
are many technologies that can be used to detect
genomic instability, including karyotyping, flow
cytometry, fluorescent in situ hybridization (FISH),
array comparative genome hybridization (aCGH),
high-density single-nucleotide polymorphism (SNP)
arrays, the random amplified polymorphic DNA (RAPD)
technique, and NGS technology.

Chromosomal instability

In cancer, aneuploidy is a consequence of an increased
rate of whole-chromosome missegregation during
mitosis, a process known as chromosomal instability
[20]
(CIN) . CIN usually involves both numerical and
structural chromosomal changes. Numerical CIN is
characterized by gross chromosomal abnormalities,
such as the gain or loss of whole chromosomes,
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[40]

Thus, CNAs can be used as an effective method
for identifying driver genes with causal roles in
[24]
carcinogenesis . Such alterations are related to
certain types of cancer, including HCC, and it is possible
that the identification of driver genes by means of
cancer-specific CNAs could provide new insights for
understanding the molecular mechanisms underlying
the initiation and progression of HCC. In particular,
the elucidation of the molecular roles of CNAs could
contribute to developing clinically relevant prognostic
and predictive markers and novel therapeutic targets
for treating HCC, which might ultimately be used in
personalized therapeutics. Currently, CNAs in HCC cells
are usually detected via conventional methods, such
as FISH, comparative genomic hybridization, aCGH
and SNP arrays. Lately, NGS technology has been
[25-27]
used to detect CNAs in several types of tumors
.
These studies have suggested that NGS has obvious
advantages in sensitivity, reliability and accuracy in
detecting CNAs relative to the use of aCGH and SNP
arrays. However, there is currently only one study that
[28]
has reported NGS-based CNAs detected in HCC .
Although the distribution of aberrant chromosomal
arms differs among HCCs, numerous studies have
shown, using aCGH data and SNP arrays, that certain
regions are frequently affected in HCC, including
gains in chromosomes 1q, 5p, 6p, 7q, 8q, 17q, and
20q and losses in 1p, 4q, 6q, 8p, 9p, 13q, 14q,
[28-33]
16p-q, 17p, 21p-q, and 22q
. These findings
[34]
reflect a high degree of CIN in HCC , contributing
to hepatocarcinogenesis. In addition, some of these
regions contain CNA-associated oncogenes or TSGs,
such asc-myelocytomatosis viral oncogene (c-myc)
(8q), cyclin A2 (4q), cyclin D1 (11q), retinoblastoma
1 (Rb1) (13q), axis inhibition protein 1 (AXIN1) (16p),
p53 (17p), mannose-6-phosphate receptor (IGFRII/
M6PR) (6q), p16 (9p), epithelial cadherin (E-cadherin)
(16q), suppressor of cytokine signaling (SOCS)
(16p), and phosphatase and tensin homolog (PTEN)
(10q), which have been identified to be associated
[35,36]
with HCC
. These findings could provide us with
information critical for understanding the genetic
events involved in the pathogenesis and progression of
HCC. However, studies employing unbiased genomewide searches for HCC driver genes have been limited,
[30]
particularly for genes related to cancer prognosis .
Hence, an integrated approach, such as a combined
analysis of CNAs and gene expression, might be
necessary to identify driver mutations.
A copy number gain at 1q is one of the most
frequently detected alterations in HCC (58%-86%),
and it has been suggested to be an early genomic
[37]
event in the development of HCC . Notably, the
region 1q21 is the most frequent minimal amplifying
[38]
region (MAR) . A research group showed that
1q21 was the most frequently amplified region in
chromosome 1q; its amplification was detected in
[39]
36 of 60 (60%) HCC specimens . In addition, a
gain in 1q21-23 was identified as a genomic event
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associated with the early development of HCC ,
and regional 1q21-q22 gains were found in 40% of
[41]
advanced metastatic HCC cases . In particular, a
gain of 1q21.1-q23.2 was significantly associated
with grades Ⅱ -Ⅳ HCC and moderately or poorly
differentiated HCV-associated HCCs. 1q21.1-q23.2
target genes encode five cancer genes: B-cell CLL/
lymphoma 9 protein (BCL9), aryl hydrocarbon receptor
nuclear translocator (ARNT), tropomyosin alpha-3
chain (TPM3), mucin 1 (MUC1), and neurotrophic
[42]
tyrosine kinase receptor type 1 (NTRK1) . These
findings indicate that 1q21 might harbor many
potential oncogenes, and the overexpression of these
genes via amplification plays an important role in
[38]
the pathogenesis of HCC . In recent years, several
research groups have focused on the identification
and characterization of 1q21 target genes, such as
chromodomain helicase/ATPase DNA binding protein
1-like (CHD1L), cyclin-dependent kinase regulatory
subunit 1 (CKS1B), jumping translocation breakpoint
(JTB) and SHC-transforming protein 1 (SHC1), in the
progression of HCC. Of these, CHD1L was shown to be
[39]
amplified and overexpressed in HCC cases . A recent
study found no nuclear immunoreactivity for CHD1L in
normal livers or dysplastic nodules (DNs). In contrast,
CHD1L expression in cases of HCC was significantly
associated with microvascular invasion, major portal
vein invasion, and higher American Joint Committee
[43]
on Cancer (AJCC) T stage values , suggesting that
CHD1L expression might not be an early event in
hepatocarcinogenesis, whereas it is an independent
predictor of lower disease-free survival (DFS) rates
in HCC patients after surgical resection. Given these
findings, it is vital to elucidate the roles of candidate
target genes within 1q21 amplicons in the initiation
and progression of HCC, which could contribute to our
understanding of HCC carcinogenesis.
In addition to chromosome 1q21, a novel potential
oncogene antigen-presenting glycoprotein (CD1d)
amplicon at 1q22-23.1 could be a potential target
[44]
for this amplicon in HCC . In addition, using an
integrated analysis of copy number and expression
profiling data, one recent study found that the
recurrent region of the 1q24.1-24.2 amplicon spe
cifically targets the myelin protein zero-like protein
1 (MPZL1) gene in HCC; the expression levels of
MPZL1 were positively correlated with the intrahepatic
[45]
metastasis of the HCC specimens .
Chromosome 8q is the second most frequen
tly amplified region in HCC. More specifically,
8q24.21-24.22 is the most frequently amplified region
in chromosome 8q, with amplification occurring in
53.4% of samples and targeting the known oncogenes
myelocytomatosis viral oncogene (MYC), Arf-GAP with
SH3 domain, ANK repeat and PH domain-containing
protein 1 (DDEF1), and human melanoma-derived
[45]
leucine zipper extra-nuclear factor (MLZE) . MYC has
been identified as a central regulator of malignant
[46]
transformations in early hepatocarcinogenesis , and
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[58]

c-myc gene amplification has also been found to be
significantly correlated with DFS and OS in patients
[47]
with HCC after surgical resection . These findings
suggest that c-myc gene amplification plays an
important role in the pathogenesis and progression
of HCC. Additionally, three other recurrent amplified
regions at chromosome 8q have been found: 8q21.13,
8q22.3, and 8q24.3. The 8q21.13 region targets the
hairy/enhancer-of-split related with YRPW motif protein
1 (HEY1), and functional experiments have shown
that the enhanced expression of HEY1 significantly
promotes the in vitro and in vivo proliferation of
[37]
HCC cells . The 8q22.3 region targets two genes:
collagen triple helix repeat containing 1 (CTHRC1)
and grainy head-like transcription factor 2 (GRHL2).
CTHRC1 has the potential to be a new biomarker of
[48]
aggressive HCC , while a gain in GRHL2 was found
[49]
to be associated with an early recurrence of HCC .
The 8q24.3 region contains several genes that could
be functionally related to HCC, including scribble
(SCRIB) and block of proliferation 1 (BOP1). It has
been reported that increased expression of BOP1 is
associated with advanced-stage HCC, microvascular
[50]
invasion and lower DFS .
Other amplifications include the 7q21.3 locus,
which might contribute to the development or
progression of HCC. Epsilon-sarcoglycan (SGCE),
cytoplasmic dynein 1 intermediate chain 1 (DYNC1I1)
and paternal express gene 10 (PEG10) have been
identified as putative oncogenes located within the
[51,52]
amplified 7q21.3 locus in HCC
. These results
indicate that the amplification of 7q21.3 might be
implicated in hepatocarcinogenesis.
The LOH is a marker of CIN that involves the
loss of one of the two alleles at one or more loci
[53]
in a heterozygote . The LOH is one of the main
mechanisms for the inactivation of TSGs, and the
identification and characterization of LOHs could
provide potential means for finding HCC-related TSGs.
The LOH is frequently observed on chromosomes 1p,
4q, 6q, 8p, 9p, 10q, 11p, 13q, 14q, 16q, and 17p
[54,55]
and is commonly observed in HCC patients
. Of
these, losses on 4q and 8p are the most frequent
chromosomal alterations in HCC.
The LOH at 4q has been reported to be strongly
correlated with increased in alpha-fetoprotein
[56]
(AFP) levels in HCC , and it has been found to be
significantly more frequently in poorly differentiated
[57]
HCCs . These results suggest that the inactivation of
TSGs on chromosome 4q might be a late progression
event that occurs after malignant transformation. Using
a high-throughput SNP array, 4q24-26 and 4q34.3-35
were found to be hot regions of chromosome 4q in
[56]
HCC . Three TSGs, including nei endonuclease VIIIlike 3 (NEIL3), interferon regulatory factor 2 (IRF2)
and inhibitor of growth family member 2 (ING2), are
located on chromosome 4q34.3-35, but only ING2 is a
[48]
potential TSG associated with HCC . In addition, the
loss of 4q13.3-q35.2 is related to both HBV- and AFB1-
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related HCC , suggesting that genetic abnormalities
in 4q13.3-q35.2 might play a role in both HBVand AFB1-related HCC carcinogenesis. Four TSGs,
including alcohol dehydrogenase 4 (ADH4), alcohol
dehydrogenase 1C (ADH1C), alcohol dehydrogenase
1A (ADH1A), and alcohol dehydrogenase 6 (ADH6),
[58]
are located in this region .
The LOH on chromosome 8p is one of the most
common alterations in HCC. A group of researchers
found that allelic losses on 8p were observed in high[59]
grade dysplastic nodules (HGDNs) , indicating
that these losses might occur in the early stage of
hepatocarcinogenesis. Chromosome 8p is rich in
candidate and validated TSGs, with a cluster of six
genes, including deleted in liver cancer 1 (DLC1),
coiled-coil domain-containing protein 25 (CCDC25),
elongator complex protein 3 (ELP3), proline synthetase
co-transcribed bacterial homolog (PROSC), SH2
domain-containing protein 4A (SH2D4A), and sorbin
and SH3 domain containing 3 (SORBS3), located
on chromosome 8p that have been deleted in HCC
[30]
samples from patients with poor outcomes . Notably,
numerous studies have revealed a high frequency for
[60,61]
LOH on 8p22-p23 in HCC
, and deletions of alleles
on 8p22-p23 have been found to be associated with
[56]
metastasis and poor prognoses for HCC patients .
Four specific genes - microcephalin 1 (MCPH1),
tRNA methyltransferase 9-like (KIAA1456), tumor
suppressor candidate 3 (TUSC3), and zinc finger,
DHHC-type containing 2 (ZDHHC2) - are located in
this region. Of these genes, a LOH for ZDHHC2 might
contribute to the early metastatic recurrence of HCC
[62]
after LT . These findings suggest that 8p22-p23
harbors numerous TSGs that play important roles
in the progression of HCC, which could contribute to
assessing the risk of metastasis and recurrence in HCC
patients.
In addition, a few recent studies have investigated
the associations between LOH for new TSGs and the
clinicopathological features of HCC. For example, LOH
in the genes ARD1 homolog B (S. cerevisiae) (ARD1B)
and Mus musculus septin 11 (SEPT11) were found to
[63]
be significant prognostic factors for poor OS , and
LOH in mannose 6-phosphate/insulin-like growth factor
2 receptor (M6P/IGF2R) was found to be predictive of
poor clinical outcomes in surgically resected primary
[64]
HCC patients .
In summary, the aforementioned findings provide
valuable information that could contribute to our
understanding of HCC carcinogenesis. However, there
are still many important LOH regions that must be
explored with regard to the genes that are involved
in carcinogenesis and their biological and clinical
[63]
implications .
MN are extra-nuclear bodies that contain damaged
chromosome fragments and/or whole chromosomes
that are not incorporated into the nucleus after cell
[65]
division . The frequency of MN is higher in tumor cells
and cells with defective DNA damage repair systems or
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[79]

disrupted cell cycle checkpoint machinery; hence, MN
[66,67]
could serve as indicators of CIN
. In one study, the
micronucleus index was found to gradually increase
along with the progression of hepatocarcinogenesis.
HCCs showed the highest micronucleus index values,
which were significantly greater than those of
[68]
HGDNs and DNs with HCC foci . In another study,
a progressively increasing number of MN were also
documented in the transition from cirrhotic nodules
(CNs) to large regenerative nodules (LRNs), DNs and
HCC; MN were significantly more frequent in DNs than
[69]
in CNs or LRNs . These results suggest that CIN
might occur in the early stage of hepatocarcinogenesis,
and HCC cells generally have acquired chromosomal
abnormalities; therefore, the degree of CIN could
increase during the progression of HCC.
Recently, chromothripsis has been identified using
whole-genome sequencing(WGS) as a new class of
complex catastrophic chromosomal rearrangement.
Chromothripsis is a single cellular crisis in which a
chromosome is broken and reassembled by a DNA
repair mechanism, resulting in a large number of
[70]
rearrangements clustered in a chromosomal region .
Although chromothripsis appears to be relatively
rare, it can be an extreme outcome of a mutagenic
mechanism that could be widespread in human
[71]
cancers . Furthermore, chromothripsis could affect
cancer gene function and thereby have a major
impact on the progression, prognosis, and therapeutic
[72]
response of cancer . To date, we are aware of only
one study that investigated the role of chromothripsis
in the incidence of HCC. In this study, chromothripsis
and CIN were found to recurrently affect chromosomal
arms 1q and 8q to create gene amplifications,
suggesting that chromothripsis might contribute to
[33]
hepatocarcinogenesis . It seems that more attention
should be paid to this concept.

recurrence , and the degree of MSI was significantly
correlated with the poor differentiation and portal vein
[80]
involvement of HCC . These findings suggest that
MSI could play a minor role in hepatocarcinogenesis
and might be associated with the progression of HCC
in patients with a background of chronic hepatitis and/
or cirrhosis.

SNPS
SNPs are the most common form of human genetic
polymorphisms that can contribute to an individual’s
susceptibility and progression to cancer. Accumulating
evidence suggests an association between SNPs in
[81]
certain genes and HCC susceptibility . GWAS have
emerged as a new approach for identifying less
penetrant cancer susceptibility alleles that might be
associated with the initiation and progression of cancer.
Recent GWAS have identified numerous SNPs
associated with the risk of HCC (Table 2); however, most
findings have been both conflicting and inconsistent.
For example, three researchers investigated whether
an SNP (rs17401966) of kinesin-like factor 1 B
(KIF1B) might be associated with the risk of HBVrelated HCC in Chinese individuals. One study found
[82]
that it was , but another study found that it was
[83]
not . A third study found that KIF1B alone was not
associated with the risk but that the gene-environment
interaction between the KIF1B variant and alcohol
[84]
consumption was associated with the risk of HCC .
These inconsistent findings could be attributed to a
lack of controlling for confounding variables, such
as epidemiological and environmental risk factors
in the first two studies. Therefore, it is important
to evaluate the role of KIF1B rs17401966 in the
genetic susceptibility to HCC and gene-environment
interactions. Interestingly, three studies found that
KIF1B rs17401966 was not associated with the
development of HBV-related HCC in Thai, Japanese,
[85-87]
and Saudi Arabian patients
, and two other studies
identified that KIF1B rs17401966 exerted protective
effects against the susceptibility to HBV-related
[88,89]
HCC in Chinese patients
. These inconsistencies
might partly be because different ethnicities or study
populations have distinct genetic architectures. In
another example, three GWAS identified that MHC
class Ⅰ polypeptide-relatedsequence A (MICA) and DEP
domain containing 5 (DEPDC5) SNPs were strongly
associated with HCC in Japanese populations with
[90-92]
chronic HCV infections
. However, two other studies
found that neither DEPDC5 rs1012068 nor MICA
rs2596542 was associated with HCC in Europeans with
[93]
chronic HCV infections
or in Chinese populations
[94]
with chronic HBV infections . The discrepancies
among these studies might be due to different study
[93]
designs
or to differences in the different racial/
ethnic groups. The inconsistent findings for HBVand HCV-related HCC suggest that whether SNPs in

MSI

MSI is the result of defects in mismatch repair
genes that leads to the expansion and contraction
[18]
of short nucleotide repeats called microsatellites .
Microsatellites are simple tandem repeats that are
present at millions of loci in the human genome. MSI
can result in the inactivation of TSGs or can disrupt
other noncoding regulatory sequences, thereby playing
[73]
a role in carcinogenesis . MSI has been described
in cirrhosis, mainly when cirrhosis is associated
[74,75]
with an HBV infection
. Recent limited data are
available on the incidence of MSI in HCCs. Several
studies have suggested that MSI might play a minor
[76,77]
role in hepatocarcinogenesis
. Furthermore, MSI
is not implicated in the pathogenesis of a subset of
HCCs affecting elderly patients without chronic liver
[78]
disease . Nevertheless, two studies have shown
that high levels of MSI (MSI-H > 30%) were signifi
cantly associated with more aggressive histological
tumor features and shorter median delays before
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Table 2 Summary of single-nucleotide polymorphisms associated with the risk of hepatocellular carcinoma identified from genomewide association studies
SNP

Etiology of HCC

Odds ratio (95%CI)

P value

Ref.

TPTE2
KIF1B
KIF1B

rs2880301
rs17401966
rs17401966

0.27 (0.19-0.39)
0.61 (0.55-0.67)
2.36 (1.49-3.74)

1.74 × 10-12
1.70 × 10-18

Clifford et al[96]
Zhang et al[82]
Chen et al[84]

GRIK1
HLA-DQA1/DRB1
MICA
HLA-DQ
DEPDC5
DDX18
FasL
DLC1

rs455804
rs9272015
rs2596542
rs9275319
rs1012068
rs2551677
rs763110
rs3816747

HBV/HCV, Republic of Korea
HBV, China
HBV interacting with alcohol
consumption, China
HBV, China
HBV, China
HCV, Japan
HBV, China
HCV, Japan
HBV/HCV, Republic of Korea
HBV/HCV, Egypt
HBV, China

5.24 × 10-10
1.13 × 10-19
4.21 × 10-13
8.65 × 10-19
1.27 × 10-13
1.41 × 10-10
0.003
0.037/0.039

Li et al[94]
Li et al[94]
Kumar et al[91]
Jiang et al[97]
Miki et al[90]
Clifford et al[96]
Khalifa et al[98]
Xie et al[99]

STAT4
FOXP3

rs7574865
rs3761549

HBV, China
HBV, China

0.84 (0.80-0.89)
1.28 (1.22-1.35)
1.39 (1.27-1.52)
1.51 (1.38-1.66)
1.75 (1.51-2.03)
3.38 (2.07-5.53)
1.970 (1.250-3.105)
0.486 (0.245‑0.962)/
0.51 (0.267‑0.974)
1.22 (1.15-1.29)
1.32 (1.03-1.70)

1.66 × 10-11
0.030

Jiang et al[97]
Chen et al[100]

Related gene

SNP: Single-nucleotide polymorphism; HCC: Hepatocellular carcinoma; GWAS: Genome-wide association studies; HBV: Hepatitis B virus; HCV:
Hepatitis C virus; TPTE2: Transmembrane phosphoinositide 3-phosphatase and tensin homolog 2; KIF1B: Kinesin-like factor 1 B; GRIK1: Glutamate
receptor, ionotropic, kainate 1; HLA-DQA1/DRB1: Major histocompatibility complex, class II, DQ alpha 1, DR beta 1; MICA: MHC class I polypeptiderelatedsequence A; HLA-DQ: Major histocompatibility complex class II antigen; DEPDC5: DEP domain containing 5; DDX18: DEAD (Asp-Glu-Ala-Asp)
box polypeptide 18; FasL: Fas ligand; DLC1: Deleted in liver cancer 1; STAT4: Signal transducer and activator of transcription 4; FOXP3: Forkhead box P3.

the MICA and DEPDC5 loci affect the susceptibility to
HCC is subject to race/ethnicity-specific differences.
Undoubtedly, the same variability also applies to all
the other HCC-related SNPs, which could be explained
by gene-gene and gene-environment interactions
contributing to the inconsistent findings in different
[95]
racial or ethnic groups that have been studied .
Taken together, the available results show that
most findings related to the SNPs detected in GWAS
on HCC can be problematic to replicate due to
differences among different racial/ethnic groups,
different study designs, and genetic heterogeneity.
GWAS have so far identified numerous SNPs asso
[90-100]
ciated with HCC susceptibility
; however, most of
these investigations were limited by relatively small
sample sizes or the inclusion of only one racial/ethnic
group. The inconsistency of these findings could be
attributed to many factors, such as a lack of control
for confounding variables, different study designs
or the different racial/ethnic groups in the studies.
Given the high variability/inconsistency in findings
related to SNPs found in GWAS, at least to date, we
cannot recommend the continued study of SNPs in
relation to HCC as a means for identifying reliable
markers of the initiation and progression of HCC.
Therefore, further well-designed investigations with
larger sample sizes and multiple races/ethnicities
are warranted to elucidate the impact of SNPs on
susceptibility to HCC.

advances in NGS technologies, such as WGS or wholeexome sequencing (WES), have enabled us to identify
global driver genes related to the development of
HCC. In addition to confirming the high frequency
of somatic mutations in tumor protein p53 (TP53),
catenin beta 1 (CTNNB1) and AXIN1, recent studies
applying deep-sequencing analyses have identi
fied numerous novel mutations in genes, such as
mutations in genes related to chromatin remodeling
(ARID1A and ARID2), oxidative stress (NFE2L2 and
KEAP1), RAS/MAPK signaling (RPS6KA3), and the
janus kinase/signal transducers and activators of the
[28,101-103]
transcription (JAK/STAT) pathway (JAK1)
.
With the exception of ARID1A (10%-16%), most of
these newly identified driver genes are mutated in
less than 10% of HCC cases. It is encouraging that
recurrent telomerase reverse transcriptase (TERT)promoter mutations have been recently identified
as the most frequent molecular alterations in HCC
and as the first gene that is recurrently mutated in
[104,105]
cirrhotic preneoplastic lesions
. There is abundant
evidence to support the notion that TERT, TP53,
CTNNB1, ARID1A and AXIN1 are recurrently mutated
[28,102,103,106-111]
genes involved in HCC
. Specifically, driver
mutations in TERT, TP53, and CTNNB1 are among
the most frequent genetic alterations that have been
defined as additive events in the development of HCC,
[28,106-108,112-115]
irrespective of etiological background
.
In this section, we briefly summarize previously
well-known driver mutations and some novel gene
mutations discovered in NGS studies. CTNNB1 and
AXIN1 are subsequently reviewed in relation to
the Wnt/β-catenin signaling pathway. The role and
characteristics of frequent recurrent somatic mutations
in HCC and their associations with clinical pathological

SOMATIC MUTATIONS IN HCC
Similar to any other cancer, HCCs consist of highly
heterogeneous tumors with multiple genetic alte
rations, particularly somatic mutations. Recent
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Table 3 The characteristics of frequent recurrent somatic mutations and their correlations with clinical and pathological parameters
in hepatocellular carcinoma based on deep-sequencing analyses
Gene
TERT promoter
TP53

Altered pathway

Correlations with clinical and pathological parameters

Ref.

Telomere stability
Cell cycle control

Hepatocarcinogenesis
Under debate: an early event in the context of aflatoxin
exposure and chronic HBV infection, or it might not play a
role in carcinogenesis
Poor prognosis

Nault et al[104]; Yang et al[165]
Qi et al[136]

CTNNB1

Wnt/β-catenin signaling

AXIN1
ARID1A
ARID2
NFE2L2
KEAP1
JAK1
RPS6KA3

Wnt/β-catenin signaling
Chromatin remodeling
Chromatin remodeling
Oxidative stress
Oxidative stress
JAK/STAT pathway
RAS/MAPK signaling

Under debate: a late event for malignant progression or
earlier during hepatocarcinogenesis
Under debate: worse outcomes or better outcomes
Hepatocarcinogenesis and progression
Initiation and progression of HCC
Initiation and progression of HCC
Hepatocarcinogenesis and progression
Hepatocarcinogenesis and progression
Hepatocarcinogenesis
Hepatocarcinogenesis

El-Din et al[117]
Cleary SP et al[138]
Park et al[253]; Vilarinho et al[256]
Tornesello et al[263]; Wang et al[269]
Guan et al[242]
Schulze et al[106]
Totoki et al[107]
Nault JC et al[105]
Schulze et al[106]
Kan et al[28]
Guichard et al[102]

TERT: Telomerase reverse-transcriptase; ARID1A: AT-rich interactive domain-containing protein 1A; ARID2: AT-rich interactive domain-containing protein
2; NFE2L2/NRF2: Nuclear factor erythroid-derived 2-like 2; KEAP1: Kelch-like ECH-associated protein 1; JAK1: Janus kinase 1; RPS6KA3: Ribosomal
protein S6 kinase polypeptide 3.

parameters are summarized in Table 3.

mutations were found to interact with TP53 R249S
mutations in altering cell proliferation and chromosome
[125]
stability in hepatocytes . HBx has also been shown
to bind to p53 and to block p53-sequence-specific
DNA-binding and p53-dependent transcription,
[126]
ultimately blocking p53-mediated apoptosis
.
HBx and TP53 mutations have been suggested to
synergistically contribute to the formation of HCC in
[127]
animal models . These findings suggest that HBx is
involved in the etiology of TP53 mutations during the
molecular pathogenesis of HCC.
Persistent HCV infections could play a role in
hepatocarcinogenesis; however, the mechanisms
underlying this process remain unclear. A possible
mechanism of HCV-induced oncogenesis seems
to result from the interference of HCV proteins in
the intracellular signal transduction processes via a
mechanism including the dysregulation of cell cycle
[128]
control . In the presence of DNA damage, the P53
protein can be activated, promoting the expression
of several important genes involved in cell cycle
[129]
arrest, DNA repair, and apoptosis
. Accordingly,
whether HCV infections occur concurrently with other
genomic alterations, such as TP53 mutations, in
hepatocarcinogenesis is of interest. Currently, several
studies have provided some evidence for the direct
action of HCV-related proteins on TP53. For example,
HCV infection impairs the function of P53 through the
overexpression of 3β-hydroxysterol delta 24-reductase
(DHCR24), which up-regulates the interaction between
P53 and MDM2 (mouse double minute 2 homolog, also
known as HDM2, a P53-specific E3 ubiquitin ligase)
in the cytoplasm and suppresses P53 acetylation in
[130]
the nucleus
. Additionally, a novel TP53 mutation,
616ins14del1 (14-1 microindel), has been detected
in a case of HCC associated with an HCV infection,

TP53

TP53 is a key molecule in the TP53/cell cycle signaling
pathway. The mutation or deletion of the p53 gene,
which plays an important role in cell growth, division
and apoptosis by acting as a transcription factor or by
forming complexes with other proteins, is one of the
[116,117]
most frequent genetic changes detected in HCC
.
Strikingly, TP53 mutation rates in HCC vary in different
geographic areas, reflecting differences in etiological
[118]
agents and susceptibility factors . The TP53 mutation
in HCC occurs most commonly in sub-Saharan
Africa and Southeast Asia, where the combination
of widespread dietary AFB1 exposure and endemic
hepatitis B fosters a high rate of mutagenesis in the
[119]
liver . In these areas, AFB1 is a particularly common
mutagen of TP53, causing G:C to T:A transversions at
the third base of codon 249 in TP53 (R249S), and the
rate of TP53 R249S mutations can be accelerated in
[120,121]
the presence of a viral infection
. This mutation
was not detected in HCC cases from non-aflatoxin[119]
contaminated areas .
Accumulating evidence shows that the HBV X (HBx)
protein is a multifunctional regulator that plays a
[122]
crucial role in HBV-associated hepatocarcinogenesis .
However, the potential synergistic effects between
the HBx protein and TP53 mutations during hepa
tocarcinogenesis remain unclear. Several studies have
suggested that the HBx protein affects the function of
the P53 protein and contributes to the development
of HCC. For example, complete HBx sequences were
often associated with the presence of TP53 R249S
[123]
mutations
, and HBx was found to be associated
with TP53 R249S mutations in HCC patients with no
[124]
documented history of cirrhosis
. In addition, HBx

WJG|www.wjgnet.com

9077

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
providing evidence that HCCs characterized by HCV
infections are typically associated with the mutational
[131]
inactivation of the TP53 gene . In addition, genetic
changes in TP53 have been detected in non-neoplastic
[132]
lesions linked to chronic HCV infections . Collectively,
the aforementioned findings suggest that HCV is
implicated in the etiology of TP53 mutations during
hepatocarcinogenesis. However, these results were
obtained in vitro using cell culture models or animal
models, and the synergistic effects of TP53 mutations
and HCV infections in human hepatocarcinogenesis
must be further investigated.
A TP53 mutation has been identified as one of the
most frequent molecular alterations in HCC; however,
the role of TP53 mutations in hepatocarcinogenesis
remains debatable. Strikingly, a missense mutation
in exon 7 (R249S) of p53 has been found specifically
in HCC patients from regions with high levels of AFB1
[133]
exposure
. Several studies have suggested that
TP53 R249S mutations are likely to occur as early
events in association with aflatoxin exposure and
[134-136]
chronic HBV infection
. A recent study showed
that TP53 R249S mutations are an important factor in
HCC carcinogenesis in Brazil, where aflatoxin exposure
[137]
levels are high
. In contrast, TP53 mutations can
occur as a late event in carcinogenesis without a
typical mutational pattern in areas with low levels of
[135]
AFB1 intake
. Furthermore, another study showed
that TP53 R249S mutations might not play a role in the
carcinogenesis of HCC in Egypt, where HCV infections
are highly prevalent and are a major risk factor for the
[117]
development of HCC . Taken together, these findings
show that TP53 mutations could play an important
role in hepatocarcinogenesis in populations with
chronic HBV infections, especially in those exposed
to excessive levels of AFB1. It follows that these
inconsistent and even conflicting results regarding the
role of TP53 mutations in hepatocarcinogenesis might
primarily be due to heterogeneity in the geographic
and etiological backgrounds of the cases studied.
Recent reports have shown that TP53 mutations
can be used to predict HCC. For example, mutations in
TP53 were found to be associated with a significantly
[138]
higher rate of recurrence and a lower DFS
. In
addition, two systematic reviews concluded that TP53
mutations were associated with poor OS, relapsefree survival rates (RFS), and DFS in HCC patients,
with similar results found between patients with HBV
[139,140]
infections and HCV infections
. However, a recent
study showed that TP53 mutations were associated
with shorter survival time only in cases of HBV-related
HCC, although R249S hot spot mutations were not
associated with survival rates in patients of European
[141]
origin with HBV-related HCC
. In contrast, another
study found that TP53 mutations, particularly the
hot spot mutations R249S and V157F, regardless of
sample origin, were associated with poor prognoses
[142]
in patients with HCC
. This finding was echoed by
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another recent study on the relationship between TP53
mutations and the recurrence of HCC in patients with
[143]
HCC of various etiologies
. Taken together, these
inconsistent and even conflicting findings might be
largely due to the use of different racial and regional
groups as well as other possible contributing factors,
including the small sample sizes of the studies.
Therefore, these confounding factors should be con
sidered when evaluating the prognostic value of TP53
mutations in HCC.
Increasing evidence suggests that the stabilization
of mutant p53 in tumors is crucial for its oncogenic
activities, while the depletion of mutant p53 attenuates
the malignant properties of cancer cells. Thus, mutant
[144]
p53 is an attractive drug target for cancer therapies .

Telomerase reverse-transcriptase

The human telomerase reverse transcriptase (hTERT)
gene encodes a rate-limiting catalytic subunit of
telomerase, which maintains the length of telomeric
[145]
DNA and chromosomal stability . hTERT is the major
determinant of telomerase activity, and it plays a key
role in cellular immortalization and the development
and progression of human cancers. The reactivation
of telomerase activity is observed in approximately
90% of human cancers, enabling cells to overcome
replicative senescence and to escape apoptosis, which
are fundamental steps in the initiation of malignant
[146,147]
transformation
. The precise mechanism behind
the reactivation of telomerase activity in cancer
remains elusive, but it likely involves multiple changes
that occur during the progression of cancer, including
[148]
mutations and chromosomal rearrangements .
In two recent studies, researchers identified mu
tations that created new binding sites in the TERT
promoter for particular transcriptional regulators, such
as E-twenty-six (ETS)/ternary complex factors (TCFs)
factors, and resulted in increased transcriptional
activity at the TERT promoter, which could in turn
lead to the increased expression of the gene and the
[149,150]
endless cell division characteristic of cancer cells
.
These findings suggest that TERT promoter mutations
could be potential mechanisms for TERT reactivation
in cancer cells. In more recent studies, investigators
found that two highly recurrent point mutations (G228T
and G250T) in the TERT promoter might be among
the fundamental mechanisms underlying telomerase
reactivation/expression in several types of human
[149,151-154]
cancers
.
The molecular mechanisms involved in telome
rase reactivation in HCC have been only partially
elucidated, with the most important being TERT
[104]
promoter mutations
. TERT amplification and the
recurrent integration of HBx into the TERT gene
promoter are alternative explanations for telomerase
[107,155-157]
reactivation
. In particular, TERT promoter
mutations were found to be associated with CTNNB1
[104,106,107,158]
mutations in HCC
, suggesting that
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TERT promoter mutations and the deregulation of
the Wnt/β-catenin pathway could interact in the
malignant transformation of hepatocytes. Overall,
the identification of TERT promoter mutations in
association with HCC has provided new insights into
telomerase reactivation and telomere maintenance in
[148]
hepatocarcinogenesis
. Despite these compelling
findings, the functional role of TERT promoter
mutations in HCC remains unclear and must be further
explored.
To date, recurrent somatic mutations in the TERT
promoter have been identified as the most frequent
non-coding mutations in multiple cancer types,
suggesting that TERT promoter mutations are driver
[154,159,160]
mutations in these cancers
. The frequency of
TERT promoter mutations in HCC varies substantially
across the different geographical regions studied. For
example, cases of HCC with TERT promoter mutations
[161]
have been reported from the United States
,
[104,158,162]
[163]
Europe
, Africa
, and East Asia (except for
[103,104,164-166]
Japan)
, with mutation frequencies of 44%,
47%-59%, 53%, and 20.7%-38.8%, respectively.
These data indicate that TERT promoter mutations
are less frequent among Asian patients with HBVrelated HCC than among those with HCV-related
HCC. The lower rate of TERT promoter mutations
in patients with HBV-related HCC might be partially
explained by the frequent insertion of HBV DNA in the
TERT promoter, which is known to induce telomerase
[103,155]
transcription
. These findings suggest that
various etiological factors could be involved in different
mechanisms that preserve telomeres during the
[164]
carcinogenesis of HCC
. Despite these differences,
TERT promoter mutations are currently considered
the most frequent somatic genetic alterations in HCC
[163,167]
regardless of patients’ geographical origin
. In
the past few years, many investigators have explored
the role of TERT mutations in HCC. In a recent study,
TERT promoter mutations were found in 6% of lowgrade dysplastic nodules (LGDNs), 19% of HGDNs,
61% of early HCCs and 42% of small and progressed
HCCs. However, mutations in other classic HCC driver
genes (i.e., CTNNB1, TP53, ARID1A, or ARID2) were
[105]
not identified in LGDNs, HGDNs, or early HCC
. In
another recent study, TERT mutations were found to
occur at an early stage of tumorigenesis. Specifically,
they were observed in 57% of preneoplastic
[165]
lesions and in 30% of stage I HCCs
, indicating
that TERT promoter mutations occur early during
malignant transformation and persist throughout
tumor progression. These findings have been further
confirmed by two recent studies using exome or
DNA sequencing of liver tumor samples in which
TERT promoter mutations occurred early during
[106,164]
hepatocarcinogenesis
. In addition, when hTERT
mRNA was measured via real-time quantitative RTPCR, the hTERT mRNA levels were found to be
increased in association with the progression of
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hepatocarcinogenesis, and most HGDNs strongly
expressed hTERT mRNA at levels similar to those in
[168]
HCC samples . In a recent study, the authors found
that the activation and expression of hTERT played
extremely critical roles in the incidence and progression
[169]
of HCC . Previous studies also showed that telomere
shortening and telomerase reactivation occurred in DNs
[163]
during the early stages of hepatocarcinogenesis
.
Indeed, alterations in telomerase restriction fragment
(TRF) length, telomerase activity (TA), and hTERT
and hTR expression were identified in both the early
[170]
and late stages of hepatocarcinogenesis
. These
findings demonstrate that telomere status is a factor in
hepatocarcinogenesis.
hTERT mRNA has been reported to be detectable
in the serum of patients with HCC, and it has been
reported that the sensitivity and specificity for
serum hTERT mRNA in detecting HCC were 77.14%
and 100%, respectively, which are higher than the
sensitivity and specificity for AFP in the early detection
[171]
of HCC . In another report, the sensitivity/specificity
for serum hTERT mRNA in diagnosing HCC was found
to be 90.2%/85.4%, which is superior to using alphafetoprotein (AFP), AFP-L3, and des-gamma-carboxy
prothrombin (DCP) in the diagnosis of HCC at an early
[172]
stage
. Therefore, measuring serum hTERT mRNA
levels might serve as a potential diagnostic tool for
HCC.
Taken together, these findings suggest that TERT
promoter mutations are among the earliest genetic
alterations in hepatocarcinogenesis, occurring at
preneoplastic stages and behaving as a “gatekeeper”
[173,174]
during the malignant transformation sequence
.
Considering that TERT promoter mutations are
among the earliest recurrent genetic events in tumo
rigenesis and are also the most frequent somatic
genetic alterations in HCC, telomerase inhibition shows
potential as an ideal therapeutic target in treating HCC.
Currently, different strategies for telomerase inhibition,
such as the use of nucleoside analogs, oligonucleotides,
small molecule inhibitors, G-quadruplex stabilizers,
immunotherapy, and gene therapy in different cancers,
are currently in development, preclinical studies or
[175]
clinical trials .

ARID1A and ARID2

Increasing evidence has demonstrated that the
misregulation of ATP-dependent chromatin remodeling
complexes (chromatin remodelers) contributes to
[176]
[177]
tumorigenesis
, tumor heterogeneity
, and the
[178-182]
cellular response to anticancer drugs
. Among
the different ATP-dependent chromatin remodelers,
genes encoding SWitch/sucrose nonfermentable
(SWI/SNF) complex subunits are now recognized as
among the most commonly mutated targets affecting
chromatin remodeling, as they are present in 20% of
[183-185]
human cancers
. SWI/SNF chromatin remodeling
has been linked to a variety of epigenetic processes,
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including roles in maintaining nucleosome positioning
[186]
and interacting with other chromatin modifiers
.
The SWI/SNF complexes can be divided into two
broad categories based on the presence of the AT-rich
interactive domain containing protein 1A-B (ARID1A/B)
subunits (BAF complex) or ARID2 and polybromo 1
[187]
(PBMR1) subunits (PBAF complex) .
Recent exome and WGS studies of HCC have
shown that recurrent inactivating mutations in SWI/
SNF subunits are involved in the molecular basis
[101,102,188-190]
of hepatocarcinogenesis
. However, the
functional role and molecular mechanisms underlying
these mutations in the initiation and progression
of HCC are not yet completely understood. Genes
involved in coding for chromatin-modifying proteins
are commonly mutated in HCC. In particular, two
inactivating mutations in genes encoding subunits
of the SWI/SNF complex, and ARID1A and ARID2
have been identified in approximately 10% of HCC
[101,106,107,189,191]
cases
. Therefore, it is not surprising
that chromatin remodeling complex alterations might
play important roles in the initiation and progression
of HCC. Interestingly, the frequency of ARID1A and
ARID2 mutations occurring in HCC varies considerably
across HCC cases, depending on the different etiologies
of the disease. For example, ARID1A mutations are
significantly more frequent in HCC related to alcohol
[102]
intake than in tumors of other etiologies
, and
ARID2 mutations commonly occur in HCV-associated
[188,192]
HCC
. However, several studies did not observe
an association between ARID1A and ARID2 mutations
and the etiology of HCC. ARID1A was mutated in
[189]
13% of HBV-associated cases of HCC
, and ARID2
mutations were not significantly associated with HCV
[102]
infections
. A recent study also demonstrated that
ARID1A alterations were not correlated with HBV
[193]
infection, HCV infection or the heavy use of alcohol .
These findings suggest that ARID1A and ARID2
mutations are universally present in association with
HCC related to hepatitis virus infection and alcohol
intake.
The mechanisms by which mutations in SWI/
SNF subunits drive tumorigenesis are unclear. Most
ARID1A and ARID2 mutations detected in cancer
cells to date are inactivating mutations, suggesting
[194]
that both proteins function as tumor suppressors
.
Several possible mechanisms for this effect have been
suggested. ARID1A has been indicated in preventing
DNA entanglements during mitosis. Hence, its
mutational inactivation could lead to genomic instability
and alter gene expression, which could contribute to
[195]
tumorigenesis
. In addition, it has been found that
ARID1A mutations tend to interact with the activation
of the PI3K/AKT pathway in promoting tumorigenesis
[196-203]
in many human cancers of diverse origins
.
Furthermore, a recent study found that ARID1A
mutations alone did not cause the development
or progression of cancer but that a combination
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of ARID1A inactivation and a PI3K/AKT pathway
[204]
aberration was sufficient to initiate tumorigenesis
.
Theoretically, the two mechanisms mentioned above
in other solid tumors might also apply to HCC. The
functional significance of ARID1A and ARID2 mutations
remains to be elucidated in relation to the initiation
and progression of HCC.
In a recent study, HCC cases with altered ARID1A
expression showed inverse correlations with the
nuclear localization of P53 and beta-catenin, sug
gesting that the ARID1A pathway might represent
an alternative pathway to the p53 and beta-catenin
pathways in HCC. Thus, ARID1A might constitute a
promising therapeutic target for treating a subset of
[193]
HCCs .

NFE2L2/NRF2 and KEAP1

Oxidative stress involves elevated intracellular levels
of reactive oxygen species (ROS) that cause damage
[205]
to lipids, proteins and DNA
. Recent studies have
shown that persistent oxidative stress due to elevated
ROS levels is associated with carcinogenesis and the
[206-210]
progression of cancer
. The NRF2-KEAP1 pathway
is the major regulator of cytoprotective responses to
endogenous and exogenous stresses caused by ROS
[211,212]
and electrophiles
. The key proteins within the
NRF2-KEAP1 pathway are the transcription factor
NRF2, which mediates oxidative stress responses, and
KEAP1, which is a negative regulator of NRF2 activity.
NRF2 has been traditionally considered a tumor
[213]
suppressor because of its cytoprotective functions .
In fact, accumulating evidence from genetic analyses
of human tumors suggests that the deregulation of
NRF2 is a critical determinant in oncogenesis, and
somatic mutations of either NRF2 or KEAP1 have
frequently been detected in a variety of cancer
[107,214-216]
types
. These findings indicate that mutations
in NRF2 and KEAP1 frequently play important roles in
carcinogenesis.
Recent exome sequencing of HCC samples
has revealed that the oxidative stress pathway is
activated in 12% of HCC patients, primarily as a
[106]
result of mutations of NRF2 or KEAP1
. Numerous
genomic studies on cancer have reported somatic
mutations of NRF2 and inactivating mutations of
KEAP1(6%-10% and 3%-8% of HCC patients,
[102,106,107,138,217,218]
respectively)
. A recent functional
experiment found that NRF2/KEAP1 mutations
were present in 71% of early preneoplastic lesions
and in 78.6% and 59.3% of early and advanced
[219]
HCCs
, respectively, suggesting that the onset of
NRF2/KEAP1 mutations is a very early event in rat
hepatocarcinogenesis. In contrast, mutations of NRF2
and KEAP1 in humans were observed only in advanced
HCC and not in premalignant nodules or early HCC,
suggesting that these mutations are late events
[105,106]
in hepatocarcinogenesis in humans
. Despite
some differences in the role of mutations of NRF2
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and KEAP1 between rats and humans, it is evident
that the dysregulation of the NRF2/KEAP1 pathway
and mutations of these genes play important roles in
hepatocarcinogenesis in both species. The NRF2/KEAP1
pathway might contribute to hepatocarcinogenesis
through the following mechanisms. First, the NRF2/
KEAP1 pathway might cause epigenetic instability,
[220]
leading to HCC . Second, either NRF2 acts by itself
as a proto-oncogene or NRF2 or KEAP1 mutations
support the accumulation of additional mutations
[215,221]
of proto-oncogenes
. Third, the NRF2/KEAP1
pathway could alter the chromatin status, leading to
abnormal methylation of TSGs, which might contribute
[222]
to hepatocarcinogenesis
. Interestingly, recent
analyses of somatic mutations in HCC have revealed
that mutations in NRF2 or KEAP1 are significantly
correlated with the deregulation of the Wnt/β-catenin
[102,217]
pathway via CTNNB1 or AXIN1 mutations
. These
results suggest that the NRF2/KEAP1 pathway might
interact with Wnt/β-catenin signaling to promote
hepatocarcinogenesis. Nevertheless, the exact
molecular mechanism underlying the role of NRF2 in
the pathogenesis of HCC must still be investigated.
The finding of recurrent mutations in HCC revealed
that NRF2 activation was a driver event in the
[102,138]
progression of tumors
. Collectively, NRF2/KEAP1
mutations might be involved in the pathogenesis and
progression of HCC. The genetic or pharmacologic
inhibition of NRF2 expression/activity in HCC cells
increased the anticancer activity of erastin and
[223]
sorafenib in vitro and in tumor xenograft models
.
Intriguingly, the accumulation of phosphorylated P62,
a selective autophagy substrate, was found to cause
the persistent activation of NRF2, contributing to the
[223-225]
development of HCC
. In addition, in Japanese
HCC patients, NRF2 activation was associated with
the phosphorylation of P62 but not with the KEAP1
[226]
status
.These results suggest that there might be
crosstalk between the NRF2/KEAP1 pathway and P62mediated selective autophagy, and selective NRF2
inhibitors or inhibitors of the interaction between
phosphorylated P62 and KEAP1 should be developed
as potential therapeutic agents against human HCC.

therapeutic approach for HCC treatment.

Ribosomal protein S6 kinase polypeptide 3

Ribosomal protein S6 kinase polypeptide 3 (RPS6KA3)
encodes a component of the RAS/MAPK signaling
pathway, i.e., a gene located on chromosome X
that encodes ribosomal S6 protein kinase 2 (RSK2).
Recurrent mutations in RPS6KA3 have been found in
[102,106,189]
2%-9% of HCCs
, suggesting that RPS6KA3
could act as a newly identified potential driver of the
pathogenesis of HCC. Specifically, RPS6KA3 tended to
[230]
be mutated in poorly differentiated HCCs
and was
[102]
found in HCCs that developed without cirrhosis
.
In addition, RPS6KA3 mutations were frequently
[102]
associated with AXIN1 mutations
, suggesting that
RPS6KA3 inactivation might cooperate with Wnt/
β-catenin signaling to promote hepatocarcinogenesis.

SIGNALING PATHWAYS IMPLICATED IN
HCC
The recurrent mutated genes reviewed above were
found to be highly enriched in multiple key driver
signaling processes, including telomere maintenance,
TP53, cell cycle regulation, the Wnt/β-catenin pathway
(CTNNB1 and AXIN1), chromatin remodeling (ARID1A
and ARID2), the phosphatidylinositol-3 kinase
(PI3K)/AKT/mammalian target of rapamycin (mTOR)
pathway, and oxidative/endoplasmic reticulum stress
(NFE2L2 and KEAP1). In the following section, we
briefly summarize two of the most common molecular
cellular pathways, Wnt/β-catenin and PI3K/AKT/
[28,35,107,231]
mTOR, in human HCC
. Other pathways are
summarized in the section above.

Wnt/β -catenin signaling pathway

The WNT/β-catenin pathway can be classified into
canonical (β-catenin dependent) and noncanonical
[232]
(β-catenin independent) pathways . In the absence
of Wnt proteins, β-catenin is phosphorylated at aminoterminal serine and threonine residues by casein
kinase 1 (CK1) and glycogen synthase kinase 3β
[233]
(GSK-3β)
. β-catenin phosphorylation is facilitated
by the axis inhibition protein (AXIN) and adenomatous
polyposis coli (APC). Wnt signaling is activated upon
Wnt-ligand binding to frizzled receptors (FZD), followed
by the cytosolic accumulation of β-catenin through the
prevention of GSK-3β -mediated phosphorylation of the
[234]
β-catenin Ser/Thr domain . The absence of β-catenin
phosphorylation releases it from the degradation
complex composed of APC, AXIN, GSK-3β and CK1,
resulting in an accumulation of β-catenin in the
[234]
cytoplasm
. Subsequently, cytosolic β-catenin can
translocate to the nucleus to initiate the transcription
of target genes through interactions with T-cell factor
(TCF)/lymphoid enhancer factor (LEF) transcription
[234]
factors . Hepatocytes with the nuclear translocation

Janus kinase 1

The JAK/STAT signaling pathways have been identified
as promoters of carcinogenesis in a subset of HCCs via
[28,227,228]
cytokine-induced JAK/STAT pathway activation
.
A previous study using single-strand conformational
polymorphisms (SSCPs) and direct sequencing
reported a low frequency (1/84, 1.2%) of Janus
[229]
kinase 1 (JAK1) mutations in HCC
. Recently, a
comprehensive whole genome analysis revealed that
JAK1 mutations appeared in 9.1% of HCCs, and the
[28]
JAK/STAT pathway was altered in 45.5% of HCCs .
These findings indicate that the JAK/STAT pathway
might act as one of the major oncogenic drivers in HCC
and suggest the possibility of its use as a promising
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[249]

of β-catenin displayed abnormal cellular proliferation
and expressed membrane proteins associated with
[235]
HCC, metastatic behavior, and cancer stem cells .
The deregulation of WNT/β-catenin signaling has
[236]
been found in 40%-70% of HCC patients . Increasing
evidence suggests that the Wnt/β-catenin signaling
cascade plays a major role in the pathogenesis of
[234,237]
HCC
. Some studies have suggested possible
mechanisms for this role. For example, research has
found that the occurrence of HCC may be closely related
to allelic loss, chromosomal changes and mutations in
[238]
Wnt/β-catenin signaling pathway genes . In addition,
the Wnt/β-catenin signaling pathway contributes
to angiogenesis, infiltration and metastasis in HCC
by regulating the expression of angiogenic factors,
such as matrix metalloproteinase‑2 (MMP-2), matrix
metalloproteinase‑9 (MMP-9), vascular endothelial
growth factor‑A (VEGF-A), vascular endothelial growth
factor-C (VEGF-C) and basic fibroblast growth factor
[239]
(bFGF) . However, the precise molecular mechanism
remains uncertain.
Mutations in exon 3 of the CTNNB1 gene, which
encodes β-catenin, constitute a crucial molecular
mechanism leading to the aberrant activation of the
Wnt/β-catenin pathway, which is strongly associated
[240]
with hepatocarcinogenesis
. In addition to gainof-function mutations in positive modulators of Wnt
signaling, such as β-catenin, the Wnt pathway can be
activated by loss-of-function mutations in negative
[241]
modulators, such as AXIN and APC
. It has been
suggested that AXIN might play an important role in
the pathogenesis and progression of HCC via the Wnt
[242]
signaling pathway . Moreover, the overexpression of
the Frizzled-7 (FZD-7) receptor and glycogen synthase
kinase-3 (GSK-3) inactivation may also lead to
[243]
aberrant β-catenin pathway activation
as the FZD-7
receptor has been found to be up-regulated in 90% of
[244,245]
human HCCs
, suggesting that the consequent
activation of Wnt/Frizzled-mediated signaling plays
a key role in hepatic carcinogenesis. Specifically,
one study analyzed the spectrum of mutations in a
series of 125 cases of HCC, and the authors identified
significant associations between mutations in ARID1A,
RPSK6KA3 or NFE2L2 and mutations in CTNNB1 or
AXIN1, suggesting that Wnt/β-catenin signaling might
interact with oxidative stress responses, chromatin
remodeling or the RAS/MAPK pathway to promote
[217]
hepatocarcinogenesis .
Mutations in the Wnt/β-catenin pathway have
[246]
been described in 20%-40% of HCCs
. In HBVrelated HCC, β -catenin mutations have been found at
[103,246,247]
a lower frequency
, whereas higher incidences
of β -catenin mutations have been shown to occur
[101,102,188,248]
mainly in alcohol- and HCV-related HCCs
.
These findings suggest that β -catenin mutations
are associated with the etiology of the HCC, which
might be explained in part by actions of the HCV
core protein synergizing Wnt-induced stabilization
and the accumulation of β-catenin, perhaps playing
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an important role in the pathogenesis of HCV
.
In HCC occurring in association with HBV, patients
display β-catenin activation, which is induced in a
mutation-dependent manner by the expression of
[250]
the HBx protein . Furthermore, one explanation for
why β -catenin mutations tend to occur in non-HBVassociated casesis that AXIN mutations (and rarely
β -catenin mutations) are mainly found in chromosomeunstable tumors associated with HBV infections, and
β -catenin mutations are mainly found in non-HBV, well[251]
differentiated, chromosome-stable tumors
. Thus,
these two components of the Wnt pathway, β-catenin
and AXIN1, could operate in distinct ways in human
[252]
HCC .
The verdict on the role of β -catenin mutations
in the initiation and progression of HCC is currently
uncertain. A few studies have demonstrated that
β -catenin mutations are found only in association with
[104,253,254]
HCC and not in DNs
.These results suggest that
β -catenin mutations might be a late event in malignant
progression rather than β -catenin being an early event
gene or a gatekeeper gene in the multistep process
of hepatocarcinogenesis. Nevertheless, another study
concluded that β-catenin accumulates in the cytoplasm
and the nuclei in precancerous lesions of the liver
and might contribute, at least in part, to hepatic
[255]
carcinogenesis
. Moreover, a clonality analysis
predicted that the CTNNB1 mutation was clonal and
[256]
occurred earlier during hepatocarcinogenesis
.
To date, numerous studies have investigated the
possible mechanisms underlying the role of β -catenin
mutations in the initiation and progression of HCC.
For example, CTNNB1 mutations are likely to occur as
late events in the context of aflatoxin exposure and
chronic HBV infection, whereas CTNNB1 mutations
might represent early events in carcinogenesis
without a typical mutational pattern in areas with
[135]
low AFB1 intake
. Transcription complexes, formed
by a combination of intranuclear β-catenin and
transcription factors, activate downstream target
genes and regulate the expression of corresponding
[257]
genes, leading to HCC tumorigenesis
. Although
a β -catenin mutation might represent an important
event leading to tumorigenic changes in hepatocytes,
several studies using transgenic animal models have
shown that the overexpression of mutant or stable
forms of β -catenin on its own is not sufficient to
[258,259]
induce HCC
. A recent study found that the upregulated genes v-maf avian musculoaponeurotic
fibrosarcoma oncogene homolog G (MAFG) and
synovial sarcoma, X breakpoint 1 (SSX1) significantly
synergized with the transcriptional activity of β-catenin,
and the overexpression of the downregulated genes
one cut homeobox 1 (Onecut1) and forkhead box
protein A3 (FOXA3) potently inhibited the growth of
a CTNNB1-mutation-positive (HepG2) cell line and
[260]
negative (Huh-7 and Hep3B) cell lines . In another
study, the over-expression of cysteine-rich protein 61
(Cyr61/CCN1) was positively correlated with increased
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[273]

levels of β-catenin in human HCC samples, indicating
that Cyr61 is a direct target of β-catenin signaling
[261]
in HCC
. Therefore, the findings of these studies
indicate that β-catenin mutations can interact with
other oncogenic alterations or pathways to result in
hepatocarcinogenesis more often than previously
recognized.
Similarly, there have been conflicting data in
the literature on the question of whether β -catenin
mutations in HCC are associated with favorable or
[262]
unfavorable prognoses
. Some studies have found
associations of β -catenin mutation or activation
with worse outcomes, such as moderately/poorly
differentiated HCV-related HCC, larger tumor sizes,
[263,264]
multiple nodules and increased vascular invasion
.
In contrast, other studies have reported that HCCs
harboring β -catenin mutations had better outcomes,
such as less invasive and less frequent portal vein
[138,260,265-268]
involvement
. A recent meta-analysis
also revealed that β ‑catenin mutations could predict
[269]
a favorable prognosis in patients with HCC
. In
addition, one study reported that β -catenin mutations
were not associated with prognoses in patients with
[238]
advanced HCC
. Interestingly, the expression of
the noncanonical Wnt5a, which is known to inhibit
canonical Wnt signaling, was increased in poorly
[270]
differentiated HCC cell lines
. Based on this result,
the authors proposed that canonical and noncanonical
Wnt pathways play complementary roles in HCC,
with canonical signaling contributing to tumor
initiation and noncanonical signaling contributing to
[270]
tumor progression
. Accordingly, the noncanonical
activation of Wnt in HCC deserves further research.
Furthermore, a possible mechanism underlying
β -catenin mutations with favorable outcomes
was proposed in another study. In this study, the
presence of cytokeratin 19 (CK19) expression or
the absence of β -catenin mutations was found to
be predictive of early tumor recurrence (ETR), and
CK19 expression abolished the suppressive effects of
β -catenin mutations on the progression of HCC. CK19
expression and β -catenin mutations were found to play
dramatically opposite roles in vascular invasion, ETR
[271]
and the prognosis of HCC patients .
Considering these findings, future prospective
studies to determine the initiation, progression and
outcome of HCC as a function of the WNT/β-catenin
pathway will be essential. Specifically, such studies
should consider the geographical origin, etiology and
heterogeneity of the patients as well as the modes of
[272]
WNT/β-catenin pathway activation .

tenance
. The membrane lipid phosphatidylinositol
4, 5-bisphosphate (PIP2) is phosphorylated by PI3K
into phosphatidylinositol 3, 4, 5-triphosphate (PIP3),
which binds to and activates the serine/threonine
[274]
kinase AKT
. The tumor suppressor gene product
PTEN deleted on the chromosome is antagonistic to
PI3K activity; the inactivation of PTEN through gene
deletion increases PIP3 levels and activates AKT,
which inhibits apoptosis, leading to the development
[275]
of tumors
. Activated AKT initiates a cascade of
downstream signaling events, including the mTOR
pathway. Once activated by AKT, mTOR promotes
cell growth and proliferation by stimulating protein
synthesis through the phosphorylation of 4E-BPs and
[275]
the S6 kinases .
The PI3K/AKT/mTOR pathway is frequently deregu
[276]
lated in human hepatocarcinogenesis . Furthermore,
the deregulation of key genes of the PI3K/AKT/
[277,278]
mTOR pathway has clinical importance in HCC
.
As a negative regulator of the PI3K/AKT/mTOR
pathway, PTEN is considered a tumor suppressor
gene. PTEN mutations rarely occur in HCC, whereas
PTEN heterozygosity, resulting in reduced PTEN
expression, has been observed in 32%-44% of HCC
[279]
patients
. Recent studies have demonstrated that
the underexpression of PTEN is associated with poorly
differentiated HCC, advanced TNM (tumor-nodemetastasis) stage and intrahepatic metastasis, and
[278,280-282]
poor patient survival
. PI3KCA is an upstream
regulator of AKT, although there is some controversy
regarding the role of PI3KCA mutations in HCC. A
recent study identified PIK3CA mutations in 14% of
patients.These mutations were strongly correlated with
tumor size, suggesting that PIK3CA mutations could
[283]
be used as prognostic markers in HCC
. However,
other more recent studies have shown that hot spot
mutations in PIK3CA are completely absent or rare
[263,284-287]
in HCC
; PI3K mutations were not associated
with either hepatic carcinogenesis or the postoperative
[284,285,288]
prognosis of HCC patients
.
AKT, also known as protein kinase B, is a central
effector in the PI3K pathway. Many HCCs have
demonstrated the activation of AKT, and it has been
reported that both hepatitis B and hepatitis C could
[289]
activate PI3K/AKT signaling
. It is well established
that AKT plays a key role in tumorigenesis by sti
mulating cell proliferation and inhibiting apoptosis. The
phosphorylation of AKT at S473 was detected in up
to 71% of HCC samples and was associated with the
[278]
invasion, metastasis, and vascularization of HCC . As
an AKT effector, S6 ribosomal protein (pS6) could be
[290]
used as a prognostic indicator of HCC . In addition,
phospho-AKT (pAKT) expression showed a significant
[291]
correlation with decreased OS , suggesting a worse
[292]
prognosis for HCC patients with activated AKT .
mTOR is a key component of the PI3K and AKT
pathways that activate downstream kinases required
[293]
for G1 to S phase transition
. mTOR deregulation

PI3K-AKT-mTOR pathway

The phosphoinositide 3-kinase-AKT-mammalian target
of rapamycin (PI3K-AKT-mTOR) pathway is one of
the most frequently deregulated pathways in human
cancers, and it is a master regulator of processes
that contribute to tumorigenesis and tumor main
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has been reported to play a significant role in the
pathogenesis and progression of HCC. A recent
study showed that high mTOR expression levels
were correlated with Edmondson tumor grades and
[294]
cirrhosis . Additionally, data from preclinical studies
have indicated that the deregulated expression of
mTOR pathway effectors occurred in 40%-50% of
HCCs, and the activation of the mTOR pathway was
associated with less differentiated tumors, earlier
[290,295]
tumor recurrence, and lower survival rates
.
mTOR acts by directly activating p70S6 kinase
(p70S6K/S6K1) and inhibiting 4E binding protein 1
[296]
(4E-BP1) . mTOR forms two multiprotein complexes,
called mTORC1 (mTOR complexed with raptor) and
[297]
mTORC2 (mTOR complexed with rictor)
. Both
mTORC1 and mTORC2 participate in regulating the
[298]
migration and invasion of HCC cells
. A recent
study showed that a high ratio of the levels of rictor
and raptor mRNAs in tumors was an independent
[297]
prognostic indicator of DFS
. This finding suggests
that an analysis of mTOR expression in cancer tissues
could serve as a predictive marker of HCC recurrence
after curative treatment.
Currently, many inhibitors targeting the PI3K/AKT/
mTOR pathway are being evaluated for treating HCC
[299,300]
in preclinical and clinical studies
. It is hoped
that the efficacy of inhibitors of the PI3K/AKT/mTOR
pathway, in combination with other anticancer agents,
might represent a promising new strategy for treating
HCC patients.

in advanced HCC, no novel, fully effective molecularly
targeted agents for the treatment of patients with
advanced HCC have been produced, except for
sorafenib. There are two factors, i.e., the lack of a
clearly identified driver oncogene and the presence of
underlying cirrhosis, that are primarily responsible for
the frequently unsuccessful results in studies on the
[303]
use of novel drugs in treating HCC .
It is anticipated that studies including large sample
sizes combined with the integration of multiple levels
of data, such as data on genomic instability, SNPs,
and somatic mutations, in conjunction with integrative
functional genomic approaches, will contribute to
identifying driver genes in the pathogenesis of HCC.
The identification of these driver genes will lead to
the development of effective molecularly targeted
therapies and personalized medicine.
Currently, it has been widely realized that signaling
pathways, rather than individual genes, govern
[304]
the course of carcinogenesis
. In fact, HCC is
considered a multigenic disease with a multifactorial
etiology, and hepatocarcinogenesis is an extre
mely complex multistep process, in which multiple
signaling pathways are altered to some extent. In
brief, due to the high complexity and heterogeneity
of HCC genomes, it is important to emphasize that
identifying the altered signaling pathways implicated
in HCC, rather than individual mutated genes, may
be the key in elucidating the genetic mechanisms
underlying hepatocarcinogenesis. Furthermore,
insights into the key signaling pathways will likely
aid in defining previously unrecognized oncogenic
addiction loops in HCC and in developing more
[305]
effective targeted therapies
. Recent extensive
research has identified multiple signaling pathways
implicated in the pathogenesis of HCC; however,
unfortunately, no single dominant signaling pathway is
specifically altered in HCC. Future investigations into
associated signaling pathways should elucidate the
crosstalk between different signaling pathways, i.e.,
how different signaling pathways interact and how
they are coordinately regulated in HCC. It is hoped
that targeting these crosstalk pathways will result in
superior clinical efficacy in treating HCC patients.
Taken together, current evidence suggests that
there are no major mutated genes and signaling
pathways corresponding to the development of tumors
in the majority of cases of HCC, which might primarily
be due to the heterogeneity in their geographic and
etiologic backgrounds. Due to the intertumor and
intratumor heterogeneity of HCCs, future studies
must evaluate in detail genetic alterations in relation
to the geographic origin of the disease, both across
and within individual patients, and chronologically
[306]
during tumor progression
. At the same time, the
geographic and etiologic backgrounds of cases of
HCC should also be considered in the design of future
clinical trials testing molecularly targeted therapies.
Such consideration will aid in identifying personalized

PROBLEMS AND PERSPECTIVES
Although numerous genes are altered in association
with HCC, only a small number of them are considered
alterations that drive clonal expansion and invasion.
Most of the somatic alterations appear to be pass
[301]
engers that are neutral for tumor cell selection
.
So far, most of the genetic events that initiate HCC
remain unknown. Therefore, the identification of key
driver genes in HCC is crucial to elucidating the genetic
mechanism of hepatocarcinogenesis and providing
new molecularly targeted therapies for HCC patients.
Recent advancements in NGS technology have
allowed for the identification of recurrently mutated
genes in the pathogenesis of HCC. For example,
a recent study of NGS analyses was performed
to identify mutations in the TERT promoter, TP53,
and CTNNB1 genes that are major drivers of the
[103]
development of HCC . To date, however, no potential
drivers of specific oncogenes (oncogene addiction,
which is a term used when a cancer cell is found to be
dependent on a single gene to survive) corresponding
to targeted therapies have emerged, likely due to
the genomic heterogeneity of HCC. In addition,
the most prevalent of the critical driver mutations
that have been identified in HCC are not yet drug[302]
accessible targets
. Although several molecularly
targeted agents have been evaluated in clinical trials
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therapies for treating HCC patients.

15

REFERENCES
1

2
3
4

5

6

7

8

9

10

11
12

13
14

16

Lamarca A, Mendiola M, Barriuso J. Hepatocellular carcinoma:
Exploring the impact of ethnicity on molecular biology. Crit Rev
Oncol Hematol 2016; 105: 65-72 [PMID: 27372199 DOI: 10.1016/
j.critrevonc.2016.06.007]
Bosetti C, Turati F, La Vecchia C. Hepatocellular carcinoma
epidemiology. Best Pract Res Clin Gastroenterol 2014; 28:
753-770 [PMID: 25260306 DOI: 10.1016/j.bpg.2014.08.007]
Kulik LM, Chokechanachaisakul A. Evaluation and management
of hepatocellular carcinoma. Clin Liver Dis 2015; 19: 23-43 [PMID:
25454295 DOI: 10.1016/j.cld.2014.09.002]
Ahn SM, Jang SJ, Shim JH, Kim D, Hong SM, Sung CO, Baek
D, Haq F, Ansari AA, Lee SY, Chun SM, Choi S, Choi HJ, Kim
J, Kim S, Hwang S, Lee YJ, Lee JE, Jung WR, Jang HY, Yang
E, Sung WK, Lee NP, Mao M, Lee C, Zucman-Rossi J, Yu E,
Lee HC, Kong G. Genomic portrait of resectable hepatocellular
carcinomas: implications of RB1 and FGF19 aberrations for patient
stratification. Hepatology 2014; 60: 1972-1982 [PMID: 24798001
DOI: 10.1002/hep.27198]
Hai H, Tamori A, Kawada N. Role of hepatitis B virus DNA
integration in human hepatocarcinogenesis. World J Gastroenterol
2014; 20: 6236-6243 [PMID: 24876744 DOI: 10.3748/wjg.v20.
i20.6236]
Fantini M, Benvenuto M, Masuelli L, Frajese GV, Tresoldi I,
Modesti A, Bei R. In vitro and in vivo antitumoral effects of
combinations of polyphenols, or polyphenols and anticancer
drugs: perspectives on cancer treatment. Int J Mol Sci 2015; 16:
9236-9282 [PMID: 25918934 DOI: 10.3390/ijms16059236]
Takai A, Dang HT, Wang XW. Identification of drivers from
cancer genome diversity in hepatocellular carcinoma. Int J Mol
Sci 2014; 15: 11142-11160 [PMID: 24955791 DOI: 10.3390/
ijms150611142]
Nishida N, Goel A. Genetic and epigenetic signatures in human
hepatocellular carcinoma: a systematic review. Curr Genomics
2011; 12: 130-137 [PMID: 21966251 DOI: 10.2174/13892021179
5564359]
Budczies J, Pfarr N, Stenzinger A, Treue D, Endris V, Ismaeel
F, Bangemann N, Blohmer JU, Dietel M, Loibl S, Klauschen
F, Weichert W, Denkert C. Ioncopy: a novel method for calling
copy number alterations in amplicon sequencing data including
significance assessment. Oncotarget 2016; 7: 13236-13247 [PMID:
26910888 DOI: 10.18632/oncotarget.7451]
Facciorusso A, Villani R, Bellanti F, Mitarotonda D, Vendemiale
G, Serviddio G. Mitochondrial Signaling and Hepatocellular
Carcinoma: Molecular Mechanisms and Therapeutic Implications.
Curr Pharm Des 2016; 22: 2689-2696 [PMID: 26861645]
Vincent K, Pichler M, Lee GW, Ling H. MicroRNAs, genomic
instability and cancer. Int J Mol Sci 2014; 15: 14475-14491 [PMID:
25141103 DOI: 10.3390/ijms150814475]
Denisenko TV, Sorokina IV, Gogvadze V, Zhivotovsky B. Mitotic
catastrophe and cancer drug resistance: A link that must to be
broken. Drug Resist Updat 2016; 24: 1-12 [PMID: 26830311 DOI:
10.1016/j.drup.2015.11.002]
Giam M, Rancati G. Aneuploidy and chromosomal instability in
cancer: a jackpot to chaos. Cell Div 2015; 10: 3 [PMID: 26015801
DOI: 10.1186/s13008-015-0009-7]
Langie SA, Koppen G, Desaulniers D, Al-Mulla F, Al-Temaimi
R, Amedei A, Azqueta A, Bisson WH, Brown DG, Brunborg G,
Charles AK, Chen T, Colacci A, Darroudi F, Forte S, Gonzalez L,
Hamid RA, Knudsen LE, Leyns L, Lopez de Cerain Salsamendi
A, Memeo L, Mondello C, Mothersill C, Olsen AK, Pavanello S,
Raju J, Rojas E, Roy R, Ryan EP, Ostrosky-Wegman P, Salem HK,
Scovassi AI, Singh N, Vaccari M, Van Schooten FJ, Valverde M,
Woodrick J, Zhang L, van Larebeke N, Kirsch-Volders M, Collins
AR. Causes of genome instability: the effect of low dose chemical
exposures in modern society. Carcinogenesis 2015; 36 Suppl 1:

WJG|www.wjgnet.com

17

18
19
20
21

22
23
24
25

26

27

28

29

30

9085

S61-S88 [PMID: 26106144 DOI: 10.1093/carcin/bgv031]
Shen Z. Genomic instability and cancer: an introduction. J Mol
Cell Biol 2011; 3: 1-3 [PMID: 21278445 DOI: 10.1093/jmcb/
mjq057]
Lee JK, Choi YL, Kwon M, Park PJ. Mechanisms and
Consequences of Cancer Genome Instability: Lessons from
Genome Sequencing Studies. Annu Rev Pathol 2016; 11: 283-312
[PMID: 26907526 DOI: 10.1146/annurev-pathol-012615-044446]
Kantidakis T, Saponaro M, Mitter R, Horswell S, Kranz A,
Boeing S, Aygün O, Kelly GP, Matthews N, Stewart A, Stewart
AF, Svejstrup JQ. Mutation of cancer driver MLL2 results in
transcription stress and genome instability. Genes Dev 2016; 30:
408-420 [PMID: 26883360 DOI: 10.1101/gad.275453.115]
Pikor L, Thu K, Vucic E, Lam W. The detection and implication
of genome instability in cancer. Cancer Metastasis Rev 2013; 32:
341-352 [PMID: 23633034 DOI: 10.1007/s10555-013-9429-5]
Chan JY. A clinical overview of centrosome amplification
in human cancers. Int J Biol Sci 2011; 7: 1122-1144 [PMID:
22043171]
Bastians H. Causes of Chromosomal Instability. Recent Results
Cancer Res 2015; 200: 95-113 [PMID: 26376874 DOI: 10.1007/97
8-3-319-20291-4_5]
McGranahan N, Burrell RA, Endesfelder D, Novelli MR,
Swanton C. Cancer chromosomal instability: therapeutic and
diagnostic challenges. EMBO Rep 2012; 13: 528-538 [PMID:
22595889 DOI: 10.1038/embor.2012.61]
Martin SA, Hewish M, Lord CJ, Ashworth A. Genomic instability
and the selection of treatments for cancer. J Pathol 2010; 220:
281-289 [PMID: 19890832 DOI: 10.1002/path.2631]
Pinkel D, Albertson DG. Array comparative genomic hybridization
and its applications in cancer. Nat Genet 2005; 37 Suppl: S11-S17
[PMID: 15920524]
Yeh YT, Dai HY, Chien CY. Amplification of MPZL1/PZR gene in
hepatocellular carcinoma. Hepatobiliary Surg Nutr 2014; 3: 87-90
[PMID: 24812600 DOI: 10.3978/j.issn.2304-3881.2014.02.06]
Lonigro RJ, Grasso CS, Robinson DR, Jing X, Wu YM, Cao X,
Quist MJ, Tomlins SA, Pienta KJ, Chinnaiyan AM. Detection of
somatic copy number alterations in cancer using targeted exome
capture sequencing. Neoplasia 2011; 13: 1019-1025 [PMID:
22131877]
Wang X, Li X, Cheng Y, Sun X, Sun X, Self S, Kooperberg
C, Dai JY. Copy number alterations detected by whole-exome
and whole-genome sequencing of esophageal adenocarcinoma.
Hum Genomics 2015; 9: 22 [PMID: 26374103 DOI: 10.1186/
s40246-015-0044-0]
Vosberg S, Herold T, Hartmann L, Neumann M, Opatz S,
Metzeler KH, Schneider S, Graf A, Krebs S, Blum H, Baldus CD,
Hiddemann W, Spiekermann K, Bohlander SK, Mansmann U,
Greif PA. Close correlation of copy number aberrations detected by
next-generation sequencing with results from routine cytogenetics
in acute myeloid leukemia. Genes Chromosomes Cancer 2016; 55:
553-567 [PMID: 27015608 DOI: 10.1002/gcc.22359]
Kan Z, Zheng H, Liu X, Li S, Barber TD, Gong Z, Gao H, Hao K,
Willard MD, Xu J, Hauptschein R, Rejto PA, Fernandez J, Wang G,
Zhang Q, Wang B, Chen R, Wang J, Lee NP, Zhou W, Lin Z, Peng
Z, Yi K, Chen S, Li L, Fan X, Yang J, Ye R, Ju J, Wang K, Estrella
H, Deng S, Wei P, Qiu M, Wulur IH, Liu J, Ehsani ME, Zhang
C, Loboda A, Sung WK, Aggarwal A, Poon RT, Fan ST, Wang J,
Hardwick J, Reinhard C, Dai H, Li Y, Luk JM, Mao M. Wholegenome sequencing identifies recurrent mutations in hepatocellular
carcinoma. Genome Res 2013;23: 1422-1433 [PMID: 23788652
DOI: 10.1101/gr.154492.113]
Nishida N, Kudo M, Nishimura T, Arizumi T, Takita M, Kitai S,
Yada N, Hagiwara S, Inoue T, Minami Y, Ueshima K, Sakurai T,
Yokomichi N, Nagasaka T, Goel A. Unique association between
global DNA hypomethylation and chromosomal alterations in
human hepatocellular carcinoma. PLoS One 2013; 8: e72312
[PMID: 24023736 DOI: 10.1371/journal.pone.0072312]
Roessler S, Long EL, Budhu A, Chen Y, Zhao X, Ji J, Walker R,
Jia HL, Ye QH, Qin LX, Tang ZY, He P, Hunter KW, Thorgeirsson

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC

31

32

33

34

35

36

37

38
39

40
41

42

43

44

45

SS, Meltzer PS, Wang XW. Integrative genomic identification of
genes on 8p associated with hepatocellular carcinoma progression
and patient survival. Gastroenterology 2012; 142: 957-966.e12
[PMID: 22202459 DOI: 10.1053/j.gastro.2011.12.039]
Wang K, Lim HY, Shi S, Lee J, Deng S, Xie T, Zhu Z, Wang Y,
Pocalyko D, Yang WJ, Rejto PA, Mao M, Park CK, Xu J. Genomic
landscape of copy number aberrations enables the identification of
oncogenic drivers in hepatocellular carcinoma. Hepatology 2013;
58: 706-717 [PMID: 23505090 DOI: 10.1002/hep.26402]
Homayounfar K, Schwarz A, Enders C, Cameron S, Baumhoer
D, Ramadori G, Lorf T, Gunawan B, Sander B. Etiologic influence
on chromosomal aberrations in European hepatocellular carcinoma
identified by CGH. Pathol Res Pract 2013; 209: 380-387 [PMID:
23706943 DOI: 10.1016/j.prp.2013.04.004]
Fernandez-Banet J, Lee NP, Chan KT, Gao H, Liu X, Sung
WK, Tan W, Fan ST, Poon RT, Li S, Ching K, Rejto PA, Mao M,
Kan Z. Decoding complex patterns of genomic rearrangement in
hepatocellular carcinoma. Genomics 2014; 103: 189-203 [PMID:
24462510 DOI: 10.1016/j.ygeno.2014.01.003]
Wilkens L, Flemming P, Gebel M, Bleck J, Terkamp C, Wingen L,
Kreipe H, Schlegelberger B. Induction of aneuploidy by increasing
chromosomal instability during dedifferentiation of hepatocellular
carcinoma. Proc Natl Acad Sci USA 2004; 101: 1309-1314 [PMID:
14745031]
Bertino G, Demma S, Ardiri A, Proiti M, Gruttadauria S, Toro A,
Malaguarnera G, Bertino N, Malaguarnera M, Malaguarnera M,
Di Carlo I. Hepatocellular carcinoma: novel molecular targets in
carcinogenesis for future therapies. Biomed Res Int 2014; 2014:
203693 [PMID: 25089265 DOI: 10.1155/2014/203693]
Mínguez B, Tovar V, Chiang D, Villanueva A, Llovet JM.
Pathogenesis of hepatocellular carcinoma and molecular therapies.
Curr Opin Gastroenterol 2009; 25: 186-194 [PMID: 19387255
DOI: 10.1097/MOG.0b013e32832962a1]
Jia D, Wei L, Guo W, Zha R, Bao M, Chen Z, Zhao Y, Ge C, Zhao
F, Chen T, Yao M, Li J, Wang H, Gu J, He X. Genome-wide copy
number analyses identified novel cancer genes in hepatocellular
carcinoma. Hepatology 2011; 54: 1227-1236 [PMID: 21688285
DOI: 10.1002/hep.24495]
Chen L, Chan TH, Guan XY. Chromosome 1q21 amplification and
oncogenes in hepatocellular carcinoma. Acta Pharmacol Sin 2010;
31: 1165-1171 [PMID: 20676120 DOI: 10.1038/aps.2010.94]
Ma NF, Hu L, Fung JM, Xie D, Zheng BJ, Chen L, Tang DJ, Fu L,
Wu Z, Chen M, Fang Y, Guan XY. Isolation and characterization of
a novel oncogene, amplified in liver cancer 1, within a commonly
amplified region at 1q21 in hepatocellular carcinoma. Hepatology
2008; 47: 503-510 [PMID: 18023026]
Yim SH, Chung YJ. An overview of biomarkers and molecular
signatures in HCC. Cancers (Basel) 2010; 2:809-823 [PMID:
24281095 DOI: 10.3390/cancers2020809]
Wang Y, Wu MC, Sham JS, Zhang W, Wu WQ, Guan XY.
Prognostic significance of c-myc and AIB1 amplification in
hepatocellular carcinoma. A broad survey using high-throughput
tissue microarray. Cancer 2002; 95: 2346-2352 [PMID: 12436441]
Liu YJ, Zhou Y, Yeh MM. Recurrent genetic alterations in hepatitis
C-associated hepatocellular carcinoma detected by genomic
microarray: a genetic, clinical and pathological correlation study.
Mol Cytogenet 2014; 7: 81 [PMID: 25469175 DOI: 10.1186/
s13039-014-0081-8]
Hyeon J, Ahn S, Park CK. CHD1L Is a Marker for Poor Prognosis
of Hepatocellular Carcinoma after Surgical Resection. Korean
J Pathol 2013; 47: 9-15 [PMID: 23482400 DOI: 10.4132/
KoreanJPathol.2013.47.1.9]
Zhang SG, Song WQ, Gao YT, Yang B, Du Z. CD1d gene is a
target for a novel amplicon at 1q22-23.1 in human hepatocellular
carcinoma. Mol Biol Rep 2010; 37: 381-387 [PMID: 19757161
DOI: 10.1007/s11033-009-9817-7]
Jia D, Jing Y, Zhang Z, Liu L, Ding J, Zhao F, Ge C, Wang Q,
Chen T, Yao M, Li J, Gu J, He X. Amplification of MPZL1/
PZR promotes tumor cell migration through Src-mediated
phosphorylation of cortactin in hepatocellular carcinoma. Cell Res

WJG|www.wjgnet.com

46

47

48

49

50

51

52

53

54

55

56

57

58

9086

2014; 24: 204-217 [PMID: 24296779 DOI: 10.1038/cr.2013.158]
Kaposi-Novak P, Libbrecht L, Woo HG, Lee YH, Sears NC,
Coulouarn C, Conner EA, Factor VM, Roskams T, Thorgeirsson
SS. Central role of c-Myc during malignant conversion in human
hepatocarcinogenesis. Cancer Res 2009; 69: 2775-2782 [PMID:
19276364 DOI: 10.1158/0008-5472.CAN-08-3357]
Pedica F, Ruzzenente A, Bagante F, Capelli P, Cataldo I, Pedron
S, Iacono C, Chilosi M, Scarpa A, Brunelli M, Tomezzoli A,
Martignoni G, Guglielmi A. A re-emerging marker for prognosis in
hepatocellular carcinoma: the add-value of fishing c-myc gene for
early relapse. PLoS One 2013; 8: e68203 [PMID: 23874541 DOI:
10.1371/journal.pone.0068203]
Tameda M, Sugimoto K, Shiraki K, Yamamoto N, Okamoto
R, Usui M, Ito M, Takei Y, Nobori T, Kojima T, Suzuki H,
Uchida M, Uchida K. Collagen triple helix repeat containing 1
is overexpressed in hepatocellular carcinoma and promotes cell
proliferation and motility. Int J Oncol 2014; 45: 541-548 [PMID:
24841500 DOI: 10.3892/ijo.2014.2445]
Tanaka Y, Kanai F, Tada M, Tateishi R, Sanada M, Nannya Y,
Ohta M, Asaoka Y, Seto M, Shiina S, Yoshida H, Kawabe T,
Yokosuka O, Ogawa S, Omata M. Gain of GRHL2 is associated
with early recurrence of hepatocellular carcinoma. J Hepatol 2008;
49: 746-757 [PMID: 18752864 DOI: 10.1016/j.jhep.2008.06.019]
Chung KY, Cheng IK, Ching AK, Chu JH, Lai PB, Wong N.
Block of proliferation 1 (BOP1) plays an oncogenic role in
hepatocellular carcinoma by promoting epithelial-to-mesenchymal
transition. Hepatology 2011; 54: 307-318 [PMID: 21520196 DOI:
10.1002/hep.24372]
Tsuji K, Yasui K, Gen Y, Endo M, Dohi O, Zen K, Mitsuyoshi
H, Minami M, Itoh Y, Taniwaki M, Tanaka S, Arii S, Okanoue
T, Yoshikawa T. PEG10 is a probable target for the amplification
at 7q21 detected in hepatocellular carcinoma. Cancer Genet
Cytogenet 2010; 198: 118-125 [PMID: 20362226 DOI: 10.1016/
j.cancergencyto.2010.01.004]
Dong H, Zhang H, Liang J, Yan H, Chen Y, Shen Y, Kong Y, Wang
S, Zhao G, Jin W. Digital karyotyping reveals probable target genes
at 7q21.3 locus in hepatocellular carcinoma. BMC Med Genomics
2011; 4: 60 [PMID: 21767414 DOI: 10.1186/1755-8794-4-60]
Zhou L, Zhou W, Wu L, Yu X, Xing C, Zheng S. The association
of frequent allelic loss on 17p13.1 with early metastatic recurrence
of hepatocellular carcinoma after liver transplantation. J Surg
Oncol 2010; 102: 802-808 [PMID: 20886556 DOI: 10.1002/
jso.21743]
Okuno T, Ueda M, Tsuruyama T, Haga H, Takada Y, Maetani Y,
Tamaki K, Manabe T, Tanaka K, Uemoto S. Loss of heterozygosity
on 10q23 is involved in metastatic recurrence of hepatocellular
carcinoma. Cancer Sci 2009; 100: 520-528 [PMID: 19077004
DOI: 10.1111/j.1349-7006.2008.01056.x]
Midorikawa Y, Yamamoto S, Tsuji S, Kamimura N, Ishikawa
S, Igarashi H, Makuuchi M, Kokudo N, Sugimura H, Aburatani
H. Allelic imbalances and homozygous deletion on 8p23.2 for
stepwise progression of hepatocarcinogenesis. Hepatology 2009;
49: 513-522 [PMID: 19105209 DOI: 10.1002/hep.22698]
Zhang H, Ma H, Wang Q, Chen M, Weng D, Wang H, Zhou J, Li
Y, Sun J, Chen Y, Liang X, Zhao J, Pan K, Wang H, Xia J. Analysis
of loss of heterozygosity on chromosome 4q in hepatocellular
carcinoma using high-throughput SNP array. Oncol Rep 2010; 23:
445-455 [PMID: 20043106]
Moinzadeh P, Breuhahn K, Stützer H, Schirmacher P.
Chromosome alterations in human hepatocellular carcinomas
correlate with aetiology and histological grade--results of an
explorative CGH meta-analysis. Br J Cancer 2005; 92: 935-941
[PMID: 15756261]
Qi LN, Li LQ, Chen YY, Chen ZH, Bai T, Xiang BD, Qin X, Xiao
KY, Peng MH, Liu ZM, Liu TW, Qin X, Li S, Han ZG, Mo ZN,
Santella RM, Winkler CA, O’Brien SJ, Peng T. Genome-wide and
differential proteomic analysis of hepatitis B virus and aflatoxin
B1 related hepatocellular carcinoma in Guangxi, China. PLoS
One 2013; 8: e83465 [PMID: 24391771 DOI: 10.1371/journal.
pone.0083465]

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
59

60
61

62

63

64

65
66

67
68

69

70

71

72

73

74

Tornillo L, Carafa V, Sauter G, Moch H, Minola E, Gambacorta
M, Vecchione R, Bianchi L, Terracciano LM. Chromosomal
alterations in hepatocellular nodules by comparative genomic
hybridization: high-grade dysplastic nodules represent early stages
of hepatocellular carcinoma. Lab Invest 2002; 82: 547-553 [PMID:
12003995]
Lu T, Hano H. Identification of minimal regions of deletion at
8p23.1-22 associated with metastasis of hepatocellular carcinoma.
Liver Int 2007; 27: 782-790 [PMID: 17617121]
Pang JZ, Qin LX, Ren N, Hei ZY, Ye QH, Jia WD, Sun BS, Lin
GL, Liu DY, Liu YK, Tang ZY. Loss of heterozygosity at D8S298
is a predictor for long-term survival of patients with tumor-nodemetastasis stage I of hepatocellular carcinoma. Clin Cancer Res
2007; 13: 7363-7369 [PMID: 18094418]
Peng C, Zhang Z, Wu J, Lv Z, Tang J, Xie H, Zhou L, Zheng S. A
critical role for ZDHHC2 in metastasis and recurrence in human
hepatocellular carcinoma. Biomed Res Int 2014; 2014: 832712
[PMID: 24995331 DOI: 10.1155/2014/832712]
Huang GL, Li BK, Zhang MY, Zhang HZ, Wei RR, Yuan YF,
Shi M, Chen XQ, Huang L, Li AH, Huang BJ, Li HH, Wang
HY. LOH analysis of genes around D4S2964 identifies ARD1B
as a prognostic predictor of hepatocellular carcinoma. World J
Gastroenterol 2010; 16: 2046-2054 [PMID: 20419844]
Jang HS, Kang KM, Choi BO, Chai GY, Hong SC, Ha WS,
Jirtle RL. Clinical significance of loss of heterozygosity for M6P/
IGF2R in patients with primary hepatocellular carcinoma. World J
Gastroenterol 2008; 14: 1394-1398 [PMID: 18322954]
Luzhna L, Kathiria P, Kovalchuk O. Micronuclei in genotoxicity
assessment: from genetics to epigenetics and beyond. Front Genet
2013; 4: 131 [PMID: 23874352 DOI: 10.3389/fgene.2013.00131]
Terradas M, Martín M, Tusell L, Genescà A. Genetic activities in
micronuclei: is the DNA entrapped in micronuclei lost for the cell?
Mutat Res 2010; 705: 60-67 [PMID: 20307686 DOI: 10.1016/
j.mrrev.2010.03.004]
Samanta S, Dey P, Nijhawan R. Micronucleus in cervical
intraepithelial lesions and carcinoma. Acta Cytol 2011; 55: 42-47
[PMID: 21135521 DOI: 10.1159/000320792]
Lee YH, Oh BK, Yoo JE, Yoon SM, Choi J, Kim KS, Park YN.
Chromosomal instability, telomere shortening, and inactivation
of p21(WAF1/CIP1) in dysplastic nodules of hepatitis B virusassociated multistep hepatocarcinogenesis. Mod Pathol 2009; 22:
1121-1131 [PMID: 19465904 DOI: 10.1038/modpathol.2009.76]
Guido M, Fassan M, Giacomelli L, Cillo U, Farinati F, Burra
P, Fagiuoli S, Rugge M. Micronuclei and broken eggs in human
liver carcinogenesis. Anticancer Res 2008; 28: 2507-2511 [PMID:
18751442]
Stephens PJ, Greenman CD, Fu B, Yang F, Bignell GR, Mudie
LJ, Pleasance ED, Lau KW, Beare D, Stebbings LA, McLaren
S, Lin ML, McBride DJ, Varela I, Nik-Zainal S, Leroy C, Jia M,
Menzies A, Butler AP, Teague JW, Quail MA, Burton J, Swerdlow
H, Carter NP, Morsberger LA, Iacobuzio-Donahue C, Follows GA,
Green AR, Flanagan AM, Stratton MR, Futreal PA, Campbell PJ.
Massive genomic rearrangement acquired in a single catastrophic
event during cancer development. Cell 2011; 144: 27-40 [PMID:
21215367 DOI: 10.1016/j.cell.2010.11.055]
Crasta K, Ganem NJ, Dagher R, Lantermann AB, Ivanova EV, Pan
Y, Nezi L, Protopopov A, Chowdhury D, Pellman D. DNA breaks
and chromosome pulverization from errors in mitosis. Nature
2012; 482: 53-58 [PMID: 22258507 DOI: 10.1038/nature10802]
Kloosterman WP, Koster J, Molenaar JJ. Prevalence and
clinical implications of chromothripsis in cancer genomes. Curr
Opin Oncol 2014; 26: 64-72 [PMID: 24305569 DOI: 10.1097/
CCO.0000000000000038]
Kim TM, Park PJ. A genome-wide view of microsatellite
instability: old stories of cancer mutations revisited with new
sequencing technologies. Cancer Res 2014; 74: 6377-6382 [PMID:
25371413]
Dore MP, Realdi G, Mura D, Onida A, Massarelli G, Dettori G,
Graham DY, Sepulveda AR. Genomic instability in chronic viral
hepatitis and hepatocellular carcinoma. Hum Pathol 2001; 32:

WJG|www.wjgnet.com

75

76

77

78

79

80

81

82

83

84

85

86

9087

698-703 [PMID: 11486168]
Kawai H, Suda T, Aoyagi Y, Isokawa O, Mita Y, Waguri N,
Kuroiwa T, Igarashi M, Tsukada K, Mori S, Shimizu T, Suzuki
Y, Abe Y, Takahashi T, Nomoto M, Asakura H. Quantitative
evaluation of genomic instability as a possible predictor for
development of hepatocellular carcinoma: comparison of loss
of heterozygosity and replication error. Hepatology 2000; 31:
1246-1250 [PMID: 10827149]
Zhang SH, Cong WM, Xian ZH, Wu MC. Clinicopathological
significance of loss of heterozygosity and microsatellite instability
in hepatocellular carcinoma in China. World J Gastroenterol 2005;
11: 3034-3039 [PMID: 15918185]
Pang JZ, Qin LX, Ren N, Ye QH, Ying WD, Liu YK, Tang ZY.
Microsatellite alterations of circulating DNA in the plasma of
patients with hepatocellular carcinoma. Zhonghua Yi Xue Za Zhi
2006; 86: 1662-1665 [PMID: 16854315]
Chiappini F, Gross-Goupil M, Saffroy R, Azoulay D, Emile
JF, Veillhan LA, Delvart V, Chevalier S, Bismuth H, Debuire
B, Lemoine A. Microsatellite instability mutator phenotype
in hepatocellular carcinoma in non-alcoholic and non-virally
infected normal livers. Carcinogenesis 2004; 25: 541-547 [PMID:
14656944]
Togni R, Bagla N, Muiesan P, Miquel R, O’Grady J, Heaton N,
Knisely AS, Portmann B, Quaglia A. Microsatellite instability in
hepatocellular carcinoma in non-cirrhotic liver in patients older
than 60 years. Hepatol Res 2009; 39: 266-273 [PMID: 19054153
DOI: 10.1111/j.1872-034X.2008.00455.x]
Kondo Y, Kanai Y, Sakamoto M, Mizokami M, Ueda R,
Hirohashi S. Genetic instability and aberrant DNA methylation in
chronic hepatitis and cirrhosis--A comprehensive study of loss of
heterozygosity and microsatellite instability at 39 loci and DNA
hypermethylation on 8 CpG islands in microdissected specimens
from patients with hepatocellular carcinoma. Hepatology 2000; 32:
970-979 [PMID: 11050047]
Wang B, Yeh CB, Lein MY, Su CM, Yang SF, Liu YF, Tang CH.
Effects of HMGB1 Polymorphisms on the Susceptibility and
Progression of Hepatocellular Carcinoma. Int J Med Sci 2016; 13:
304-309 [PMID: 27076788 DOI: 10.7150/ijms.14877]
Zhang H, Zhai Y, Hu Z, Wu C, Qian J, Jia W, Ma F, Huang W, Yu L,
Yue W, Wang Z, Li P, Zhang Y, Liang R, Wei Z, Cui Y, Xie W, Cai
M, Yu X, Yuan Y, Xia X, Zhang X, Yang H, Qiu W, Yang J, Gong
F, Chen M, Shen H, Lin D, Zeng YX, He F, Zhou G. Genome-wide
association study identifies 1p36.22 as a new susceptibility locus for
hepatocellular carcinoma in chronic hepatitis B virus carriers. Nat
Genet 2010; 42: 755-758 [PMID: 20676096 DOI: 10.1038/ng.638]
Qu LS, Jin F, Guo YM, Liu TT, Xue RY, Huang XW, Xu M, Chen
TY, Ni ZP, Shen XZ. Nine susceptibility loci for hepatitis B virusrelated hepatocellular carcinoma identified by a pilot two-stage
genome-wide association study. Oncol Lett 2016; 11: 624-632
[PMID: 26870257]
Chen JH, Wang YY, Lv WB, Gan Y, Chang W, Tian NN,
Huang XH, Liu L, Yu XF, Chen SD. Effects of interactions
between environmental factors and KIF1B genetic variants on
the risk of hepatocellular carcinoma in a Chinese cohort. World
J Gastroenterol 2016; 22: 4183-4190 [PMID: 27122668 DOI:
10.3748/wjg.v22.i16.4183]
Sopipong W, Tangkijvanich P, Payungporn S, Posuwan N,
Poovorawan Y. The KIF1B (rs17401966) single nucleotide
polymorphism is not associated with the development of HBVrelated hepatocellular carcinoma in Thai patients. Asian Pac J
Cancer Prev 2013; 14: 2865-2869 [PMID: 23803045]
Sawai H, Nishida N, Mbarek H, Matsuda K, Mawatari Y, Yamaoka
M, Hige S, Kang JH, Abe K, Mochida S, Watanabe M, Kurosaki
M, Asahina Y, Izumi N, Honda M, Kaneko S, Tanaka E, Matsuura
K, Itoh Y, Mita E, Korenaga M, Hino K, Murawaki Y, Hiasa Y,
Ide T, Ito K, Sugiyama M, Ahn SH, Han KH, Park JY, Yuen MF,
Nakamura Y, Tanaka Y, Mizokami M, Tokunaga K. No association
for Chinese HBV-related hepatocellular carcinoma susceptibility
SNP in other East Asian populations. BMC Med Genet 2012; 13:
47 [PMID: 22712471 DOI: 10.1186/1471-2350-13-47]

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
87

88

89

90

91

92
93

94

95

96

97

Al-Qahtani A, Al-Anazi M, Viswan NA, Khalaf N, Abdo AA,
Sanai FM, Al-Ashgar H, Al-Ahdal M. Role of single nucleotide
polymorphisms of KIF1B gene in HBV-associated viral hepatitis.
PLoS One 2012; 7: e45128 [PMID: 23028799 DOI: 10.1371/
journal.pone.0045128]
Huang M, Pan Y, Liu J, Qi F, Wen J, Xie K, Ma H, Shen H, Liu
Y, Dai J. A genetic variant at KIF1B predicts clinical outcome
of HBV-related hepatocellular carcinoma in Chinese. Cancer
Epidemiol 2014; 38: 608-612 [PMID: 25153661 DOI: 10.1016/
j.canep.2014.07.012]
Pan H, Su C, Lin Y, Niu J. [The relationship between the KIF1B
(rs17401966) single nucleotide polymorphism and the genetic
susceptibility to Hepatocellular carcinoma]. Zhonghua Yu Fang Yi
Xue Za Zhi 2015; 49: 419-423 [PMID: 26081705]
Miki D, Ochi H, Hayes CN, Abe H, Yoshima T, Aikata H, Ikeda K,
Kumada H, Toyota J, Morizono T, Tsunoda T, Kubo M, Nakamura
Y, Kamatani N, Chayama K. Variation in the DEPDC5 locus is
associated with progression to hepatocellular carcinoma in chronic
hepatitis C virus carriers. Nat Genet 2011; 43: 797-800 [PMID:
21725309 DOI: 10.1038/ng.876]
Kumar V, Kato N, Urabe Y, Takahashi A, Muroyama R, Hosono
N, Otsuka M, Tateishi R, Omata M, Nakagawa H, Koike K,
Kamatani N, Kubo M, Nakamura Y, Matsuda K. Genome-wide
association study identifies a susceptibility locus for HCV-induced
hepatocellular carcinoma. Nat Genet 2011; 43: 455-458 [PMID:
21499248 DOI: 10.1038/ng.809]
Kato N, Muroyama R, Goto K. [Hepatitis C virus induced
hepatocellular carcinoma associated genes]. Nihon Rinsho 2015;
73: 333-338 [PMID: 25764692]
Burza MA, Motta BM, Mancina RM, Pingitore P, Pirazzi C,
Lepore SM, Spagnuolo R, Doldo P, Russo C, Lazzaro V, Fischer
J, Berg T, Aghemo A, Cheroni C, De Francesco R, Fargion S,
Colombo M, Datz C, Stickel F, Valenti L, Romeo S. DEPDC5
variants increase fibrosis progression in Europeans with chronic
hepatitis C virus infection. Hepatology 2016; 63: 418-427 [PMID:
26517016 DOI: 10.1002/hep.28322]
Li S, Qian J, Yang Y, Zhao W, Dai J, Bei JX, Foo JN, McLaren
PJ, Li Z, Yang J, Shen F, Liu L, Yang J, Li S, Pan S, Wang Y, Li
W, Zhai X, Zhou B, Shi L, Chen X, Chu M, Yan Y, Wang J, Cheng
S, Shen J, Jia W, Liu J, Yang J, Wen Z, Li A, Zhang Y, Zhang G,
Luo X, Qin H, Chen M, Wang H, Jin L, Lin D, Shen H, He L, de
Bakker PI, Wang H, Zeng YX, Wu M, Hu Z, Shi Y, Liu J, Zhou W.
GWAS identifies novel susceptibility loci on 6p21.32 and 21q21.3
for hepatocellular carcinoma in chronic hepatitis B virus carriers.
PLoS Genet 2012;8: e1002791 [PMID: 22807686 DOI: 10.1371/
journal.pgen.1002791]
Moonesinghe R, Ioannidis JP, Flanders WD, Yang Q, Truman
BI, Khoury MJ. Estimating the contribution of genetic variants to
difference in incidence of disease between population groups. Eur
J Hum Genet 2012; 20: 831-836 [PMID: 22333905 DOI: 10.1038/
ejhg.2012.15]
Clifford RJ, Zhang J, Meerzaman DM, Lyu MS, Hu Y, Cultraro
CM, Finney RP, Kelley JM, Efroni S, Greenblum SI, Nguyen CV,
Rowe WL, Sharma S, Wu G, Yan C, Zhang H, Chung YH, Kim
JA, Park NH, Song IH, Buetow KH. Genetic variations at loci
involved in the immune response are risk factors for hepatocellular
carcinoma. Hepatology 2010; 52: 2034-2043 [PMID: 21105107
DOI: 10.1002/hep.23943]
Jiang DK, Sun J, Cao G, Liu Y, Lin D, Gao YZ, Ren WH, Long
XD, Zhang H, Ma XP, Wang Z, Jiang W, Chen TY, Gao Y, Sun LD,
Long JR, Huang HX, Wang D, Yu H, Zhang P, Tang LS, Peng B,
Cai H, Liu TT, Zhou P, Liu F, Lin X, Tao S, Wan B, Sai-Yin HX,
Qin LX, Yin J, Liu L, Wu C, Pei Y, Zhou YF, Zhai Y, Lu PX, Tan
A, Zuo XB, Fan J, Chang J, Gu X, Wang NJ, Li Y, Liu YK, Zhai
K, Zhang H, Hu Z, Liu J, Yi Q, Xiang Y, Shi R, Ding Q, Zheng W,
Shu XO, Mo Z, Shugart YY, Zhang XJ, Zhou G, Shen H, Zheng
SL, Xu J, Yu L. Genetic variants in STAT4 and HLA-DQ genes
confer risk of hepatitis B virus-related hepatocellular carcinoma.
Nat Genet 2013; 45: 72-75 [PMID: 23242368 DOI: 10.1038/
ng.2483]

WJG|www.wjgnet.com

98

99

100

101

102

103

104

105

106

107

9088

Khalifa RH, Bahgat DM, Darwish HA, Shahin RM. Significant
association between FasL gene -844T/C polymorphism and risk to
hepatocellular carcinoma in Egyptian patients. Immunol Lett 2016;
172: 84-88 [PMID: 26891954 DOI: 10.1016/j.imlet.2016.02.007]
Xie CR, Sun HG, Sun Y, Zhao WX, Zhang S, Wang XM, Yin ZY.
Significance of genetic variants in DLC1 and their association
with hepatocellular carcinoma. Mol Med Rep 2015; 12: 4203-4209
[PMID: 26095787 DOI: 10.3892/mmr.2015.3970]
Chen Y, Zhang H, Liao W, Zhou J, He G, Xie X, Fei R, Qin
L, Wei L, Chen H. FOXP3 gene polymorphism is associated
with hepatitis B-related hepatocellular carcinoma in China. J
Exp Clin Cancer Res 2013; 32: 39 [PMID: 23759077 DOI:
10.1186/1756-9966-32-39]
Fujimoto A, Totoki Y, Abe T, Boroevich KA, Hosoda F, Nguyen
HH, Aoki M, Hosono N, Kubo M, Miya F, Arai Y, Takahashi H,
Shirakihara T, Nagasaki M, Shibuya T, Nakano K, WatanabeMakino K, Tanaka H, Nakamura H, Kusuda J, Ojima H, Shimada
K, Okusaka T, Ueno M, Shigekawa Y, Kawakami Y, Arihiro
K, Ohdan H, Gotoh K, Ishikawa O, Ariizumi S, Yamamoto M,
Yamada T, Chayama K, Kosuge T, Yamaue H, Kamatani N,
Miyano S, Nakagama H, Nakamura Y, Tsunoda T, Shibata T,
Nakagawa H. Whole-genome sequencing of liver cancers identifies
etiological influences on mutation patterns and recurrent mutations
in chromatin regulators. Nat Genet 2012; 44: 760-764 [PMID:
22634756 DOI: 10.1038/ng.2291]
Guichard C, Amaddeo G, Imbeaud S, Ladeiro Y, Pelletier L, Maad
IB, Calderaro J, Bioulac-Sage P, Letexier M, Degos F, Clément B,
Balabaud C, Chevet E, Laurent A, Couchy G, Letouzé E, Calvo
F, Zucman-Rossi J. Integrated analysis of somatic mutations and
focal copy-number changes identifies key genes and pathways in
hepatocellular carcinoma. Nat Genet 2012; 44: 694-698 [PMID:
22561517 DOI: 10.1038/ng.2256]
Kawai-Kitahata F, Asahina Y, Tanaka S, Kakinuma S, Murakawa
M, Nitta S, Watanabe T, Otani S, Taniguchi M, Goto F, Nagata H,
Kaneko S, Tasaka-Fujita M, Nishimura-Sakurai Y, Azuma S, Itsui
Y, Nakagawa M, Tanabe M, Takano S, Fukasawa M, Sakamoto M,
Maekawa S, Enomoto N, Watanabe M. Comprehensive analyses
of mutations and hepatitis B virus integration in hepatocellular
carcinoma with clinicopathological features. J Gastroenterol 2016;
51: 473-486 [PMID: 26553052 DOI: 10.1007/s00535-015-1126-4]
Nault JC, Mallet M, Pilati C, Calderaro J, Bioulac-Sage P, Laurent
C, Laurent A, Cherqui D, Balabaud C, Zucman-Rossi J. High
frequency of telomerase reverse-transcriptase promoter somatic
mutations in hepatocellular carcinoma and preneoplastic lesions.
Nat Commun 2013; 4: 2218 [PMID: 23887712 DOI: 10.1038/
ncomms3218]
Nault JC, Calderaro J, Di Tommaso L, Balabaud C, Zafrani
ES, Bioulac-Sage P, Roncalli M, Zucman-Rossi J. Telomerase
reverse transcriptase promoter mutation is an early somatic
genetic alteration in the transformation of premalignant nodules
in hepatocellular carcinoma on cirrhosis. Hepatology 2014; 60:
1983-1992 [PMID: 25123086 DOI: 10.1002/hep.27372]
Schulze K, Imbeaud S, Letouzé E, Alexandrov LB, Calderaro
J, Rebouissou S, Couchy G, Meiller C, Shinde J, Soysouvanh F,
Calatayud AL, Pinyol R, Pelletier L, Balabaud C, Laurent A, Blanc
JF, Mazzaferro V, Calvo F, Villanueva A, Nault JC, Bioulac-Sage
P, Stratton MR, Llovet JM, Zucman-Rossi J. Exome sequencing of
hepatocellular carcinomas identifies new mutational signatures and
potential therapeutic targets. Nat Genet 2015; 47: 505-511 [PMID:
25822088 DOI: 10.1038/ng.3252]
Totoki Y, Tatsuno K, Covington KR, Ueda H, Creighton CJ, Kato
M, Tsuji S, Donehower LA, Slagle BL, Nakamura H, Yamamoto
S, Shinbrot E, Hama N, Lehmkuhl M, Hosoda F, Arai Y, Walker
K, Dahdouli M, Gotoh K, Nagae G, Gingras MC, Muzny DM,
Ojima H, Shimada K, Midorikawa Y, Goss JA, Cotton R, Hayashi
A, Shibahara J, Ishikawa S, Guiteau J, Tanaka M, Urushidate T,
Ohashi S, Okada N, Doddapaneni H, Wang M, Zhu Y, Dinh H,
Okusaka T, Kokudo N, Kosuge T, Takayama T, Fukayama M,
Gibbs RA, Wheeler DA, Aburatani H, Shibata T. Trans-ancestry
mutational landscape of hepatocellular carcinoma genomes. Nat

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC

108
109
110
111

112

113

114

115

116

117

118

119

120

121

122
123

Genet 2014; 46: 1267-1273 [PMID: 25362482 DOI: 10.1038/
ng.3126]
Li S, Mao M. Next generation sequencing reveals genetic
landscape of hepatocellular carcinomas. Cancer Lett 2013; 340:
247-253 [PMID: 23063663 DOI: 10.1016/j.canlet.2012.09.027]
Buendia MA, Neuveut C. Hepatocellular carcinoma. Cold Spring
Harb Perspect Med 2015; 5: a021444 [PMID: 25646384 DOI:
10.1101/cshperspect.a021444]
Bruix J, Han KH, Gores G, Llovet JM, Mazzaferro V. Liver
cancer: Approaching a personalized care. J Hepatol 2015; 62:
S144-S156 [PMID: 25920083 DOI: 10.1016/j.jhep.2015.02.007]
Ang C, Miura JT, Gamblin TC, He R, Xiu J, Millis SZ, Gatalica Z,
Reddy SK, Yee NS, Abou-Alfa GK. Comprehensive multiplatform
biomarker analysis of 350 hepatocellular carcinomas identifies
potential novel therapeutic options. J Surg Oncol 2016; 113: 55-61
[PMID: 26661118 DOI: 10.1002/jso.24086]
Villanueva A, Llovet JM. Liver cancer in 2013: Mutational
landscape of HCC--the end of the beginning. Nat Rev Clin
Oncol 2014; 11: 73-74 [PMID: 24395088 DOI: 10.1038/
nrclinonc.2013.243]
Hirotsu Y, Zheng TH, Amemiya K, Mochizuki H, Guleng B,
Omata M. Targeted and exome sequencing identified somatic
mutations in hepatocellular carcinoma. Hepatol Res 2016; 46:
1145-1151 [PMID: 26850916 DOI: 10.1111/hepr.12663]
Liao W, Yang H, Xu H, Wang Y, Ge P, Ren J, Xu W, Lu X,
Sang X, Zhong S, Zhang H, Mao Y. Noninvasive detection of
tumor-associated mutations from circulating cell-free DNA in
hepatocellular carcinoma patients by targeted deep sequencing.
Oncotarget 2016; 7: 40481-40490 [PMID: 27248174 DOI:
10.18632/oncotarget.9629]
Zucman-Rossi J, Villanueva A, Nault JC, Llovet JM. Genetic
Landscape and Biomarkers of Hepatocellular Carcinoma.
Gastroenterology 2015; 149: 1226-1239.e4 [PMID: 26099527
DOI: 10.1053/j.gastro.2015.05.061]
Wang Z, Jiang Y, Guan D, Li J, Yin H, Pan Y, Xie D, Chen Y.
Critical roles of p53 in epithelial-mesenchymal transition and
metastasis of hepatocellular carcinoma cells. PLoS One 2013; 8:
e72846 [PMID: 24023784 DOI: 10.1371/journal.pone.0072846]
El-Din HG, Ghafar NA, Saad NE, Aziz M, Rasheed D, Hassan
EM. Relationship between codon 249 mutation in exon 7 of
p53 gene and diagnosis of hepatocellular carcinoma. Arch
Med Sci 2010; 6: 348-355 [PMID: 22371770 DOI: 10.5114/
aoms.2010.14254]
Ierardi E, Rosania R, Zotti M, Giorgio F, Prencipe S, Valle
ND, Francesco VD, Panella C. From chronic liver disorders to
hepatocellular carcinoma: Molecular and genetic pathways. World
J Gastrointest Oncol 2010; 2: 259-264 [PMID: 21160638 DOI:
10.4251/wjgo.v2.i6.259]
Gouas D, Shi H, Hainaut P. The aflatoxin-induced TP53 mutation
at codon 249 (R249S): biomarker of exposure, early detection and
target for therapy. Cancer Lett 2009; 286: 29-37 [PMID: 19376640
DOI: 10.1016/j.canlet.2009.02.057]
Kirk GD, Lesi OA, Mendy M, Szymañska K, Whittle H, Goedert
JJ, Hainaut P, Montesano R. 249(ser) TP53 mutation in plasma
DNA, hepatitis B viral infection, and risk of hepatocellular
carcinoma. Oncogene 2005; 24: 5858-5867 [PMID: 16007211]
Tanase AM, Marchio A, Dumitrascu T, Dima S, Herlea V,
Oprisan G, Dejean A, Popescu I, Pineau P. Mutation spectrum of
hepatocellular carcinoma from eastern-European patients betrays
the impact of a complex exposome. J Expo Sci Environ Epidemiol
2015; 25: 256-263 [PMID: 24736102 DOI: 10.1038/jes.2014.16]
Zhang XD, Wang Y, Ye LH. Hepatitis B virus X protein accelerates
the development of hepatoma. Cancer Biol Med 2014; 11: 182-190
[PMID: 25364579 DOI: 10.7497/j.issn.2095-3941.2014.03.004]
Gouas DA, Villar S, Ortiz-Cuaran S, Legros P, Ferro G, Kirk GD,
Lesi OA, Mendy M, Bah E, Friesen MD, Groopman J, Chemin I,
Hainaut P. TP53 R249S mutation, genetic variations in HBX and
risk of hepatocellular carcinoma in The Gambia. Carcinogenesis
2012; 33: 1219-1224 [PMID: 22759751 DOI: 10.1093/carcin/
bgs068]

WJG|www.wjgnet.com

124 Ortiz-Cuaran S, Villar S, Gouas D, Ferro G, Plymoth A,
Khuhaprema T, Kalalak A, Sangrajrang S, Friesen MD, Groopman
JD, Hainaut P. Association between HBX status, aflatoxin-induced
R249S TP53 mutation and risk of hepatocellular carcinoma in a
case-control study from Thailand. Cancer Lett 2013; 331: 46-51
[PMID: 23200676 DOI: 10.1016/j.canlet.2012.11.012]
125 Jiang W, Wang XW, Unger T, Forgues M, Kim JW, Hussain
SP, Bowman E, Spillare EA, Lipsky MM, Meck JM, Cavalli
LR, Haddad BR, Harris CC. Cooperation of tumor-derived HBx
mutants and p53-249(ser) mutant in regulating cell proliferation,
anchorage-independent growth and aneuploidy in a telomeraseimmortalized normal human hepatocyte-derived cell line. Int J
Cancer 2010; 127: 1011-1020 [PMID: 20017137 DOI: 10.1002/
ijc.25118]
126 Zender L, Villanueva A, Tovar V, Sia D, Chiang DY, Llovet
JM. Cancer gene discovery in hepatocellular carcinoma. J
Hepatol 2010; 52: 921-929 [PMID: 20385424 DOI: 10.1016/
j.jhep.2009.12.034]
127 Lu JW, Yang WY, Tsai SM, Lin YM, Chang PH, Chen JR, Wang
HD, Wu JL, Jin SL, Yuh CH. Liver-specific expressions of HBx
and src in the p53 mutant trigger hepatocarcinogenesis in zebrafish.
PLoS One 2013; 8: e76951 [PMID: 24130815 DOI: 10.1371/
journal.pone.0076951]
128 Selimovic D, El-Khattouti A, Ghozlan H, Haikel Y, Abdelkader
O, Hassan M. Hepatitis C virus-related hepatocellular carcinoma:
An insight into molecular mechanisms and therapeutic strategies.
World J Hepatol 2012; 4: 342-355 [PMID: 23355912 DOI:
10.4254/wjh.v4.i12.342]
129 Shen Y, Zhang S, Huang X, Chen K, Shen J, Wang Z. Involvement
of p53 mutation and mismatch repair proteins dysregulation in
NNK-induced malignant transformation of human bronchial
epithelial cells. Biomed Res Int 2014; 2014: 920275 [PMID:
25215298 DOI: 10.1155/2014/920275]
130 Nishimura T, Kohara M, Izumi K, Kasama Y, Hirata Y, Huang Y,
Shuda M, Mukaidani C, Takano T, Tokunaga Y, Nuriya H, Satoh M,
Saito M, Kai C, Tsukiyama-Kohara K. Hepatitis C virus impairs
p53 via persistent overexpression of 3beta-hydroxysterol Delta24reductase. J Biol Chem 2009; 284: 36442-36452 [PMID: 19861417
DOI: 10.1074/jbc.M109.043232]
131 Long J, Wang Y, Li M, Tong WM, Jia JD, Huang J. Correlation
of TP53 mutations with HCV positivity in hepatocarcinogenesis:
identification of a novel TP53 microindel in hepatocellular
carcinoma with HCV infection. Oncol Rep 2013; 30: 119-124
[PMID: 23624687 DOI: 10.3892/or.2013.2430]
132 Kasprzak A, Adamek A, Przybyszewska W, Czajka A, Olejniczak
K, Juszczyk J, Biczysko W, Zabel M. p53 immunocytochemistry
and TP53 gene mutations in patients with chronic hepatitis C
virus (HCV) infection. Folia Histochem Cytobiol 2009; 47: 35-42
[PMID: 19419935 DOI: 10.2478/v10042-009-0003-5]
133 Chittmittrapap S, Chieochansin T, Chaiteerakij R, Treeprasertsuk
S, Klaikaew N, Tangkijvanich P, Komolmit P, Poovorawan Y.
Prevalence of aflatoxin induced p53 mutation at codon 249 (R249s)
in hepatocellular carcinoma patients with and without hepatitis
B surface antigen (HBsAg). Asian Pac J Cancer Prev 2013; 14:
7675-7679 [PMID: 24460352]
134 Teufel A, Staib F, Kanzler S, Weinmann A, Schulze-Bergkamen
H, Galle PR. Genetics of hepatocellular carcinoma. World J
Gastroenterol 2007; 13: 2271-2282 [PMID: 17511024]
135 Galy O, Chemin I, Le Roux E, Villar S, Le Calvez-Kelm F, Lereau
M, Gouas D, Vieco B, Suarez I, Navas MC, Chevallier M, Norder
H, Srivatanakul P, Karalak A, Sangrajrang S, Trépo C, Hainaut
P. Mutations in TP53 and CTNNB1 in Relation to Hepatitis B
and C Infections in Hepatocellular Carcinomas from Thailand.
Hepat Res Treat 2011; 2011: 697162 [PMID: 21760996 DOI:
10.1155/2011/697162]
136 Qi LN, Bai T, Chen ZS, Wu FX, Chen YY, De Xiang B, Peng
T, Han ZG, Li LQ. The p53 mutation spectrum in hepatocellular
carcinoma from Guangxi, China: role of chronic hepatitis B virus
infection and aflatoxin B1 exposure. Liver Int 2015; 35: 999-1009
[PMID: 24461059 DOI: 10.1111/liv.12460]

9089

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
137 Nogueira JA, Ono-Nita SK, Nita ME, de Souza MM, do Carmo
EP, Mello ES, Scapulatempo C, Paranaguá-Vezozzo DC, Carrilho
FJ, Alves VA. 249 TP53 mutation has high prevalence and is
correlated with larger and poorly differentiated HCC in Brazilian
patients. BMC Cancer 2009; 9: 204 [PMID: 19558663 DOI:
10.1186/1471-2407-9-204]
138 Cleary SP, Jeck WR, Zhao X, Chen K, Selitsky SR, Savich
GL, Tan TX, Wu MC, Getz G, Lawrence MS, Parker JS, Li J,
Powers S, Kim H, Fischer S, Guindi M, Ghanekar A, Chiang
DY. Identification of driver genes in hepatocellular carcinoma
by exome sequencing. Hepatology 2013; 58: 1693-1702 [PMID:
23728943 DOI: 10.1002/hep.26540]
139 Liu J, Ma Q, Zhang M, Wang X, Zhang D, Li W, Wang F, Wu E.
Alterations of TP53 are associated with a poor outcome for patients
with hepatocellular carcinoma: evidence from a systematic review
and meta-analysis. Eur J Cancer 2012; 48: 2328-2338 [PMID:
22459764 DOI: 10.1016/j.ejca.2012.03.001]
140 Zhan P, Ji YN, Yu LK. TP53 mutation is associated with a poor
outcome for patients with hepatocellular carcinoma: evidence from
a meta-analysis. Hepatobiliary Surg Nutr 2013; 2: 260-265 [PMID:
24570956 DOI: 10.3978/j.issn.2304-3881.2013.07.06]
141 Amaddeo G, Cao Q, Ladeiro Y, Imbeaud S, Nault JC, Jaoui D,
Gaston Mathe Y, Laurent C, Laurent A, Bioulac-Sage P, Calderaro
J, Zucman-Rossi J. Integration of tumour and viral genomic
characterizations in HBV-related hepatocellular carcinomas.
Gut 2015; 64: 820-829 [PMID: 25021421 DOI: 10.1136/
gutjnl-2013-306228]
142 Villanueva A, Hoshida Y. Depicting the role of TP53 in
hepatocellular carcinoma progression. J Hepatol 2011; 55: 724-725
[PMID: 21616106 DOI: 10.1016/j.jhep.2011.03.018]
143 Subbiah IM, Falchook GS, Kaseb AO, Hess KR, Tsimberidou
AM, Fu S, Subbiah V, Hong DS, Naing A, Piha-Paul SA, Akmal
O, Janku F, Kurzrock R. Exploring response signals and targets in
aggressive unresectable hepatocellular carcinoma: an analysis of
targeted therapy phase 1 trials. Oncotarget 2015; 6: 28453-28462
[PMID: 26164085 DOI: 10.18632/oncotarget.4601]
144 Parrales A, Iwakuma T. Targeting Oncogenic Mutant p53 for
Cancer Therapy. Front Oncol 2015; 5: 288 [PMID: 26732534 DOI:
10.3389/fonc.2015.00288]
145 Sarek G, Marzec P, Margalef P, Boulton SJ. Molecular basis
of telomere dysfunction in human genetic diseases. Nat Struct
Mol Biol 2015; 22: 867-874 [PMID: 26581521 DOI: 10.1038/
nsmb.3093]
146 Bell RJ, Rube HT, Kreig A, Mancini A, Fouse SD, Nagarajan RP,
Choi S, Hong C, He D, Pekmezci M, Wiencke JK, Wrensch MR,
Chang SM, Walsh KM, Myong S, Song JS, Costello JF. Cancer.
The transcription factor GABP selectively binds and activates the
mutant TERT promoter in cancer. Science 2015; 348: 1036-1039
[PMID: 25977370 DOI: 10.1126/science.aab0015]
147 Makowski MM, Willems E, Fang J, Choi J, Zhang T, Jansen PW,
Brown KM, Vermeulen M. An interaction proteomics survey of
transcription factor binding at recurrent TERT promoter mutations.
Proteomics 2016; 16: 417-426 [PMID: 26553150 DOI: 10.1002/
pmic.201500327]
148 Akincilar SC, Unal B, Tergaonkar V. Reactivation of telomerase in
cancer. Cell Mol Life Sci 2016; 73: 1659-1670 [PMID: 26846696
DOI: 10.1007/s00018-016-2146-9]
149 Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L, Garraway LA.
Highly recurrent TERT promoter mutations in human melanoma.
Science 2013; 339: 957-959 [PMID: 23348506 DOI: 10.1126/
science.1229259]
150 Horn S, Figl A, Rachakonda PS, Fischer C, Sucker A, Gast A,
Kadel S, Moll I, Nagore E, Hemminki K, Schadendorf D, Kumar
R. TERT promoter mutations in familial and sporadic melanoma.
Science 2013; 339: 959-961 [PMID: 23348503 DOI: 10.1126/
science.1230062]
151 Huang FW, Bielski CM, Rinne ML, Hahn WC, Sellers WR,
Stegmeier F, Garraway LA, Kryukov GV. TERT promoter
mutations and monoallelic activation of TERT in cancer.
Oncogenesis 2015; 4: e176 [PMID: 26657580 DOI: 10.1038/

WJG|www.wjgnet.com

oncsis.2015.39]
152 Li Y, Tergaonkar V. Telomerase reactivation in cancers: Mecha
nisms that govern transcriptional activation of the wild-type vs.
mutant TERT promoters. Transcription 2016; 7: 44-49 [PMID:
27028424]
153 Borah S, Xi L, Zaug AJ, Powell NM, Dancik GM, Cohen
SB, Costello JC, Theodorescu D, Cech TR. TERT promoter
mutations and telomerase reactivation in urothelial cancer.
Science 2015; 347: 1006-1010 [PMID: 25722414 DOI: 10.1126/
science.1260200]
154 Vinagre J, Almeida A, Pópulo H, Batista R, Lyra J, Pinto V,
Coelho R, Celestino R, Prazeres H, Lima L, Melo M, da Rocha
AG, Preto A, Castro P, Castro L, Pardal F, Lopes JM, Santos LL,
Reis RM, Cameselle-Teijeiro J, Sobrinho-Simões M, Lima J,
Máximo V, Soares P. Frequency of TERT promoter mutations in
human cancers. Nat Commun 2013; 4: 2185 [PMID: 23887589
DOI: 10.1038/ncomms3185]
155 Sung WK, Zheng H, Li S, Chen R, Liu X, Li Y, Lee NP, Lee
WH, Ariyaratne PN, Tennakoon C, Mulawadi FH, Wong KF, Liu
AM, Poon RT, Fan ST, Chan KL, Gong Z, Hu Y, Lin Z, Wang
G, Zhang Q, Barber TD, Chou WC, Aggarwal A, Hao K, Zhou
W, Zhang C, Hardwick J, Buser C, Xu J, Kan Z, Dai H, Mao M,
Reinhard C, Wang J, Luk JM. Genome-wide survey of recurrent
HBV integration in hepatocellular carcinoma. Nat Genet 2012; 44:
765-769 [PMID: 22634754 DOI: 10.1038/ng.2295]
156 Paterlini-Bréchot P, Saigo K, Murakami Y, Chami M, Gozuacik
D, Mugnier C, Lagorce D, Bréchot C. Hepatitis B virus-related
insertional mutagenesis occurs frequently in human liver cancers
and recurrently targets human telomerase gene. Oncogene 2003;
22: 3911-3916 [PMID: 12813464]
157 Toh ST, Jin Y, Liu L, Wang J, Babrzadeh F, Gharizadeh B,
Ronaghi M, Toh HC, Chow PK, Chung AY, Ooi LL, Lee CG. Deep
sequencing of the hepatitis B virus in hepatocellular carcinoma
patients reveals enriched integration events, structural alterations
and sequence variations. Carcinogenesis 2013; 34: 787-798 [PMID:
23276797 DOI: 10.1093/carcin/bgs406]
158 Pezzuto F, Izzo F, Buonaguro L, Annunziata C, Tatangelo F, Botti
G, Buonaguro FM, Tornesello ML. Tumor specific mutations in
TERT promoter and CTNNB1 gene in hepatitis B and hepatitis C
related hepatocellular carcinoma. Oncotarget 2016; Epub ahead of
print [PMID: 27276713 DOI: 10.18632/oncotarget.9801]
159 Weinhold N, Jacobsen A, Schultz N, Sander C, Lee W. Genomewide analysis of noncoding regulatory mutations in cancer. Nat
Genet 2014; 46: 1160-1165 [PMID: 25261935 DOI: 10.1038/
ng.3101]
160 Fredriksson NJ, Ny L, Nilsson JA, Larsson E. Systematic analysis
of noncoding somatic mutations and gene expression alterations
across 14 tumor types. Nat Genet 2014; 46: 1258-1263 [PMID:
25383969 DOI: 10.1038/ng.3141]
161 Killela PJ, Reitman ZJ, Jiao Y, Bettegowda C, Agrawal N,
Diaz LA, Friedman AH, Friedman H, Gallia GL, Giovanella
BC, Grollman AP, He TC, He Y, Hruban RH, Jallo GI, Mandahl
N, Meeker AK, Mertens F, Netto GJ, Rasheed BA, Riggins
GJ, Rosenquist TA, Schiffman M, Shih IeM, Theodorescu D,
Torbenson MS, Velculescu VE, Wang TL, Wentzensen N, Wood
LD, Zhang M, McLendon RE, Bigner DD, Kinzler KW, Vogelstein
B, Papadopoulos N, Yan H. TERT promoter mutations occur
frequently in gliomas and a subset of tumors derived from cells
with low rates of self-renewal. Proc Natl Acad Sci USA 2013; 110:
6021-6026 [PMID: 23530248 DOI: 10.1073/pnas.1303607110]
162 Quaas A, Oldopp T, Tharun L, Klingenfeld C, Krech T, Sauter
G, Grob TJ. Frequency of TERT promoter mutations in primary
tumors of the liver. Virchows Arch 2014; 465: 673-677 [PMID:
25267585 DOI: 10.1007/s00428-014-1658-7]
163 Cevik D, Yildiz G, Ozturk M. Common telomerase reverse
transcriptase promoter mutations in hepatocellular carcinomas
from different geographical locations. World J Gastroenterol 2015;
21: 311-317 [PMID: 25574106 DOI: 10.3748/wjg.v21.i1.311]
164 Chen YL, Jeng YM, Chang CN, Lee HJ, Hsu HC, Lai PL,
Yuan RH. TERT promoter mutation in resectable hepatocellular

9090

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC

165

166

167
168

169

170

171

172

173
174
175

176
177

178

179

carcinomas: a strong association with hepatitis C infection and
absence of hepatitis B infection. Int J Surg 2014; 12: 659-665
[PMID: 24866078 DOI: 10.1016/j.ijsu.2014.05.066]
Yang X, Guo X, Chen Y, Chen G, Ma Y, Huang K, Zhang Y, Zhao
Q, Winkler CA, An P, Lyu J. Telomerase reverse transcriptase
promoter mutations in hepatitis B virus-associated hepatocellular
carcinoma. Oncotarget 2016; 7: 27838-27847 [PMID: 27056898
DOI: 10.18632/oncotarget.8539]
Huang DS, Wang Z, He XJ, Diplas BH, Yang R, Killela PJ,
Meng Q, Ye ZY, Wang W, Jiang XT, Xu L, He XL, Zhao ZS,
Xu WJ, Wang HJ, Ma YY, Xia YJ, Li L, Zhang RX, Jin T, Zhao
ZK, Xu J, Yu S, Wu F, Liang J, Wang S, Jiao Y, Yan H, Tao HQ.
Recurrent TERT promoter mutations identified in a large-scale
study of multiple tumour types are associated with increased
TERT expression and telomerase activation. Eur J Cancer 2015;
51: 969-976 [PMID: 25843513 DOI: 10.1016/j.ejca.2015.03.010]
Donati B, Valenti L. Telomeres, NAFLD and Chronic Liver
Disease. Int J Mol Sci 2016; 17: 383 [PMID: 26999107 DOI:
10.3390/ijms17030383]
Oh BK, Kim YJ, Park YN, Choi J, Kim KS, Park C. Quantitative
assessment of hTERT mRNA expression in dysplastic nodules of
HBV-related hepatocarcinogenesis. Am J Gastroenterol 2006; 101:
831-838 [PMID: 16494581]
Zhou XU, Lu J, Zhu H. Correlation between the expression
of hTERT gene and the clinicopathological characteristics of
hepatocellular carcinoma. Oncol Lett 2016; 11: 111-115 [PMID:
26870177]
El Idrissi M, Hervieu V, Merle P, Mortreux F, Wattel E. Causespecific telomere factors deregulation in hepatocellular carcinoma.
J Exp Clin Cancer Res 2013; 32: 64 [PMID: 24020493 DOI:
10.1186/1756-9966-32-64]
El-Mazny A, Sayed M, Sharaf S. Human telomerase reverse
transcriptase messenger RNA (TERT mRNA) as a tumour
marker for early detection of hepatocellular carcinoma. Arab J
Gastroenterol 2014; 15: 68-71 [PMID: 25097049 DOI: 10.1016/
j.ajg.2014.04.001]
Miura N, Osaki Y, Nagashima M, Kohno M, Yorozu K, Shomori K,
Kanbe T, Oyama K, Kishimoto Y, Maruyama S, Noma E, Horie Y,
Kudo M, Sakaguchi S, Hirooka Y, Ito H, Kawasaki H, Hasegawa
J, Shiota G. A novel biomarker TERTmRNA is applicable for early
detection of hepatoma. BMC Gastroenterol 2010; 10: 46 [PMID:
20482774 DOI: 10.1186/1471-230X-10-46]
Nault JC, Zucman-Rossi J. TERT promoter mutations in primary
liver tumors. Clin Res Hepatol Gastroenterol 2016; 40: 9-14
[PMID: 26336998 DOI: 10.1016/j.clinre.2015.07.006]
Pinyol R, Tovar V, Llovet JM. TERT promoter mutations:
gatekeeper and driver of hepatocellular carcinoma. J Hepatol 2014;
61: 685-687 [PMID: 24859456 DOI: 10.1016/j.jhep.2014.05.028]
Gomez DL, Armando RG, Cerrudo CS, Ghiringhelli PD, Gomez
DE. Telomerase as a Cancer Target. Development of New
Molecules. Curr Top Med Chem 2016; 16: 2432-2440 [PMID:
26873194]
Baylin SB, Jones PA. A decade of exploring the cancer epigenome
- biological and translational implications. Nat Rev Cancer 2011;
11: 726-734 [PMID: 21941284 DOI: 10.1038/nrc3130]
Alizadeh AA, Aranda V, Bardelli A, Blanpain C, Bock C,
Borowski C, Caldas C, Califano A, Doherty M, Elsner M, Esteller
M, Fitzgerald R, Korbel JO, Lichter P, Mason CE, Navin N, Pe’
er D, Polyak K, Roberts CW, Siu L, Snyder A, Stower H, Swanton
C, Verhaak RG, Zenklusen JC, Zuber J, Zucman-Rossi J. Toward
understanding and exploiting tumor heterogeneity. Nat Med 2015;
21: 846-853 [PMID: 26248267 DOI: 10.1038/nm.3915]
Lacoste N, Woolfe A, Tachiwana H, Garea AV, Barth T, Cantaloube
S, Kurumizaka H, Imhof A, Almouzni G. Mislocalization of
the centromeric histone variant CenH3/CENP-A in human cells
depends on the chaperone DAXX. Mol Cell 2014; 53: 631-644
[PMID: 24530302 DOI: 10.1016/j.molcel.2014.01.018]
Banelli B, Carra E, Barbieri F, Würth R, Parodi F, Pattarozzi A,
Carosio R, Forlani A, Allemanni G, Marubbi D, Florio T, Daga A,
Romani M. The histone demethylase KDM5A is a key factor for

WJG|www.wjgnet.com

180

181

182

183

184
185
186
187

188

189

190

191

192

9091

the resistance to temozolomide in glioblastoma. Cell Cycle 2015;
14: 3418-3429 [PMID: 26566863 DOI: 10.1080/15384101.2015.1
090063]
Husain A, Begum NA, Taniguchi T, Taniguchi H, Kobayashi M,
Honjo T. Chromatin remodeller SMARCA4 recruits topoisomerase
1 and suppresses transcription-associated genomic instability.
Nat Commun 2016; 7: 10549 [PMID: 26842758 DOI: 10.1038/
ncomms10549]
Sharma SV, Lee DY, Li B, Quinlan MP, Takahashi F, Maheswaran
S, McDermott U, Azizian N, Zou L, Fischbach MA, Wong KK,
Brandstetter K, Wittner B, Ramaswamy S, Classon M, Settleman J.
A chromatin-mediated reversible drug-tolerant state in cancer cell
subpopulations. Cell 2010; 141: 69-80 [PMID: 20371346 DOI:
10.1016/j.cell.2010.02.027]
Wijdeven RH, Pang B, van der Zanden SY, Qiao X, Blomen V,
Hoogstraat M, Lips EH, Janssen L, Wessels L, Brummelkamp TR,
Neefjes J. Genome-Wide Identification and Characterization of
Novel Factors Conferring Resistance to Topoisomerase II Poisons
in Cancer. Cancer Res 2015; 75: 4176-4187 [PMID: 26260527
DOI: 10.1158/0008-5472.CAN-15-0380]
Kadoch C, Hargreaves DC, Hodges C, Elias L, Ho L, Ranish J,
Crabtree GR. Proteomic and bioinformatic analysis of mammalian
SWI/SNF complexes identifies extensive roles in human
malignancy. Nat Genet 2013; 45: 592-601 [PMID: 23644491 DOI:
10.1038/ng.2628]
Shain AH, Pollack JR. The spectrum of SWI/SNF mutations,
ubiquitous in human cancers. PLoS One 2013; 8: e55119 [PMID:
23355908 DOI: 10.1371/journal.pone.0055119]
Garraway LA, Lander ES. Lessons from the cancer genome.
Cell 2013; 153: 17-37 [PMID: 23540688 DOI: 10.1016/
j.cell.2013.03.002]
Skulte KA, Phan L, Clark SJ, Taberlay PC. Chromatin remodeler
mutations in human cancers: epigenetic implications. Epigenomics
2014; 6: 397-414 [PMID: 25333849 DOI: 10.2217/epi.14.37]
Luchini C, Veronese N, Solmi M, Cho H, Kim JH, Chou A, Gill
AJ, Faraj SF, Chaux A, Netto GJ, Nakayama K, Kyo S, Lee SY,
Kim DW, Yousef GM, Scorilas A, Nelson GS, Köbel M, Kalloger
SE, Schaeffer DF, Yan HB, Liu F, Yokoyama Y, Zhang X, Pang
D, Lichner Z, Sergi G, Manzato E, Capelli P, Wood LD, Scarpa
A, Correll CU. Prognostic role and implications of mutation status
of tumor suppressor gene ARID1A in cancer: a systematic review
and meta-analysis. Oncotarget 2015; 6: 39088-39097 [PMID:
26384299 DOI: 10.18632/oncotarget.5142]
Li M, Zhao H, Zhang X, Wood LD, Anders RA, Choti MA,
Pawlik TM, Daniel HD, Kannangai R, Offerhaus GJ, Velculescu
VE, Wang L, Zhou S, Vogelstein B, Hruban RH, Papadopoulos N,
Cai J, Torbenson MS, Kinzler KW. Inactivating mutations of the
chromatin remodeling gene ARID2 in hepatocellular carcinoma.
Nat Genet 2011; 43: 828-829 [PMID: 21822264 DOI: 10.1038/
ng.903]
Huang J, Deng Q, Wang Q, Li KY, Dai JH, Li N, Zhu ZD, Zhou
B, Liu XY, Liu RF, Fei QL, Chen H, Cai B, Zhou B, Xiao HS, Qin
LX, Han ZG. Exome sequencing of hepatitis B virus-associated
hepatocellular carcinoma. Nat Genet 2012; 44: 1117-1121 [PMID:
22922871 DOI: 10.1038/ng.2391]
Zhong R, Liu L, Tian Y, Wang Y, Tian J, Zhu BB, Chen W,
Qian JM, Zou L, Xiao M, Shen N, Yang H, Lou J, Qiu Q, Ke JT,
Lu XH, Wang ZL, Song W, Zhang T, Li H, Wang L, Miao XP.
Genetic variant in SWI/SNF complexes influences hepatocellular
carcinoma risk: a new clue for the contribution of chromatin
remodeling in carcinogenesis. Sci Rep 2014; 4: 4147 [PMID:
24556940 DOI: 10.1038/srep04147]
Zhu AX, Chen D, He W, Kanai M, Voi M, Chen LT, Daniele B,
Furuse J, Kang YK, Poon RT, Vogel A, Chiang DY. Integrative
biomarker analyses indicate etiological variations in hepatocellular
carcinoma. J Hepatol 2016; 65: 296-304 [PMID: 27130844 DOI:
10.1016/j.jhep.2016.04.015]
Zhao H, Wang J, Han Y, Huang Z, Ying J, Bi X, Zhao J, Fang Y,
Zhou H, Zhou J, Li Z, Zhang Y, Yang X, Yan T, Wang L, Torbenson
MS, Cai J. ARID2: a new tumor suppressor gene in hepatocellular

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
carcinoma. Oncotarget 2011; 2: 886-891 [PMID: 22095441]
193 Abe H, Hayashi A, Kunita A, Sakamoto Y, Hasegawa K, Shibahara
J, Kokudo N, Fukayama M. Altered expression of AT-rich
interactive domain 1A in hepatocellular carcinoma. Int J Clin Exp
Pathol 2015; 8: 2763-2770 [PMID: 26045782]
194 Dhanasekaran R, Bandoh S, Roberts LR. Molecular pathogenesis
of hepatocellular carcinoma and impact of therapeutic advances.
F1000Res 2016; 5: [PMID: 27239288 DOI: 10.12688/
f1000research.6946.1]
195 Dykhuizen EC, Hargreaves DC, Miller EL, Cui K, Korshunov A,
Kool M, Pfister S, Cho YJ, Zhao K, Crabtree GR. BAF complexes
facilitate decatenation of DNA by topoisomerase IIα. Nature 2013;
497: 624-627 [PMID: 23698369 DOI: 10.1038/nature12146]
196 Bosse T, ter Haar NT, Seeber LM, v Diest PJ, Hes FJ, Vasen HF,
Nout RA, Creutzberg CL, Morreau H, Smit VT. Loss of ARID1A
expression and its relationship with PI3K-Akt pathway alterations,
TP53 and microsatellite instability in endometrial cancer. Mod
Pathol 2013; 26: 1525-1535 [PMID: 23702729 DOI: 10.1038/
modpathol.2013.96]
197 Wu JN, Roberts CW. ARID1A mutations in cancer: another
epigenetic tumor suppressor? Cancer Discov 2013; 3: 35-43
[PMID: 23208470 DOI: 10.1158/2159-8290.CD-12-0361]
198 Wu RC, Wang TL, Shih IeM. The emerging roles of ARID1A in
tumor suppression. Cancer Biol Ther 2014; 15: 655-664 [PMID:
24618703 DOI: 10.4161/cbt.28411]
199 Chandler RL, Damrauer JS, Raab JR, Schisler JC, Wilkerson MD,
Didion JP, Starmer J, Serber D, Yee D, Xiong J, Darr DB, PardoManuel de Villena F, Kim WY, Magnuson T. Coexistent ARID1APIK3CA mutations promote ovarian clear-cell tumorigenesis
through pro-tumorigenic inflammatory cytokine signalling.
Nat Commun 2015; 6: 6118 [PMID: 25625625 DOI: 10.1038/
ncomms7118]
200 Anglesio MS, Bashashati A, Wang YK, Senz J, Ha G, Yang W,
Aniba MR, Prentice LM, Farahani H, Li Chang H, Karnezis AN,
Marra MA, Yong PJ, Hirst M, Gilks B, Shah SP, Huntsman DG.
Multifocal endometriotic lesions associated with cancer are clonal
and carry a high mutation burden. J Pathol 2015; 236: 201-209
[PMID: 25692284 DOI: 10.1002/path.4516]
201 Huang HN, Lin MC, Huang WC, Chiang YC, Kuo KT. Loss of
ARID1A expression and its relationship with PI3K-Akt pathway
alterations and ZNF217 amplification in ovarian clear cell
carcinoma. Mod Pathol 2014; 27: 983-990 [PMID: 24336158 DOI:
10.1038/modpathol.2013.216]
202 Yamamoto S, Tsuda H, Takano M, Tamai S, Matsubara O. Loss
of ARID1A protein expression occurs as an early event in ovarian
clear-cell carcinoma development and frequently coexists with
PIK3CA mutations. Mod Pathol 2012; 25: 615-624 [PMID:
22157930 DOI: 10.1038/modpathol.2011.189]
203 Zhang Q, Yan HB, Wang J, Cui SJ, Wang XQ, Jiang YH, Feng L,
Yang PY, Liu F. Chromatin remodeling gene AT-rich interactive
domain-containing protein 1A suppresses gastric cancer cell
proliferation by targeting PIK3CA and PDK1. Oncotarget
2016; Epub ahead of print [PMID: 27323812 DOI: 10.18632/
oncotarget.10060]
204 Guan B, Rahmanto YS, Wu RC, Wang Y, Wang Z, Wang TL, Shih
IeM. Roles of deletion of Arid1a, a tumor suppressor, in mouse
ovarian tumorigenesis. J Natl Cancer Inst 2014; 106: [PMID:
24899687 DOI: 10.1093/jnci/dju146]
205 Schieber M, Chandel NS. ROS function in redox signaling
and oxidative stress. Curr Biol 2014; 24: R453-R462 [PMID:
24845678 DOI: 10.1016/j.cub.2014.03.034]
206 He J, Jiang BH. Interplay between Reactive oxygen Species
and MicroRNAs in Cancer. Curr Pharmacol Rep 2016; 2: 82-90
[PMID: 27284501]
207 Shiota M, Yokomizo A. [Prostate cancer and oxidative stress].
Nihon Rinsho 2016; 74 Suppl 3: 71-74 [PMID: 27344706]
208 Toyokuni S. Oxidative stress as an iceberg in carcinogenesis and
cancer biology. Arch Biochem Biophys 2016; 595: 46-49 [PMID:
27095214 DOI: 10.1016/j.abb.2015.11.025]
209 Khurana RK, Kaur R, Lohan S, Singh KK, Singh B. Mangiferin:

WJG|www.wjgnet.com

210
211

212

213
214

215
216

217

218
219

220
221

222

223

224

225

9092

a promising anticancer bioactive. Pharm Pat Anal 2016; 5:
169-181 [PMID: 27088726 DOI: 10.4155/ppa-2016-0003]
Srivastava KC, Austin RD, Shrivastava D. Evaluation of oxidantantioxidant status in tissue samples in oral cancer: A case control
study. Dent Res J (Isfahan) 2016; 13: 181-187 [PMID: 27076834]
Kansanen E, Jyrkkänen HK, Levonen AL. Activation of stress
signaling pathways by electrophilic oxidized and nitrated lipids.
Free Radic Biol Med 2012; 52: 973-982 [PMID: 22198184 DOI:
10.1016/j.freeradbiomed.2011.11.038]
Kansanen E, Kuosmanen SM, Leinonen H, Levonen AL. The
Keap1-Nrf2 pathway: Mechanisms of activation and dysregulation
in cancer. Redox Biol 2013; 1: 45-49 [PMID: 24024136 DOI:
10.1016/j.redox.2012.10.001]
Menegon S, Columbano A, Giordano S. The Dual Roles of NRF2
in Cancer. Trends Mol Med 2016; 22: 578-593 [PMID: 27263465
DOI: 10.1016/j.molmed.2016.05.002]
Gañán-Gómez I, Wei Y, Yang H, Boyano-Adánez MC, GarcíaManero G. Oncogenic functions of the transcription factor Nrf2.
Free Radic Biol Med 2013; 65: 750-764 [PMID: 23820265 DOI:
10.1016/j.freeradbiomed.2013.06.041]
Geismann C, Arlt A, Sebens S, Schäfer H. Cytoprotection “gone
astray”: Nrf2 and its role in cancer. Onco Targets Ther 2014; 7:
1497-1518 [PMID: 25210464 DOI: 10.2147/OTT.S36624]
Araujo LH, Timmers C, Bell EH, Shilo K, Lammers PE, Zhao W,
Natarajan TG, Miller CJ, Zhang J, Yilmaz AS, Liu T, Coombes K,
Amann J, Carbone DP. Genomic Characterization of Non-SmallCell Lung Cancer in African Americans by Targeted Massively
Parallel Sequencing. J Clin Oncol 2015; 33: 1966-1973 [PMID:
25918285 DOI: 10.1200/JCO.2014.59.2444]
Amaddeo G, Guichard C, Imbeaud S, Zucman-Rossi J. Nextgeneration sequencing identified new oncogenes and tumor
suppressor genes in human hepatic tumors. Oncoimmunology
2012; 1: 1612-1613 [PMID: 23264911]
Shibata T, Aburatani H. Exploration of liver cancer genomes. Nat
Rev Gastroenterol Hepatol 2014; 11: 340-349 [PMID: 24473361
DOI: 10.1038/nrgastro.2014.6]
Zavattari P, Perra A, Menegon S, Kowalik MA, Petrelli A,
Angioni MM, Follenzi A, Quagliata L, Ledda-Columbano GM,
Terracciano L, Giordano S, Columbano A. Nrf2, but not β-catenin,
mutation represents an early event in rat hepatocarcinogenesis.
Hepatology 2015; 62: 851-862 [PMID: 25783764 DOI: 10.1002/
hep.27790]
Nishida N, Kudo M. Oxidative stress and epigenetic instability in
human hepatocarcinogenesis. Dig Dis 2013; 31: 447-453 [PMID:
24281019 DOI: 10.1159/000355243]
Karin M, Dhar D. Liver carcinogenesis: from naughty chemicals
to soothing fat and the surprising role of NRF2. Carcinogenesis
2016; 37: 541-546 [PMID: 27207669 DOI: 10.1093/carcin/
bgw060]
Nishida N, Arizumi T, Takita M, Kitai S, Yada N, Hagiwara S,
Inoue T, Minami Y, Ueshima K, Sakurai T, Kudo M. Reactive
oxygen species induce epigenetic instability through the formation
of 8-hydroxydeoxyguanosine in human hepatocarcinogenesis.
Dig Dis 2013; 31: 459-466 [PMID: 24281021 DOI:
10.1159/000355245]
Sun X, Ou Z, Chen R, Niu X, Chen D, Kang R, Tang D. Activation
of the p62-Keap1-NRF2 pathway protects against ferroptosis in
hepatocellular carcinoma cells. Hepatology 2016; 63: 173-184
[PMID: 26403645 DOI: 10.1002/hep.28251]
Inami Y, Waguri S, Sakamoto A, Kouno T, Nakada K, Hino O,
Watanabe S, Ando J, Iwadate M, Yamamoto M, Lee MS, Tanaka
K, Komatsu M. Persistent activation of Nrf2 through p62 in
hepatocellular carcinoma cells. J Cell Biol 2011; 193: 275-284
[PMID: 21482715 DOI: 10.1083/jcb.201102031]
Ichimura Y, Waguri S, Sou YS, Kageyama S, Hasegawa J,
Ishimura R, Saito T, Yang Y, Kouno T, Fukutomi T, Hoshii T, Hirao
A, Takagi K, Mizushima T, Motohashi H, Lee MS, Yoshimori T,
Tanaka K, Yamamoto M, Komatsu M. Phosphorylation of p62
activates the Keap1-Nrf2 pathway during selective autophagy.
Mol Cell 2013; 51: 618-631 [PMID: 24011591 DOI: 10.1016/

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC
j.molcel.2013.08.003]
226 Shimizu T, Inoue K, Hachiya H, Shibuya N, Aoki T, Kubota
K. Accumulation of phosphorylated p62 is associated with NFE2-related factor 2 activation in hepatocellular carcinoma. J
Hepatobiliary Pancreat Sci 2016; 23: 467-471 [PMID: 27246794
DOI: 10.1002/jhbp.364]
227 He G, Karin M. NF-κB and STAT3 - key players in liver
inflammation and cancer. Cell Res 2011; 21: 159-168 [PMID:
21187858 DOI: 10.1038/cr.2010.183]
228 Wilson GS, Tian A, Hebbard L, Duan W, George J, Li X, Qiao L.
Tumoricidal effects of the JAK inhibitor Ruxolitinib (INC424) on
hepatocellular carcinoma in vitro. Cancer Lett 2013; 341: 224-230
[PMID: 23941832 DOI: 10.1016/j.canlet.2013.08.009]
229 Xie HJ, Bae HJ, Noh JH, Eun JW, Kim JK, Jung KH, Ryu JC,
Ahn YM, Kim SY, Lee SH, Yoo NJ, Lee JY, Park WS, Nam
SW. Mutational analysis of JAK1 gene in human hepatocellular
carcinoma. Neoplasma 2009; 56: 136-140 [PMID: 19239328]
230 Zhang Y, Qiu Z, Wei L, Tang R, Lian B, Zhao Y, He X, Xie L.
Integrated analysis of mutation data from various sources identifies
key genes and signaling pathways in hepatocellular carcinoma.
PLoS One 2014; 9: e100854 [PMID: 24988079 DOI: 10.1371/
journal.pone.0100854]
231 Kumar M, Zhao X, Wang XW. Molecular carcinogenesis of
hepatocellular carcinoma and intrahepatic cholangiocarcinoma:
one step closer to personalized medicine? Cell Biosci 2011; 1: 5
[PMID: 21711594 DOI: 10.1186/2045-3701-1-5]
232 Gao C, Xiao G, Hu J. Regulation of Wnt/β-catenin signaling by
posttranslational modifications. Cell Biosci 2014; 4: 13 [PMID:
24594309 DOI: 10.1186/2045-3701-4-13]
233 Cervello M, McCubrey JA, Cusimano A, Lampiasi N, Azzolina
A, Montalto G. Targeted therapy for hepatocellular carcinoma:
novel agents on the horizon. Oncotarget 2012; 3: 236-260 [PMID:
22470194]
234 Lachenmayer A, Alsinet C, Savic R, Cabellos L, Toffanin
S, Hoshida Y, Villanueva A, Minguez B, Newell P, Tsai HW,
Barretina J, Thung S, Ward SC, Bruix J, Mazzaferro V, Schwartz
M, Friedman SL, Llovet JM. Wnt-pathway activation in two
molecular classes of hepatocellular carcinoma and experimental
modulation by sorafenib. Clin Cancer Res 2012; 18: 4997-5007
[PMID: 22811581]
235 Herencia C, Martínez-Moreno JM, Herrera C, Corrales F,
Santiago-Mora R, Espejo I, Barco M, Almadén Y, de la Mata M,
Rodríguez-Ariza A, Muñoz-Castañeda JR. Nuclear translocation
of β-catenin during mesenchymal stem cells differentiation
into hepatocytes is associated with a tumoral phenotype. PLoS
One 2012; 7: e34656 [PMID: 22506042 DOI: 10.1371/journal.
pone.0034656]
236 Yang S, Luo C, Gu Q, Xu Q, Wang G, Sun H, Qian Z, Tan Y, Qin
Y, Shen Y, Xu X, Chen SH, Chan CC, Wang H, Mao M, Fang DD.
Activating JAK1 mutation may predict the sensitivity of JAKSTAT inhibition in hepatocellular carcinoma. Oncotarget 2016; 7:
5461-5469 [PMID: 26701727 DOI: 10.18632/oncotarget.6684]
237 Wands JR, Kim M. WNT/β-catenin signaling and hepatocellular
carcinoma. Hepatology 2014; 60: 452-454 [PMID: 24644061 DOI:
10.1002/hep.27081]
238 Yam JW, Wong CM, Ng IO. Molecular and functional genetics
of hepatocellular carcinoma. Front Biosci (Schol Ed) 2010; 2:
117-134 [PMID: 20036934]
239 Qu B, Liu BR, DU YJ, Chen J, Cheng YQ, Xu W, Wang XH.
Wnt/β-catenin signaling pathway may regulate the expression of
angiogenic growth factors in hepatocellular carcinoma. Oncol Lett
2014; 7: 1175-1178 [PMID: 24944688]
240 Lu LC, Shao YY, Lee YH, Hsieh MS, Hsiao CH, Lin HH, Kao
HF, Ma YY, Yen FC, Cheng AL, Hsu CH. β-catenin (CTNNB1)
mutations are not associated with prognosis in advanced
hepatocellular carcinoma. Oncology 2014; 87: 159-166 [PMID:
25012536 DOI: 10.1159/000362821]
241 Takigawa Y, Brown AM. Wnt signaling in liver cancer. Curr Drug
Targets 2008; 9: 1013-1024 [PMID: 18991612]
242 Guan CN, Chen XM, Lou HQ, Liao XH, Chen BY, Zhang PW.

WJG|www.wjgnet.com

243
244

245

246
247
248
249

250

251
252

253

254

255

256

257
258

9093

Clinical significance of axin and β-catenin protein expression in
primary hepatocellular carcinomas. Asian Pac J Cancer Prev 2012;
13: 677-681 [PMID: 22524844]
Oishi N, Wang XW. Novel therapeutic strategies for targeting
liver cancer stem cells. Int J Biol Sci 2011; 7: 517-535 [PMID:
21552419]
Merle P, Kim M, Herrmann M, Gupte A, Lefrançois L, Califano
S, Trépo C, Tanaka S, Vitvitski L, de la Monte S, Wands JR.
Oncogenic role of the frizzled-7/beta-catenin pathway in
hepatocellular carcinoma. J Hepatol 2005; 43: 854-862 [PMID:
16098625]
Kim M, Lee HC, Tsedensodnom O, Hartley R, Lim YS, Yu E,
Merle P, Wands JR. Functional interaction between Wnt3 and
Frizzled-7 leads to activation of the Wnt/beta-catenin signaling
pathway in hepatocellular carcinoma cells. J Hepatol 2008; 48:
780-791 [PMID: 18313787 DOI: 10.1016/j.jhep.2007.12.020]
Waly Raphael S, Yangde Z, Yuxiang C. Hepatocellular carcinoma:
focus on different aspects of management. ISRN Oncol 2012; 2012:
421673 [PMID: 22655206 DOI: 10.5402/2012/421673]
Levrero M, Zucman-Rossi J. Mechanisms of HBV-induced
hepatocellular carcinoma. J Hepatol 2016; 64: S84-101 [PMID:
27084040 DOI: 10.1016/j.jhep.2016.02.021]
Shin JW, Chung YH. Molecular targeted therapy for hepatocellular
carcinoma: current and future. World J Gastroenterol 2013; 19:
6144-6155 [PMID: 24115810 DOI: 10.3748/wjg.v19.i37.6144]
Liu J, Ding X, Tang J, Cao Y, Hu P, Zhou F, Shan X, Cai X, Chen
Q, Ling N, Zhang B, Bi Y, Chen K, Ren H, Huang A, He TC, Tang
N. Enhancement of canonical Wnt/β-catenin signaling activity
by HCV core protein promotes cell growth of hepatocellular
carcinoma cells. PLoS One 2011; 6: e27496 [PMID: 22110662
DOI: 10.1371/journal.pone.0027496]
Srisuttee R, Koh SS, Kim SJ, Malilas W, Boonying W, Cho IR,
Jhun BH, Ito M, Horio Y, Seto E, Oh S, Chung YH. Hepatitis B
virus X (HBX) protein upregulates β-catenin in a human hepatic
cell line by sequestering SIRT1 deacetylase. Oncol Rep 2012; 28:
276-282 [PMID: 22562294]
Laurent-Puig P, Zucman-Rossi J. Genetics of hepatocellular
tumors. Oncogene 2006; 25: 3778-3786 [PMID: 16799619]
Zucman-Rossi J, Benhamouche S, Godard C, Boyault S, Grimber
G, Balabaud C, Cunha AS, Bioulac-Sage P, Perret C. Differential
effects of inactivated Axin1 and activated beta-catenin mutations
in human hepatocellular carcinomas. Oncogene 2007; 26: 774-780
[PMID: 16964294]
Park JY, Park WS, Nam SW, Kim SY, Lee SH, Yoo NJ, Lee JY,
Park CK. Mutations of beta-catenin and AXIN I genes are a late
event in human hepatocellular carcinogenesis. Liver Int 2005; 25:
70-76 [PMID: 15698401]
Prange W, Breuhahn K, Fischer F, Zilkens C, Pietsch T, Petmecky
K, Eilers R, Dienes HP, Schirmacher P. Beta-catenin accumulation
in the progression of human hepatocarcinogenesis correlates
with loss of E-cadherin and accumulation of p53, but not with
expression of conventional WNT-1 target genes. J Pathol 2003;
201: 250-259 [PMID: 14517842]
Murata M, Miyoshi Y, Ohsawa M, Shibata K, Ohta T, Imai Y,
Nishikawa M, Iwao K, Tateishi H, Shimano T, Kobayashi T,
Nakamura Y. Accumulation of beta-catenin in the cytoplasm and
the nuclei during the early hepatic tumorigenesis. Hepatol Res
2001; 21: 126-135 [PMID: 11551833]
Vilarinho S, Erson-Omay EZ, Harmanci AS, Morotti R, CarrionGrant G, Baranoski J, Knisely AS, Ekong U, Emre S, Yasuno
K, Bilguvar K, Günel M. Paediatric hepatocellular carcinoma
due to somatic CTNNB1 and NFE2L2 mutations in the setting
of inherited bi-allelic ABCB11 mutations. J Hepatol 2014; 61:
1178-1183 [PMID: 25016225 DOI: 10.1016/j.jhep.2014.07.003]
Li P, Cao Y, Li Y, Zhou L, Liu X, Geng M. Expression of Wnt-5a
and β-catenin in primary hepatocellular carcinoma. Int J Clin Exp
Pathol 2014; 7: 3190-3195 [PMID: 25031739]
Nejak-Bowen KN, Thompson MD, Singh S, Bowen WC, Dar
MJ, Khillan J, Dai C, Monga SP. Accelerated liver regeneration
and hepatocarcinogenesis in mice overexpressing serine-45 mutant

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC

259

260

261

262

263

264
265

266

267

268

269

270

271

272
273

beta-catenin. Hepatology 2010; 51: 1603-1613 [PMID: 20432254
DOI: 10.1002/hep.23538]
Colnot S, Decaens T, Niwa-Kawakita M, Godard C, Hamard G,
Kahn A, Giovannini M, Perret C. Liver-targeted disruption of Apc
in mice activates beta-catenin signaling and leads to hepatocellular
carcinomas. Proc Natl Acad Sci USA 2004; 101: 17216-17221
[PMID: 15563600]
Ding X, Yang Y, Han B, Du C, Xu N, Huang H, Cai T, Zhang
A, Han ZG, Zhou W, Chen L. Transcriptomic characterization
of hepatocellular carcinoma with CTNNB1 mutation. PLoS
One 2014; 9: e95307 [PMID: 24798046 DOI: 10.1371/journal.
pone.0095307]
Li ZQ, Ding W, Sun SJ, Li J, Pan J, Zhao C, Wu WR, Si WK.
Cyr61/CCN1 is regulated by Wnt/β-catenin signaling and plays
an important role in the progression of hepatocellular carcinoma.
PLoS One 2012; 7: e35754 [PMID: 22540002 DOI: 10.1371/
journal.pone.0035754]
Cieply B, Zeng G, Proverbs-Singh T, Geller DA, Monga SP.
Unique phenotype of hepatocellular cancers with exon-3 mutations
in beta-catenin gene. Hepatology 2009; 49: 821-831 [PMID:
19101982 DOI: 10.1002/hep.22695]
Tornesello ML, Buonaguro L, Tatangelo F, Botti G, Izzo F,
Buonaguro FM. Mutations in TP53, CTNNB1 and PIK3CA
genes in hepatocellular carcinoma associated with hepatitis B and
hepatitis C virus infections. Genomics 2013; 102: 74-83 [PMID:
23583669 DOI: 10.1016/j.ygeno.2013.04.001]
Behari J. The Wnt/β-catenin signaling pathway in liver biology
and disease. Expert Rev Gastroenterol Hepatol 2010; 4: 745-756
[PMID: 21108594 DOI: 10.1586/egh.10.74]
Audard V, Grimber G, Elie C, Radenen B, Audebourg A,
Letourneur F, Soubrane O, Vacher-Lavenu MC, Perret C, Cavard
C, Terris B. Cholestasis is a marker for hepatocellular carcinomas
displaying beta-catenin mutations. J Pathol 2007; 212: 345-352
[PMID: 17487939]
Boyault S, Rickman DS, de Reyniès A, Balabaud C, Rebouissou S,
Jeannot E, Hérault A, Saric J, Belghiti J, Franco D, Bioulac-Sage
P, Laurent-Puig P, Zucman-Rossi J. Transcriptome classification of
HCC is related to gene alterations and to new therapeutic targets.
Hepatology 2007; 45: 42-52 [PMID: 17187432]
Chiang DY, Villanueva A, Hoshida Y, Peix J, Newell P, Minguez
B, LeBlanc AC, Donovan DJ, Thung SN, Solé M, Tovar V, Alsinet
C, Ramos AH, Barretina J, Roayaie S, Schwartz M, Waxman
S, Bruix J, Mazzaferro V, Ligon AH, Najfeld V, Friedman SL,
Sellers WR, Meyerson M, Llovet JM. Focal gains of VEGFA and
molecular classification of hepatocellular carcinoma. Cancer Res
2008; 68: 6779-6788 [PMID: 18701503 DOI: 10.1158/0008-5472.
CAN-08-0742]
Yuan RH, Chang KT, Chen YL, Hsu HC, Lee PH, Lai PL,
Jeng YM. S100P expression is a novel prognostic factor in
hepatocellular carcinoma and predicts survival in patients with
high tumor stage or early recurrent tumors. PLoS One 2013; 8:
e65501 [PMID: 23785431 DOI: 10.1371/journal.pone.0065501]
Wang Z, Sheng YY, Gao XM, Wang CQ, Wang XY, Lu XU, Wei
JW, Zhang KL, Dong QZ, Qin LX. β-catenin mutation is correlated
with a favorable prognosis in patients with hepatocellular
carcinoma. Mol Clin Oncol 2015; 3: 936-940 [PMID: 26171210]
Yuzugullu H, Benhaj K, Ozturk N, Senturk S, Celik E, Toylu A,
Tasdemir N, Yilmaz M, Erdal E, Akcali KC, Atabey N, Ozturk M.
Canonical Wnt signaling is antagonized by noncanonical Wnt5a
in hepatocellular carcinoma cells. Mol Cancer 2009; 8: 90 [PMID:
19849855 DOI: 10.1186/1476-4598-8-90]
Yuan RH, Jeng YM, Hu RH, Lai PL, Lee PH, Cheng CC, Hsu
HC. Role of p53 and β-catenin mutations in conjunction with
CK19 expression on early tumor recurrence and prognosis of
hepatocellular carcinoma. J Gastrointest Surg 2011; 15: 321-329
[PMID: 21061181 DOI: 10.1007/s11605-010-1373-x]
Monga SP. Role of Wnt/β-catenin signaling in liver metabolism
and cancer. Int J Biochem Cell Biol 2011; 43: 1021-1029 [PMID:
19747566 DOI: 10.1016/j.biocel.2009.09.001]
Brown KK, Toker A. The phosphoinositide 3-kinase pathway and

WJG|www.wjgnet.com

274

275

276

277
278

279

280

281

282

283

284

285

286

287
288

9094

therapy resistance in cancer. F1000Prime Rep 2015; 7: 13 [PMID:
25750731 DOI: 10.12703/P7-13]
Kudo M. Signaling pathway/molecular targets and new targeted
agents under development in hepatocellular carcinoma. World
J Gastroenterol 2012; 18: 6005-6017 [PMID: 23155330 DOI:
10.3748/wjg.v18.i42.6005]
Feldman ME, Apsel B, Uotila A, Loewith R, Knight ZA, Ruggero
D, Shokat KM. Active-site inhibitors of mTOR target rapamycinresistant outputs of mTORC1 and mTORC2. PLoS Biol 2009; 7:
e38 [PMID: 19209957 DOI: 10.1371/journal.pbio.1000038]
Wang C, Cigliano A, Delogu S, Armbruster J, Dombrowski
F, Evert M, Chen X, Calvisi DF. Functional crosstalk between
AKT/mTOR and Ras/MAPK pathways in hepatocarcinogenesis:
implications for the treatment of human liver cancer. Cell Cycle
2013; 12: 1999-2010 [PMID: 23759595 DOI: 10.4161/cc.25099]
Zhou Q, Lui VW, Yeo W. Targeting the PI3K/Akt/mTOR pathway
in hepatocellular carcinoma. Future Oncol 2011; 7: 1149-1167
[PMID: 21992728 DOI: 10.2217/fon.11.95]
Chen JS, Wang Q, Fu XH, Huang XH, Chen XL, Cao LQ,
Chen LZ, Tan HX, Li W, Bi J, Zhang LJ. Involvement of
PI3K/PTEN/AKT/mTOR pathway in invasion and metastasis
in hepatocellular carcinoma: Association with MMP-9. Hepatol
Res 2009; 39: 177-186 [PMID: 19208038 DOI: 10.1111/j.1872034X.2008.00449.x]
Augello G, Puleio R, Emma MR, Cusimano A, Loria GR,
McCubrey JA, Montalto G, Cervello M. A PTEN inhibitor displays
preclinical activity against hepatocarcinoma cells. Cell Cycle 2016;
15: 573-583 [PMID: 26794644 DOI: 10.1080/15384101.2016.113
8183]
Zhu X, Qin X, Fei M, Hou W, Greshock J, Bachman KE, Wooster
R, Kang J, Qin CY. Combined phosphatase and tensin homolog
(PTEN) loss and fatty acid synthase (FAS) overexpression worsens
the prognosis of Chinese patients with hepatocellular carcinoma.
Int J Mol Sci 2012; 13: 9980-9991 [PMID: 22949843 DOI:
10.3390/ijms13089980]
Sze KM, Wong KL, Chu GK, Lee JM, Yau TO, Ng IO. Loss
of phosphatase and tensin homolog enhances cell invasion
and migration through AKT/Sp-1 transcription factor/matrix
metalloproteinase 2 activation in hepatocellular carcinoma and has
clinicopathologic significance. Hepatology 2011; 53: 1558-1569
[PMID: 21520171 DOI: 10.1002/hep.24232]
Su R, Nan H, Guo H, Ruan Z, Jiang L, Song Y, Nan K.
Associations of components of PTEN/AKT/mTOR pathway with
cancer stem cell markers and prognostic value of these biomarkers
in hepatocellular carcinoma. Hepatol Res 2016; Epub ahead of
print [PMID: 26932478 DOI: 10.1111/hepr.12687]
Kim DC, Chung WJ, Lee JH, Jang BK, Hwang JS, Kang KJ,
Kwon SY. Clinicopathological characteristics of PIK3CA and
HBx mutations in Korean patients with hepatocellular carcinomas.
APMIS 2014; 122: 1001-1006 [PMID: 24673525 DOI: 10.1111/
apm.12245]
Li X, Zhang Q, He W, Meng W, Yan J, Zhang L, Zhu X, Liu T, Li Y,
Bai Z. Low frequency of PIK3CA gene mutations in hepatocellular
carcinoma in Chinese population. Pathol Oncol Res 2012; 18:
57-60 [PMID: 21667306 DOI: 10.1007/s12253-011-9416-5]
Zuo Q, Huang H, Shi M, Zhang F, Sun J, Bin J, Liao Y, Liao
W. Multivariate analysis of several molecular markers and
clinicopathological features in postoperative prognosis of
hepatocellular carcinoma. Anat Rec (Hoboken) 2012; 295: 423-431
[PMID: 22190283 DOI: 10.1002/ar.21531]
Hou W, Liu J, Chen P, Wang H, Ye BC, Qiang F. Mutation
analysis of key genes in RAS/RAF and PI3K/PTEN pathways in
Chinese patients with hepatocellular carcinoma. Oncol Lett 2014; 8:
1249-1254 [PMID: 25120700]
Kim H, Park CK, Lee SJ, Rha SY, Park KH, Lim HY. PIK3CA
mutations in hepatocellular carcinoma in Korea. Yonsei Med J 2013;
54: 883-887 [PMID: 23709421 DOI: 10.3349/ymj.2013.54.4.883]
Bassullu N, Turkmen I, Dayangac M, Yagiz Korkmaz P, Yasar R,
Akyildiz M, Yaprak O, Tokat Y, Yuzer Y, Bulbul Dogusoy G. The
Predictive and Prognostic Significance of c-erb-B2, EGFR, PTEN,

November 7, 2016|Volume 22|Issue 41|

Niu ZS et al . Genetic alterations in HCC

289
290

291

292

293
294

295

296
297

mTOR, PI3K, p27, and ERCC1 Expression in Hepatocellular
Carcinoma. Hepat Mon 2012; 12: e7492 [PMID: 23162604 DOI:
10.5812/hepatmon.7492]
Vinciguerra M, Foti M. PTEN at the crossroad of metabolic
diseases and cancer in the liver. Ann Hepatol 2008; 7: 192-199
[PMID: 18772845]
Zhou L, Huang Y, Li J, Wang Z. The mTOR pathway is associated
with the poor prognosis of human hepatocellular carcinoma.
Med Oncol 2010; 27: 255-261 [PMID: 19301157 DOI: 10.1007/
s12032-009-9201-4]
Schmitz KJ, Wohlschlaeger J, Lang H, Sotiropoulos GC, Malago
M, Steveling K, Reis H, Cicinnati VR, Schmid KW, Baba HA.
Activation of the ERK and AKT signalling pathway predicts
poor prognosis in hepatocellular carcinoma and ERK activation
in cancer tissue is associated with hepatitis C virus infection. J
Hepatol 2008; 48: 83-90 [PMID: 17998146]
Yu L, Zhang J, Guo X, Li Z, Zhang P. MicroRNA-224 upregulation
and AKT activation synergistically predict poor prognosis in
patients with hepatocellular carcinoma. Cancer Epidemiol 2014;
38: 408-413 [PMID: 24923856 DOI: 10.1016/j.canep.2014.05.001]
Rowinsky EK. Targeting the molecular target of rapamycin
(mTOR). Curr Opin Oncol 2004; 16: 564-575 [PMID: 15627018]
Kang GH, Lee BS, Lee ES, Kim SH, Lee HY, Kang DY.
Prognostic significance of p53, mTOR, c-Met, IGF-1R, and HSP70
overexpression after the resection of hepatocellular carcinoma.
Gut Liver 2014; 8: 79-87 [PMID: 24516705 DOI: 10.5009/
gnl.2014.8.1.79]
Matter MS, Decaens T, Andersen JB, Thorgeirsson SS. Targeting
the mTOR pathway in hepatocellular carcinoma: current state and
future trends. J Hepatol 2014; 60: 855-865 [PMID: 24308993
DOI: 10.1016/j.jhep.2013.11.031]
Vignot S, Faivre S, Aguirre D, Raymond E. mTOR-targeted
therapy of cancer with rapamycin derivatives. Ann Oncol 2005; 16:
525-537 [PMID: 15728109]
Kaibori M, Shikata N, Sakaguchi T, Ishizaki M, Matsui K, Iida
H, Tanaka Y, Miki H, Nakatake R, Okumura T, Tokuhara K, Inoue

298

299

300

301
302

303

304
305
306

K, Wada J, Oda M, Nishizawa M, Kon M. Influence of Rictor and
Raptor Expression of mTOR Signaling on Long-Term Outcomes
of Patients with Hepatocellular Carcinoma. Dig Dis Sci 2015; 60:
919-928 [PMID: 25371154 DOI: 10.1007/s10620-014-3417-7]
Liao H, Huang Y, Guo B, Liang B, Liu X, Ou H, Jiang C, Li X,
Yang D. Dramatic antitumor effects of the dual mTORC1 and
mTORC2 inhibitor AZD2014 in hepatocellular carcinoma. Am J
Cancer Res 2015; 5: 125-139 [PMID: 25628925]
Janku F, Kaseb AO, Tsimberidou AM, Wolff RA, Kurzrock R.
Identification of novel therapeutic targets in the PI3K/AKT/mTOR
pathway in hepatocellular carcinoma using targeted next generation
sequencing. Oncotarget 2014; 5: 3012-3022 [PMID: 24931142]
Gao JJ, Shi ZY, Xia JF, Inagaki Y, Tang W. Sorafenib-based
combined molecule targeting in treatment of hepatocellular
carcinoma. World J Gastroenterol 2015; 21: 12059-12070 [PMID:
26576091 DOI: 10.3748/wjg.v21.i42.12059]
Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz
LA, Kinzler KW. Cancer genome landscapes. Science 2013; 339:
1546-1558 [PMID: 23539594 DOI: 10.1126/science.1235122]
Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz
M, Sherman M, Gores G. Hepatocellular carcinoma. Nat Rev
Dis Primers 2016; 2: 16018 [PMID: 27158749 DOI: 10.1038/
nrdp.2016.18]
Montella L, Palmieri G, Addeo R, Del Prete S. Hepatocellular
carcinoma: Will novel targeted drugs really impact the next future?
World J Gastroenterol 2016; 22: 6114-6126 [PMID: 27468204
DOI: 10.3748/wjg.v22.i27.6114]
Zhang J, Wu LY, Zhang XS, Zhang S. Discovery of co-occurring
driver pathways in cancer. BMC Bioinformatics 2014; 15: 271
[PMID: 25106096 DOI: 10.1186/1471-2105-15-271]
Sia D, Villanueva A. Signaling pathways in hepatocellular
carcinoma. Oncology 2011; 81 Suppl 1: 18-23 [PMID: 22212931
DOI: 10.1159/000333254]
Lu LC, Hsu CH, Hsu C, Cheng AL. Tumor Heterogeneity in
Hepatocellular Carcinoma: Facing the Challenges. Liver Cancer
2016; 5: 128-138 [PMID: 27386431 DOI: 10.1159/000367754]
P- Reviewer: Herrera B, Kasprzak A S- Editor: Yu J
L- Editor: Wang TQ E- Editor: Wang CH

WJG|www.wjgnet.com

9095

November 7, 2016|Volume 22|Issue 41|

World J Gastroenterol 2016 November 7; 22(41): 9096-9103
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i41.9096

© 2016 Baishideng Publishing Group Inc. All rights reserved.

MINIREVIEWS

Th17 involvement in nonalcoholic fatty liver disease
progression to non-alcoholic steatohepatitis
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Abstract

Carla Melisa Chackelevicius, Sabrina Eliana Gambaro,
Claudio Tiribelli, Natalia Rosso, Italian Liver Foundation, Area
Science Park, Trieste, 34149 TS, Italy

The nonalcoholic fatty liver disease (NAFLD) is the
hepatic manifestation of the metabolic syndrome.
NAFLD encompasses a wide histological spectrum
ranging from benign simple steatosis to non-alcoholic
steatohepatitis (NASH). Sustained inflammation in the
liver is critical in this process. Hepatic macrophages,
including liver resident macropaghes (Kupffer cells),
monocytes infiltrating the injured liver, as well as
specific lymphocytes subsets play a pivotal role in
the initiation and perpetuation of the inflammatory
response, with a major deleterious impact on the
progression of fatty liver to fibrosis. During the
last years, Th17 cells have been involved in the
development of inflammation not only in liver but
also in other organs, such as adipose tissue or lung.
Differentiation of a naïve T cell into a Th17 cell
leads to pro-inflammatory cytokine and chemokine
production with subsequent myeloid cell recruitment to
the inflamed tissue. Th17 response can be mitigated
by T regulatory cells that secrete anti-inflammatory
cytokines. Both T cell subsets need TGF-β for their
differentiation and a characteristic plasticity in their
phenotype may render them new therapeutic targets.
In this review, we discuss the role of the Th17 pathway
in NAFLD progression to NASH and to liver fibrosis
analyzing different animal models of liver injury and
human studies.
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Core tip: interleukin-17 producing cells are important
in maintaining inflammation since they are a source
of pro-inflammatory cytokines and chemokines with a
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critical role in fighting extracellular bacteria. In the last
years, this lymphocyte subset has been linked to the
pathogenesis of multiple immune mediated diseases
and in some cases to the progression to fibrosis. In
this review, we discuss the role of the Th17 pathway
in nonalcoholic fatty liver disease progression to nonalcoholic steatohepatitis and to liver fibrosis analyzing
previously published data obtained from different
animal models and human studies of liver injury.

Table 1 Interleukin-17 family ligands and receptors
IL-17 family ligands
IL-17 A
IL-17 A/F
IL-17 B
IL-17 C
IL-17 D
IL-17 E (IL-25)
IL-17 F

Binding receptor

Produced mainly by

IL-17 RA, IL-17 RC
IL-17 RA, IL-17 RC
IL-17 RB
Unknown
Unknown
IL-17 RB (IL-25 R)
IL-17 RA, IL-17 RC

T cells
T cells
Numerous cells
Prostate, kidney cells
Numerous cells
Numerous cells
T cells

IL-17: Interleukin-17.

Chackelevicius CM, Gambaro SE, Tiribelli C, Rosso N. Th17
involvement in nonalcoholic fatty liver disease progression
to non-alcoholic steatohepatitis. World J Gastroenterol 2016;
22(41): 9096-9103 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i41/9096.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i41.9096

“liver inflammation”; “liver fibrosis”; “induced liver
injury” “IL17”; “Tregs”; “CD4 T cells” and “regulatory
T cells”. Only the articles published between 2006 and
2016 were included.

Th17 CELLS
Th17 differentiation

INTRODUCTION

CD4 T helper cells that recognize antigens in the
context of Mayor Histocompatibility Complex type
II (MHC II) can be polarized into different types
of effector T cells to coordinate different immuno
[6]
phatological responses . Th17 cells play a role in
pathogen clearance and tissue inflammation but are
also implicated in the pathogenesis of autoimmune
[7,8]
diseases . The differentiation of naïve CD4 T cells
into Th17 cells in humans is triggered by the combined
action of transforming growth factor (TGF)-β, interleukin
(IL)-6 and IL-1β, these cytokines induce the expres
sion of the key lineage defining transcription factor
orphan nuclear receptor (RORc). RORc is necessary
and sufficient for the differentiation of Th17 cells
whereas IL-23 is required only for the pathogenicity
[9,10]
and expansion of this lineage
. Th17 pathway is
suppressed by IFN-γ and IL-4 that promote Th1 or
[11]
Th2 respectively . The major target genes for IL-17
include pro-inflammatory chemokines, hematopoietic
cytokines, acute phase response genes and anti[12]
microbial substances .

Nonalcoholic fatty liver disease (NAFLD) is defined as
an abnormal accumulation of fat in the liver, evidenced
by either imaging or histology without any known
cause of secondary hepatic fat accumulation such
as alcohol consumption, steatogenic medication or
[1]
hereditary disorders . The histological spectrum of
NAFLD comprises benign simple steatosis and a more
severe form with inflammation, hepatocyte injury with
or without fibrosis called Non-alcoholic steatohepatitis
(NASH), this last entity can progress to cirrhosis, liver
failure and hepatocellular carcinoma. The incidence of
NAFLD and NASH is growing worldwide associated with
obesity and diabetes, becoming a common cause of
chronic liver disease and need of liver transplantation.
The prevalence in the European general population
is between 20%-30%, reaching 90% among obese
[2]
patients . Sustained inflammation in the liver is critical
in the progression from benign simple steatosis to
NASH. Hepatic macrophages, comprising liver resident
macropaghes (Kupffer cells), monocytes infiltrating the
injured liver, as well as specific lymphocytes subsets
play a pivotal role in the initiation and perpetuation of
the inflammatory response, with a major deleterious
impact on key steps of fatty liver progression to
[3]
fibrosis . During the last years, a specific subset of
CD4 T effector cells, Th17 subpopulation has been
[4,5]
suggested to be involved in this process . In this
review, we discuss the role of the Th17 pathway
in NAFLD progression to NASH and to liver fibrosis
analyzing previously published data obtained from
different animal models and human studies of liver
injury

Il-17 family cytokine and Il-17 family receptor

Though six IL-17 ligands have been described, IL17A is the best characterized. IL-17F has 60%
homology with IL-17A but it has 10 times less
[13]
affinity for their receptors
(Table 1). They can
form homo or heterodimers. Once they bind their
cognate heterodimeric receptor IL-17RA, propagates a
cascade of events that lead to neutrophil recruitment,
[14]
inflammation and host defense . Secretion of IL-17 is
triggered and perpetuated by IL-6 and IL-23 through
at least two transcription factors. The first one is Janus
kinase - signal transducer and activator of transcription
(JAK-STAT) and the second one is phosphoinositide3-kinase (PI3k) through the nuclear factor-κB (NF[15,16]
. STAT3 and/or NF-κB, respectively, translocate
κB)
to the nucleus to promote IL-17 production (Figure 1).

LITERATURE SEARCH
For this review, we used Pubmed and Google Scholar
databases to search for relevant articles using the
following mesh terms: “Th17 cells”; “NASH”; “NAFLD”
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Figure 1 Interleukin-17 signaling cascade and amplification loop. IL-17
upregulates the production of pro inflammatory cytokines IL-6 and IL-23 through
a complex intracellular signal involving IL-17 RA downstream Act1, MAPK
and C/EBP transcription factors and kinases. IL-6 and IL-23 after binding their
receptors, stimulate IL-17 production by PI3K and JAK/STAT3 that release NFκB to translocate to the nucleus. IL-17: Interleukin-17; Act1: Activator 1; JAK/
STAT3: Janus kinase/signal transducer and activator of transcription 3; PI3K:
Phosphoinositide-3-kinase.

RORγT
STAT3
IL-17

Treg

Th1

Figure 2 T cell differentiation and plasticity. A naïve CD4 T cell differentiates
into different T effector cell subsets depending on the cytokines present in the
enviroment. Effector T cells secrete their characteristic cytokines represented in
red. In the presence of pro-inflammatory IL-6, already differentiated Tregs can
switch their phenotipe to Th17 and secrete IL-17. IL-17: Interleukin-17; Treg:
Regulatory T cells; TGF-β: Transforming growth factor β; IFN-g: Interferon-g.

Several studies have established that differentiation
of Foxp3+ Tregs is not static and that they can
[24,25]
transdifferentiate into Th17 cells
. In mice, IL-6
showed to convert Foxp3+ cells into Th17 cells in the
[25]
absence of TGF-β (Figure 2).
IL-17 has been linked to the pathogenesis of many
immune mediated diseases like psoriasis, pulmonary
fibrosis, systemic sclerosis, myocardial fibrosis,
systemic lupus erythematosus, inflammatory bowel
disease, rhino sinusitis, encephalomyelitis, multiple
[7,8,26-37]
sclerosis, asthma, and uveitis
. Still, the role of
the Th17 pathway in human liver disease is not fully
understood.

Regarding IL-17 receptors, there are five different
heterodimeric receptors for the IL-17 family ligands.
IL-17 RA is ubiquitously expressed on a wide range
of tissues (liver, intestine, lung, adipose tissue) and
cell types (endothelial and immune cells). IL-17RA
downstream signaling involves activation of NF-κB
activator 1 (Act1), CCAAT/enhancer binding protein
beta (C/EBPβ), CCAAT/enhancer binding protein
delta (C/EBPδ) and mitogen-activated protein kinase
(MAPK) activation, followed by NF-κB and JNK nuclear
translocation. Thus, leading to the production of proinflammatory cytokines and chemokines and subsequent
[15,17]
myeloid cell recruitment to the inflamed tissue
.

ROLE OF Th17 CELLS IN THE
PROGRESSION FROM NAFLD TO NASH

Th17 cells diversity and plasticity

Even though Th17 and T regulatory cells (Tregs) have
different functions, they do share some similarities.
Depending on the stimulus, both T cells populations
[18]
are capable to change their regulation and function .
TGF-β for example, is essential for differentiation of
both cell types, but in the absence of pro-inflammatory
signals promotes the expansion of inducible Tregs
[19]
(iTregs) . On the other hand, Th17 development
[16,17]
requires the presence of both TGF-β and IL-6
.
This effect could be explained by a TGF-β concen
tration-dependent function. TGF-β at low concentrations
acts synergistically with IL-6 and IL-21 to promote
IL-23 receptor (IL-23R) expression, favoring Th17
[20,21]
differentiation
. On the contrary, at high concentrations,
TGF-β suppresses IL-23R and Tregs development is
favored by Foxp3+ expression (which in turn inhibits RORγt
[22,23]
function)
.
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IL-6

The association between obesity and NAFLD/NASH
implicates the crosstalk of many cells types and
organs. Due to the limitation of using human samples,
the best approach is to study deeply the different cell
interactions in murine models.
There is evidence regarding IL-17 axis playing a
broad role in multiple models of NAFLD via modulation
of hepatic inflammation. Among resident hepatic cells,
hepatic stellate cells (HSC), Kupffer cells, hepatocytes
and endothelial cells express the IL-17RA and are
known to activate inflammatory pathways which
[38,39]
exacerbate the disease
. On the other hand, other
studies showed that hepatocytes and endothelial cells
do not transmit IL-17 signals despite IL-17RA expression
[39-41]
and that they do not produce IL-17
. As regard the
production of IL-17 in liver, is not only limited to CD4+
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Inflammatory cytokines, TGF-β, IL-6, IL-1β , and
TNF-α were increased after BDL, but when anti-IL17mAb treatment or knock out (KO) IL-17RA mice was
performed, a marked improvement in liver function was
observed. Suppressed Kupffer cells and HSC activation
(collagen-α1 production through STAT3), macrophages
infiltration and decreased proinflammatory mediators
[39,49]
level in serum and injured liver in mice were shown
.
Diet induced models of liver damage have been
characterized. One of the most used is the Methionine
Choline deficient diet (MCDD) where steatohepatitis
occurs at day 10 and fibrosis is observed by 8-10 wk
[50]
in mice . The main disadvantage of this model is that
obesity and insulin resistance are not present. MCDDdriven NAFLD was related to increased hepatic IL-17RA
expression and IL-17A/IL-17F production. Moreover,
was observed an increase of Tregs (peak at 4 wk of
[51]
diet) and Th17 (peak 8 wk of diet or further) . When
MCDD animals were treated in-vivo with neutralizing
antibodies against CD25 or IL-17, the liver injury
(measured by ALT and AST levels) was alleviated or
worsen respectively. However, no evident histological
[51]
changes were found . On the other hand, when KO
mice of IL-17RA, IL-17A or IL-17F were challenged
with the diet, a reduction in proinflammatory cytokine
and chemokine production, immune cell infiltration and
[52,53]
hepatocellular damage was observed
. The antiinflammatory and/or immune-regulatory mediators
normally inhibited by the IL-17 axis were restored, for
instance when IL-17A or IL-17F were missing Treg cell
expansion and activation returned to normal. Rolla et
[52]
al
described no changes in Treg cells but observed
the presence of Th22 cells. Interestingly, was shown in
IL-17 KO mice that Th22 cells seemed to be protective
[52]
in NASH preventing from lipotoxicity .
Another widely used diet induced model of liver
injury in mice is the high fat diet (HFD). Even if it is
a good model for glucose intolerance and obesity,
fibrosis is rarely observed and usually additional
events such as LPS challenge are required to develop
it. The increased oxidative stress produced in the
fatty liver causes the apoptosis of Tregs, and increase
[54,55]
the Th17 cells
. When IL-17 is neutralized in HFD
mice the challenge with LPS promotes a decrease in
serum transaminases levels and a reduced hepatic
[55]
inﬂammatory cell inﬁltrate . In in vitro high fat
models (HepG2 and primary mice hepatocytes) the
exposure to IL-17 induced a higher IL-6 release in
the culture medium, higher triglyceride intracellular
[55]
content and interfered insulin-signaling pathway
(Table 2).

Table 2 Th17 in mouse models of liver injury
Model

Th17 cells Th17/Tregs

IL-17
expression

Ref.

↑

Meng et al[39]
Sun et al[45]
Meng et al[39]
Zhang et al[49]
Rolla et al[52]
Giles et al[53]
Liu et al[51]
Tang et al[55]

CCL4

↑

↑

BDL

↑

↑

MCDD

↑↑

↑

HFD

↑↑

↑

IL-17: Interleukin-17; Th17: IL17 secreting T helper; Treg: Regulatory
T cells; CCL4: Carbon tetrachloride; BDL: Bile duct ligation; MCDD:
Methionine choline deficient diet; HFD: High fat diet.

and CD8+ T cells. Natural Killer T cells, macrophages,
neutrophils, γδ T cells and Innate Lymphoid Cells are
[39,42,43]
also capable of producing IL-17
. At least for now,
only Th17 CD4 T cells, macrophages and neutrophils
are known to be involved in the development of steato
hepatitis inflammation process.

Th17 studies in different animal models of NAFLD

As mentioned before, the progression from NAFLD to
NASH involves a wide spectrum of events such as lipid
[44]
deposition, inflammation, oxidative stress, fibrosis .
To study the mediators involved in this process, were
characterized and described several animal models.
One of the oldest model for liver fibrosis is the CCL4
toxin-based damage. During the development of liver
fibrosis by this approach, CD4+ and CD8+ T cells
both exhibited increased IL-17A expression. However
the major source of this interleukin was represented
by neutrophils. Moreover, HSC were activated and
responded by increasing IL-6, α-SMA, TNF-α and TGF-β
[39,45,46]
mRNA expression
. Therefore, when studied the
balance of Th17/Treg in the liver, it was favored toward
[45]
Th17, thus promoting inflammation .
In vivo and in vitro analysis of this model demon
strated that in HSC, IL-17 increases the expression of
Collagen-α1 through STAT3 signaling. Stimulation of
HSCs with IL-17 results in Collagen-α1 up-regulation
via IL-17RA. Moreover, in a STAT3-deﬁcient mice, HSCs
do not up-regulate Collagen-α1 in response to IL-17A,
confirming that this mediator is a required target of
[39,47]
IL-17 signaling
.
Another model of liver injury is the bile duct
ligation (BDL) where the bile flow is disrupted, re
sulting in severe inflammatory cholestatic liver injury
that induces a strong fibrotic response after 21 to
[48]
28 d . During the inflammatory process CD4+ T
cells exhibited an increase in IL-17 expression in the
liver. For the CD8+ T cells controversial results were
observed, in some studies was reported that IL-17 was
[39,49]
produced whereas others indicated the opposite
.
However, neutrophils keep on representing the major
source of IL-17 among the infiltrating cells in liver after
[49]
BDL .
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Th17 studies in humans

NAFLD prevalence is higher in morbid obese (MO)
patients than in the lean population, and these
patients present a higher risk for developing NASH
and its complications. In a prospective study that
included 112 obese patients with NAFLD, the Th17/
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disorder among NAFLD patients. In the work of Zeng
[60]
et al , CD4 T cells from PBMC were analyzed by flow
cytometry. A reduction in the absolute number and
in the percentage of Tregs was shown favoring the
[60]
Th17/Tregs ratio toward Th17 cells . Even though
functionality of Tregs cells was conserved, their
number was decreased because of impaired survival
ability. Interestingly, Th17 cells were higher in patients
[57]
that presented more T2D complications . Conversely,
no differences were found in IL-17 plasma of T2D
[61]
compared to age-matched healthy controls .
In liver fibrosis secondary to primary biliary
cirrhosis (PBC), patients presented higher peripheral
Th17 cells when compared to healthy controls. In the
[62]
liver, IL-17+ cells gathered around the portal areas .
Furthermore, in cirrhotic liver tissue IL-17+ cell infil
[46]
tration was higher than controls .
In vitro studies of human hepatic stellate cells (HSC)
exposed to IL-17 showed a dose dependent activation
and proliferation response that was neutralized by
[62]
[63]
an IL-17 antagonist . Fabre et al
evaluated HSC
activation (LX2 cell line and primary human hepatic
stellate cells) by IL-17. They observed that IL-17 by
itself was insufficient to activate the cells, but when
combined with a suboptimal TGF-β dose generated
a strong activation enhancing TGF-β response by
increasing cell surface expression of its receptor and
[63]
the profibrotic signaling .
Regarding the pediatric population, much less is
known; we found only a study conducted by Łuczyński
[64]
et al
in children with central obesity. They showed
higher percentages of Th17 cells in the peripheral blood
[61]
in comparison with healthy lean children . In other
pediatric diseases these T cells were involved, principally
in inflammation, such as autoimmune thyroid disease
[65,66]
or Mycoplasma pneumoniae infection
(Table 3).

Table 3 Th17 in human tissues

Liver

Th17
cells

Th17/
Tregs

IL-17
expression

↑

↑

↑

VAT

↑↑

SAT

↑

PBMC

↑↑↑

↑↑

Disease

Ref.

NAFLD Rau et al[4]
MO
PBC
Shi et al[62]
CH - CIRR
Tan et al[46]
MO
McLaughlin et al[59]
MO
Zapata-Gonzalez
et al[58]
MAO
Fabbrini et al[57]
MO
McLaughlin et al[59]
NAFLD Rau et al[4]
MO
T2D
Zeng et al[60]
Obesity
Łuczyński et al[64]
PBC
Shi et al[62]

IL-17: Interleukin-17; Th17: IL-17 secreting T helper; Treg: Regulatory T
cells; VAT: Visceral adipose tissue; SAT: Subcutaneous adipose tissue;
PBMC: Peripheral blood mononuclear cells; NAFLD: Nonalcoholic fatty
liver disease; MO: Morbid obesity; PBC: Primary biliary cirrhosis; CH:
Chronic hepatitis; CIRR: Cirrhosis; T2D: Type II diabetes mellitus.

Tregs ratio correlated positively with NASH progression
(by histology) and CK-18 expression (one of the
proposed biomarkers of NAFLD progression) analyzed
in peripheral blood and in intra hepatic lymphocytes.
One year after bariatric surgery, there was a decrease
in the Th17/Tregs ratio that became similar to healthy
[4]
[56]
lean controls . In Vonghia et al
prospective study,
a decrease in the IL-10/IL-17A ratio marked an
accentuated pro-inflammatory state in obese patients
with NASH in comparison to those without NASH.
Studies with MO patients evaluated subcutaneous
adipose tissue CD4 T cells content from lean, meta
bolically normal obese and metabolically abnormal
obese subjects. They found that CD4+ gene expression
was increased progressively and skewed towards
Th17 phenotype. JNK activation was proposed as
the mechanism responsible for IL-17 induced insulin
[57]
resistance .
IL-17 mRNA expression from visceral adipose
tissue (VAT) and subcutaneous adipose tissue (SAT)
of MO patients was increased in comparison to normal
[58]
weight women being higher in VAT than in SAT .
Moreover, SAT, VAT and peripheral blood mononuclear
cells (PBMC) from overweight/moderately obese and
MO subjects presented a marked increase in the
Th17 population (VAT higher than SAT and peripheral
[59]
blood) . Positive correlations between IL-17 vs
IL-6 or Resistin at mRNA levels were found but not
correlations for the percentages of Th17 cell with
[58,59]
insulin resistance values have been established
.
[52]
Contrarily to what is reported in mice , to our
knowledge the study published by Zapata-Gonzalez
[58]
et al
is the only one that reported higher plasmatic
IL-17 concentration in the normal weight group than in
MO patients.
Diabetes mellitus type II (T2D) is a common
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CONCLUSION
A pro-inflammatory state is crucial for the initiation
and maintenance of inflammation in the onset and
progression of NAFLD/NASH. T cells resident in nonlymphoid tissues are able to regulate local inflammation
by modulating immunological and non-immunological
responses. Many studies in different animal models
have proved the important role of the Th17 pathway in
inflammation and HSC activation. Much less is known
about human physiopathology of NAFLD due to the
limitations and difficulty to obtain samples. Studies with
obese or diabetic patients obtained higher Th17 cells in
blood with no changes or decrease in Tregs. If IL-17 is
elevated or not in plasma is still controversial. Adipose
tissue and intrahepatic Th17 lymphocyte subsets have
been assessed in NAFLD/obese/PBC patients, being
higher compared to control individuals.
It has been widely argued if inflammation occurs
first in liver than in adipose tissue or the other way
around. Until now, this is still unraveled but it is
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known that the adipose tissue inflammation and their
adipokines, free fatty acids, and gut derived microbial
products could promote Th17 differentiation in the liver,
with the consequent imbalance towards inflammation.
Obesity may maintain a positive feedback loop that
promotes Th17 survival in the inflamed liver. This would
explain how weight loss after bariatric surgery can
reverse clinical and histopathological features of NASH.
On the other hand, it seems that the T cell imbalance
occurs in situ, but to date there is not enough evidence
to explain the connection between adipose tissue
inflammation and hepatic injury progression.
Studies that analyze the crosstalk between the
different organs during the NAFLD/NASH progression
should be promoted in order to evaluate and establish
the main players in this disease.
Although there is evidence that implicates the Th17
pathway as a key player in the progression of NALFD,
it seems that there is a lot more to be elucidated.
Plasticity of this cell subtype may render it a therapeutic
target.
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Abstract
AIM
To study the innate immune function in ulcerative

Informed consent statement: All biological samples from the
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colitis (UC) patients who fail to respond to anti-tumor
necrosis factor (TNF) therapy.

(TLR), TLR agonists] exist between UC responders and
non-responders. Differences exist in (1) content of
immune and regulatory cells in their blood; (2) capacity
of their cells to produce cytokines; and (3) in their
signalling following TLR activation. Serological measure
of TLR function may prove to be a useful tool in clinic
to predict patient’s response to anti-TNF treatment.

METHODS
Effects of anti-TNF therapy, inflammation and me
dications on innate immune function were assessed by
measuring peripheral blood mononuclear cell (PBMC)
cytokine expression from 18 inflammatory bowel disease
patients pre- and 3 mo post-anti-TNF therapy. Toll-like
receptor (TLR) expression and cytokine production post
TLR stimulation was assessed in UC “responders” (n =
12) and “non-responders” (n = 12) and compared to
healthy controls (n = 12). Erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) levels were
measured in blood to assess disease severity/activity
and inflammation. Pro-inflammatory (TNF, IL-1β, IL-6),
immuno-regulatory (IL-10), Th1 (IL-12, IFNγ) and Th2
(IL-9, IL-13, IL-17A) cytokine expression was measured
with enzyme-linked immunosorbent assay while TLR
cellular composition and intracellular signalling was
assessed with FACS.

Baird AC, Mallon D, Radford-Smith G, Boyer J, Piche T, Prescott
SL, Lawrance IC, Tulic MK. Dysregulation of innate immunity
in ulcerative colitis patients who fail anti-tumor necrosis factor
therapy. World J Gastroenterol 2016; 22(41): 9104-9116
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9104.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9104

INTRODUCTION
Inflammatory bowel diseases (IBDs), including Crohn’s
disease (CD) and ulcerative colitis (UC) are life-long,
immunologically-mediated disorders that are increasing
[1,2]
in frequency . One of the main pro-inflammatory
cytokines involved in ongoing and uncontrolled inflam
mation in IBD is tumor necrosis factor alpha (TNFα).
Although the use of anti-TNF therapy (Infliximab® and
Adalimumab®) has revolutionized the treatment of
[3-6]
the disease , one third of patients fail to respond
and significant proportion loose sensitivity or become
[7]
steroid dependent. In the past, serologic and faecal
[8,9]
as well as genetic
markers have been used to
predict response to anti-TNF therapy, however these
are often not effective or extremely expensive. Our
lack of understanding why certain patients respond to
anti-TNF therapy and others don’t hinders our progress
in predicting which patients are likely to benefit from
this costly treatment.
Inflammation in IBD is thought to result from
inappropriate activation of the innate immune system
by intestinal luminal antigens or a defect in its signaling
[1]
regulation in genetically susceptible individuals . Tolllike receptors (TLR 1-10) are crucial activators of innate
immunity. All TLRs signal through MyD88-dependent
pathway except TLR3. TLR4 can signal through both
MyD88-dependent and MyD88-independent pathways
but requires CD14 (Figure 1). IRAK4 plays a critical role
in initiating nuclear factor kappa B (NFκB) intracellular
signalling pathway and therefore production of proinflammatory cytokines. The role of TLRs in IBD is
[10-12]
mounting
; polymorphisms in TLR genes are
[13-15]
associated with increased risk of IBD
and genes
regulating TNF signalling and TNF production have been
[13]
shown to be important predictors of anti-TNF therapy .
Together these finding suggest a strong pathogenic
association between the TLRs and IBD.
Previously we have demonstrated that measurement
of early innate immune function in peripheral blood of
children (TLR responses during their first 5 years of

RESULTS
Prior to anti-TNF therapy, responders and nonresponders had similar level of disease severity and
activity. PBMC’s ability to respond to TLR stimulation
was not affected by TNF therapy, patient’s severity
of the disease and inflammation or their medication
use. At baseline, non-responders had elevated innate
but not adaptive immune responses compared to
responders (P < 0.05). Following TLR stimulation, nonresponders had consistently reduced innate cytokine
responses to all TLRs compared to healthy controls
(P < 0.01) and diminished TNF (P < 0.001) and IL1b (P < 0.01) production compared to responders.
This innate immune dysfunction was associated with
reduced number of circulating plasmacytoid dendritic
cells (pDCs) (P < 0.01) but increased number of
CD4+ regulatory T cells (Tregs) (P = 0.03) as well as
intracellular accumulation of IRAK4 in non-responders
following TLR-2, -4 and -7 activation (P < 0.001).
CONCLUSION
Reduced innate immunity in non-responders may
explain reduced efficacy to anti-TNF therapy. These
serological markers may prove useful in predicting the
outcome of costly anti-TNF therapy.
Key words: Ulcerative colitis; innate immunity; antitumor necrosis factor therapy; Toll-like receptor; IRAK4;
inflammatory bowel disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: anti-tumor necrosis factor (TNF) therapy is
effective in approximately 60% of ulcerative colitis
(UC) patients. Currently we do not know which patients
are likely to benefit from this costly treatment. Here
we show that differences in innate immune function
[measured by patients response to toll-like-receptor
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Figure 1 Toll-like receptor signalling pathway. TLR: Toll-like receptor.

life) identified striking differences in the developmental
of their innate immune responses and profile of these
responses were a good indicator of their subsequent
[16]
risk of development of allergic disease . As the
inflammatory extra-intestinal manifestations in UC
suggest an immunological component not isolated
to the intestine, the same methodology was used to
investigate the global innate immune function in UC
patients to determine if differences can explain the
heterogeneity in their clinical responses to anti-TNF
therapy.
This study investigated the interaction between
the TLR activity in UC patients responsive or nonresponsive to anti-TNF therapy to determine if
TLR levels, activity and/or TLR signalling pathways
correlate with patient’s response to anti-TNF therapy.
It was hypothesised that there are inherent differences
in innate immune function between responders and
non-responders which may explain differences in their
clinical effectiveness of treatment. These novel results
extend our understanding of intestinal inflammation
pathogenesis and implications of innate immunity in
UC patients’ response to anti-TNF therapy.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study design

This study was conducted as a prospective and
retrospective observational study. The former, to
determine whether inflammation levels, medication
use, patient demographics, surgery and anti-TNF
therapy itself influenced patient outcome (response
or non-response to TNF therapy), and the latter to
determine if there were differences in the underlying
mechanisms responsible for TLR recognition and
innate immune response. To address these aims, proinflammatory cytokine levels, TLR expression, TLR
signalling and cell populations were analysed from
isolated PBMCs pre- and post-anti-TNF therapy and;
(1) correlated back to inflammation levels, medication
use, patient demographics, surgery and anti-TNF
therapy itself, and (2) were then compared between
responders and non-responders.

Participants

IBD patients (n = 42) and healthy controls (n =
12) were recruited from Centre for Inflammatory
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Bowel Diseases, Fremantle Hospital, Perth, Australia.
The diagnosis of CD and UC was made based upon
clinical, endoscopic, histopathological and radiological
findings, and classified by the “Montreal classification”.
Patient demographic data included data of birth, age
at diagnosis, age at time of study, timing of anti-TNF
therapy, concurrent immunosuppressive medications,
surgeries, family and smoking history. To examine
the effects of disease, anti-TNF therapy, inflamma
tion and medication use on innate immunity, blood
was taken from 18 IBD patients (13 with CD and 5
with UC) prior (pre-anti-TNF) and 3 mo after antiTNF therapy commenced (post-anti-TNF). To study
immune responses in responder and non-responder
UC patients, blood was collected from separate 24
UC patients and compared to 12 healthy controls.
UC patients achieving clinical remission, defined by a
Colitis Activity Index (CAI) ≤ 4, and normal C reactive
protein (CRP) ≤ 10 mg/L, were considered responders
(Rs, n = 12), whilst those who failed to respond with
a reduction in CAI of < 4 points and a consistently
elevated CRP as non-responders (NRs, n = 12).

characterisation and Analysis (CMCA), UWA, Australia.
The limit of detection was 3 pg/ml for all cytokines.
Data was analysed using the xPONENT 4.2 for MAGPIX
software (Luminex Corporation, Austin, TX, United
States).

Flow cytometric analysis

PBMC cells were stained with monoclonal antibodies to
+
+
identify macrophages/monocytes [Mϕ] (HLADR CD14 ),
+
+
natural killer cells (CD16 CD56 ), myeloid (Lin1
+
+
HLADR CD123 CD11c ) and plasmacytoid (Lin1
+
+
HLADR CD123 CD11c ) dendritic cells (DC), effector T
+
+
+
+
cells (CD4 or CD8 ), T regulatory cells (CD4 CD25 CD127
+
+
+
or CD8 CD25 CD127 ), memory T cells (CD45RO )
+
+
and naïve T cells (CD45RA CD4 ) (supplement Table
1). Isotype-matched antibodies were used as controls
(supplement Table 1) and assessed by FACS analysis.
For the analysis of TLR and CD14 receptor levels,
unstimulated and stimulated PBMCs were stained with
TLR2 (1:20 dilution, PE; eBiosciences, San Diego, CA,
United States), TLR4 (1:50 dilution, APC; eBiosciences),
TLR9 (1:20 dilution, APC; BD Pharmingen, San Diego,
CA, United States) and CD14 (1:20 dilution, FITC;
eBiosciences) prior to fixing according to manufacturer’s
instructions. Isotype-matched antibodies were used as
controls.
To address differences in MyD88-dependent
signalling in unstimulated and stimulated PBMCs,
PBMCs were cultured alone or with TLR2, TLR3,
TLR4, TLR7 TLR9 agonists as previously described for
15 min at 37 ℃ with 5% CO2. Cells were fixed and
permeabilized according to manufacturer’s instructions
(BD Biosciences, San Diego, CA, United States) and
stained for phosphorylated NFκB (pNFκB) (1:5 dilution,
AF488; BD Biosciences), total IRAK4 (1:5 dilution,
PE; BD Biosciences) and total Iκβα (1:5 dilution,
AF647; BD Biosciences). Stained cells were captured
using the FACScanto II bench top flow cytometer
(BD Biosciences) at the CMCA, UWA, Australia and
analysed using FlowJO v7.6.3 research software (Tree
Star Inc. Oregon, United States).

Blood collections and processing

Sixty millilitres of peripheral blood was collected and
peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll-Hypaque gradient centrifugation and
cryopreserved (7.5% DMSO) at -80 ℃ for future use.

PBMC stimulation

PBMCs were cultured alone or with various TLR
agonists including lipoteichoic acid (LTA 1 µg/ml,
TLR2 ligand), Poly I:C (50 µg/ml, TLR3 ligand), E.
coli lipopolysaccharide (LPS 10 ng/ml, TLR4 ligand),
Flagellin (1 µg/ml, TLR5 ligand), Imiquimod (10 µg/ml,
TLR7 ligand), Gardiquimod (10 µg/ml, TLR8 ligand)
or CpG oligonucleotide (CpG 3 µg/ml, TLR9 ligand);
all purchased from InvivoGen, CA, United States. All
cultures were plated in duplicate in 96-well roundbottom plates in 250 µl RPMI (Gibco, Life Technology,
Grand Island, NY, United States) supplemented with
10% foetal calf serum (Australia Biosearch, Australia)
and incubated at 37 ℃ with 5% CO2 for 24 h (LTA, Poly I:
C, LPS and Flagellin) or 48 h (Imiquimod, Gardiquimod
or CpG). The supernatants were then removed and
stored at -20 ℃ until cytokine analysis.

Statistical analysis

Significance between groups at 95% confidence level
was determined by paired and Mann-Whitney nonparametric unpaired t tests, using Graphpad Prism
4.0 software package (Graphpad, San Diego, CA,
United States). Results were expressed as median
geometric mean with 95% confidence interval, foldchange from basal ± SD, mean percentage of total cell
population ± SD or mean fluorescence intensity (MFI)
± SD. Correlation between medications and patient’
s response to anti-TNF therapy was determined by
multiple regression analyses using SPSS version 14.0
software package for Windows PC (IBM, Armonk, NY,
United States). Statistical significance was considered
as P < 0.05.

Multiplex bead assay

Cytokines [TNFα, interferon γ (IFNγ), interleukin (IL)1β, IL-6, IL-9, IL-10, IL-12, IL-13 and IL-17A] were
measured from culture supernatants. Multiplex beads
®
for the Bio-Plex multiplex system (Life Sciences,
Bio-Rad Laboratories Pty, Ltd., Vic, Australia) were
diluted 1:2 in bead diluents and the 9plex bead assay
according to the manufacturer’s protocol using a
®
®
Luminex 200 Bead array with Xmap multiplexing
technology located at the Centre of Microscopy,
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Table 1 Inflammatory bowel disease patient demographics
and characteristic

Table 3 Crohn’s disease vs ulcerative colitis pre-anti-tumour
necrosis factor therapy

n or mean ± SD (range)

Characteristics
Male:female
Age at diagnosis(yr)
Disease duration
Montreal classification
CD
UC
Age at diagnosis (yr)
A1 ( ≤ 16)
A2 (17-40)
A3 (> 40)
Smoking status
Never smoked
Ex-smoker
Current smoker
Anti-TNF response
Responder
Non-responder

CD (n = 13) (n or UC (n = 5) (n or
mean ± SEM)
mean ± SEM)

7:11
26.6 ± 11.3 (12-56)
8.4 ± 7.9 (0-30)

Immunosuppressant
Thiopurine
Tacrolimus
Prednisone
Prednisone/
thiopurine
Methotrexate
5-ASA
ESR
CRP
Partial Mayo1 (out of
9 - UC patients only)
CDAI (CD patients
only)

13
5
1
14
3
7
5
6
13
5

NS

NS
NS
NS

-

differences in the number of patients on individual or
combined immune-suppressants, methotrexate, 5-ASA
or corticosteroids (Table 2). Although the ESR and CRP
levels appeared higher in responders, they were not
significantly different to non-responders suggesting
similar level of disease severity/activity between the
two groups. This suggests that whether a patient
responds or not to anti-TNF therapy is not predicted by
their ESR, CRP, CDAI or partial Mayo score, nor their
medication use. As expected, the partial Mayo scores
were significantly higher in non-responders (7.3 ± 0.6,
n = 3) than in responders (0.5 ± 0.5, n = 4) post-antiTNF therapy (p = 0.004), as were the CDAI scores
(198 ± 42, n = 2 vs 80.1 ± 21.7, n = 9 respectively,
P = 0.04). This was also true of the CRP levels (23 ±
1.9, n = 5 vs 7.4 ± 3.4, n = 13 respectively, P = 0.01)
(data not shown). Considering CD and UC patients
separately, all patients suffered from moderatelysevere inflammation and there were no significant
differences in medications, ESR or CRP levels pre antiTNF therapy (Table 3). At the time of the second blood
draw (3 mo post-anti-TNF induction therapy), two
thirds of the patients had gone into remission with
anti-TNF therapy (CDAI < 150, CAI ≤ 4 and CRP ≤
10 mg/L) and had ceased steroid therapy. Five (n =
5) did not respond to anti-TNF therapy, three (n = 3)
continued on steroid therapy (1 responder and 2 nonresponders P > 0.05) and two (n = 2) underwent
surgery with cessation of immunomodulation.

P value

NS
NS
NS

NS
NS
NS
NS
NS

1

Partial Mayo scores presented, as not all patients had endoscopic
examination at time of blood draw. CDAI: Crohn’s disease activity
index; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; UC:
Ulcerative colitis.

RESULTS
Baseline inflammation, medication use and disease type
in UC patients prior to anti-TNF therapy

Clinical data comparison of patient population:
To determine if innate immune response were
altered by the use of immuno-suppressants and antiinflammatory medications, disease type or the level of
inflammation measured by erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP) levels, CD activity
index (CDAI) and partial Mayo score pre-anti-TNF
therapy, the clinical data of 18 IBD patients were
compared (Tables 1 and 2).
Prior to anti-TNF therapy, clinical data of responders
and non-responders demonstrated no significant
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337 ± 29.8 (n = 12)

0
3
27.6 ± 11.8 (n = 4)
29.8 ± 12 (n = 4)
8.5 ± 0.9 (n = 4)

NS

Partial Mayo scores were presented, as not all patients had undergone
endoscopic examination at time of blood draw. CD: Crohn’s disease;
CDAI: Crohn’s disease activity index; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate; UC: Ulcerative colitis.

Table 2 Clinical data of responders and non-responders

Immuno-suppressants
Thiopurine
10
4
Tacrolimus
0
0
Prednisone
6
4
Prednisone/thiopurine
5
2
Methotrexate
0
0
5-ASA
1
2
Corticosteroids
9
2
ESR
23.9 ± 4.8 (n = 11) 9.6 ± 2.2 (n = 4)
CRP
25.8 ± 6.8 (n = 13) 9.2 ± 3.7 (n = 4)
Partial Mayo1 (out of 9
8 ± 1.3 (n = 3)
8 (n = 3)
- UC patients only)
CDAI (CD patients only) 321.9 ± 35.4 (n = 9) 385 ± 55 (n = 3)

0
2
17.4 ± 3.3 (n = 11)
19.5 ± 6.3 (n = 13)
-

4
0
4
3

1

CD: Crohn’s disease; UC: Ulcerative colitis; TNF: Tumor necrosis factor.

Responders (n = Non-responders
13) (n or mean
(n = 5) (n or
± SEM)
mean ± SEM)

10
0
6
3

P
value

Basal and stimulated PBMC cytokine production
pre- and post-anti-TNF therapy: To investigate
whether medication use, anti-TNF therapy, disease
type or inflammation affected baseline PBMC function,
isolated PBMCs were cultured in vitro and basal and
stimulated supernatant cytokine levels measured.
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Table 4 Ulcerative colitis cohort demographics and characteristics

Male:female
Mean age at diagnosis (yr) (SD/range)
Mean age at assessment (yr) (SD/range)
Mean disease duration (yr) (SD/range)
Median time of blood draw post-therapy (wk) (range)
Montreal classification, n
Age at diagnosis (yr)
A1 - ≤ 16
A2 - 17-40
A3 - > 40
Disease location
E1 - Proctitis
E2 - Left sided
E3 - Extensive
Smoking status (n)
Never smoked
Ex-smoker
Current smoker

UC non-responders (NR)
(n = 12)

UC responders (R)
(n = 12)

P value

Controls

NR vs R

(n = 12)

6:6
27.5 (12.2/15-59)
33.6 (14/20-67)
6.9 (2.7/13.1/20-67)
156 (12-364)

4:8
24.5 (8.8/10-36)
38.6 (14.2/21-64)
17.5 (10.6/4-37)
208 (12-468)

NS
NS
NS
0.01
NS

4:8
NA
33.4 (13/18-52)
NA
NA
NA

1
9
2

1
10
1

NS
NS
NS

2
1
9

0
4
8

NS
NS
NS

8
3
1

8
4
0

NS
NS
NS

8
2
2

UC: Ulcerative colitis.

Basal innate (TNF, IL-1β, IL-6), immunoregulatory
(IL-10), Th1 (IL-12 and IFNγ) and Th2 (IL-9, IL-13 and
IL-17A) cytokine expression was similar pre- and postanti-TNF therapy suggesting it was not affected by
treatment (Supplementary Figure 1).
To determine if anti-TNF therapy affected the
PBMC’s ability to recognise and respond to stimulation,
TNF production pre- and post-anti-TNF therapy
was measured post TLR activation. TNF production
was unaffected or even higher (P = 0.03 for TLR4
stimulation) post-TNF therapy compared to production
pre-therapy (Supplementary Figure 2) suggesting that
anti-TNF therapy does not reduce the PBMC’s ability
to recognise, or responds to TLR activation. None of
the other cytokine levels were affected post therapy
(data not shown). TNF production post TLR3 and TLR4
activation was approximately 10-fold higher than
stimulation of other TLRs.

of the controls were on any medications or suffering
from any infections or inflammatory conditions. There
was no correlation between any of the medications
(alone or in combination) and patient’s response to
anti-TNF therapy. At time of blood draw (post-antiTNF therapy) all responders were in clinical remission
(CAI ≤ 4 and CRP ≤ 10 mg/L) with 5 patients on
maintenance anti-TNF therapy, 8 on thiopurine and 4
on 5-ASA. Of the non-responders, 3 had blood drawn
following recovery from colectomy from uncontrolled
UC, 1 was in remission on tacrolimus and 4 had
ongoing inflammation with 6 taking oral corticosteroids
and all receiving thiopurines (Table 5).
Basal cytokine production in UC responders
and non-responders: PBMCs from UC patients
(responders and non-responders) had significantly
greater basal IL-1β, IL-6 and IL-10 levels compared
to healthy controls (Figure 2). Non-responders had
significantly increased TNF, IL-1β and IL-10 compared
to responders. There were no differences in basal
IL-12 production between UC groups compared to
controls or production of any of the Th2 cytokines
measured (IL-5, IL-9, IL-13 or IL-17A) (Figure 2). The
Th1 cytokine IFNγ was significantly elevated in nonresponders compared to responders and controls
(Figure 2).

The immune response of UC responders and nonresponders to anti-TNF therapy

As the use of anti-TNF therapy for the treatment of
UC is associated with higher rates of primary and
secondary non-responses than in CD patients, we
next set out to study innate immune responses in UC
patients who respond or do not respond to treatment.
Demographic and clinical data comparison of
UC patient cohort: PBMCs from 24 UC patients (n
= 12 responders and n = 12 non-responders to antiTNF therapy), and 12 healthy controls were isolated.
Bloods were taken post-anti-TNF therapy, with the
median time being 208 (12-468) wk for responders
and 156 (12-364) wk for non-responders (p = 0.52).
No significant demographic differences were detected
between the UC populations except that responders
had longer disease duration (P = 0.01) (Table 4). None
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Differences in stimulated cytokine production
by UC responders and non-responders: In
general, responders had similar TNF, IL-1β, IL-6 and
IL-10 responses to healthy controls following TLR
stimulation; exceptions being increased TLR9-induced
TNF in responders (Figure 3a), and reduced TLR7induced IL-1β (Figure 3b) as well as reduced TLR-3,
-5 and -7 induced IL-6 responses (p = 0.04) (Figure
3c). In contrast, TNF, IL-1β, IL-6 and IL-10 responses
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Table 5 Clinical data pre- and post-anti-tumour necrosis factor therapy

Pre-anti-TNF therapy
Immunosuppressant
Thiopurine
Tacrolimus
Prednisone
Prednisone/thiopurine
Methotrexate
5-ASA
ESR
CRP
Partial Mayo1
Post-anti-TNF therapy
Immunosuppressant
Thiopurine
Tacrolimus
Prednisone
Prednisone/thiopurine
Methotrexate
5-ASA
ESR
CRP
Partial Mayo1

Non-responder (n = 12)
(n or mean ± SEM)

Responder (n = 12)
(n or mean ± SEM)

P value

7
2
9
6
1
6
42.5 ± 12.9 (n = 7)
36.3 ± 10.1 (n = 11)
7.3 ± 0.5 (n = 7)

6
0
7
2
0
5
33.1 ± 10.4 (n = 7)
27.4 ± 7.4 (n = 12)
7.5 ± 0.2 (n = 11)

NS
NS
NS
NS

12
4
6
0
0
6
22.9 ± 7.9 (n = 4)
51.2 ± 14.6 (n = 12)
7.6 ± 0.4 (n = 12)

8
0
0
0
0
4
13.5 ± 4.7 (n = 9)
4.6 ± 1.2 (n = 12)
0.3 ± 0.2 (n = 12)

NS
0.045
0.007

NS
NS
NS
NS

NS
NS
0.0043
< 0.0001

1

Partial Mayo scores presented as not all patients had endoscopic examination at time of blood draw. CRP: C-reactive protein; ESR: Erythrocyte
sedimentation rate.

to all TLR agonists were significantly lower in nonresponders compared to healthy controls (p < 0.01)
(Figure 3a-d). Non-responders had significantly
lower TNF and IL-1β production to all TLRs compared
to responders (Figure 3a and b) as well as reduced
TLR9-induced IL-6 (Figure 3c) and TLR-3, -4, -8 and
-9-induced IL-10 (Figure 3d).

and CD14 were similar between the three groups and
was increased to similar levels in each of the groups
following stimulation (Figure 4b). No differences were
observed in basal or stimulated TLR/CD14 expression
levels between the groups suggesting that the
percentage pDC did not impact expression of TLRs or
CD14.

PBMC characterisation

TLR signalling

Isolated PBMCs are a mixed cell population and
differences in cytokine production are likely to be
attributed to differences in distribution of cellular
populations. Characterization of cellular populations in
the three study groups have shown both UC subgroups
to have higher percentage of monocytes in circulating
blood compared to controls (Figure 4a). Non-res
ponders had a significantly lower plasmacytoid DC
(pDC) frequency compared to responders and controls
(p < 0.01). This decrease in pDCs was associated with
+
increased percentage of CD4 regulatory T cell (Tregs)
compared to controls (p = 0.03) (Figure 4a). Increased
Tregs was of borderline significance in responders
compared to controls (p = 0.09; Figure 4a). We found
+
+
no difference in memory, naïve, CD4 , CD8 effector
+
T cells, CD8 Treg cells, NK cells or myeloid DC (mDC)
between the groups (data not shown).

MyD88-dependent signalling was assessed following
TLR-2, -3, -4, -7 and -9 stimulation of PBMCs by
measuring total IRAK4, total Iκβα and phosphorylated
NFκB (pNFκB) activity. TLR-3 was used as a control as
TLR3-mediated signalling is independent of MyD88,
[17]
IRAK4 and IRAK1 . Total IRAK4 levels did not change
upon TLR-3 activation and no differences in protein
levels between the 3 groups were identified (data
not shown). When comparing basal to stimulated
total IRAK4 levels; responders and controls had
similar response profiles, that is, significantly lower
total IRAK4 levels upon TLR stimulation (Figure 5),
whilst non-responders failed to reduce total IRAK4
following TLR-2, -4, and -7 stimulation (Figure 5). Total
IRAK4 was significantly increased in non-responders
following TLR-9 activation compared to basal levels
(p = 0.03, Figure 5). This suggests that in the nonresponders, the degradation/inhibition of IRAK4 may
be dysregulated resulting in its aberrant accumulation.
Whilst total Iκβα were significantly decreased in all
groups following stimulation (p < 0.02 for all), pNFκB
were significantly increased in all groups (p < 0.02 for
all; Figure 5).

PBMC expression of TLR2, -4, -7, -9 and CD14

As pDC frequency varied between responders and
non-responders, the level of basal and stimulated
TLR-2, TLR-4, TLR-7, TLR-9 and CD14 expression
levels were assessed. The baseline expression of TLRs
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Figure 2 Basal cytokine production in responders and non-responders compared to healthy controls. The basal expression of pro-inflammatory (TNF, IL1β, IL-6), regulatory (IL-10), Th1 (IL-12, IFNg) and Th2 (IL-5, -9, -13, 17A) cytokines were assessed and compared in peripheral blood mononuclear cells isolated
from healthy controls (C) (n = 12) and UC patients who are in remission following anti-TNF therapy, responders (R) (n = 12) and those who failed to respond, nonresponders (NR) (n = 12). Results were expressed as mean with 95%CI. The P values represent statistical significance of < 0.05 between the groups denoted. TNF:
Tumor necrosis factor; IL: Interleukin.

treatment in UC patients. Individuals innate immune
function may prove be a useful tool to predict cost
effective application of this treatment.
As there were no significant differences in medi
cation use, baseline ESR, CRP and inflammation
levels (as indicated by partial Mayo scores and CDAIs)
between responders and non-responders prior to
anti-TNF induction (part 1 of study), this strengthens
the hypothesis that the differences are intrinsic
and that there is an inherent difference within the
innate immune response of these two cohorts, i.e.,
their PBMCs function differently in response to TLR
stimulation. This was clearly demonstrated in nonresponders having significantly higher basal Th1
cytokine production compared to responders. Having
higher Th1 but not Th2 cytokine production was also
an indicator that the problem lays within the innate
and not the adaptive immune response. By using
both UC and CD patients in the initial experiments, it
demonstrated that these intrinsic differences may be
inherent in both UC and CD patients, and the ability
to be able to target and treat patients based on their

DISCUSSION
Non-communicable disease including cardiovascu
lar, metabolic, IBD and allergic diseases are now
surpassing infectious disease accounting for more
[18]
than 60% of all global deaths . The IBDs are
incurable, disabling life-long conditions. Albeit
expensive, anti-TNF therapy is an effective treatment
for approximately 60% UC patients; however, the
mechanisms responsible for lack of responses to
treatment are unknown. Here we have shown, for
the first time, clear differences in innate immune
function in peripheral blood of responders and nonresponders UC patients given anti-TNF therapy. We
have demonstrated that whilst, in general, responders
have similar innate cytokine responses to healthy
controls, non-responders have diminished innate
responses to all TLR agonists compared to controls
and reduced TNF and IL-1b responses compared to
responders. These results suggest dysregulation of
innate immunity in non-responders and may explain
heterogeneity in clinical effectiveness of anti-TNF
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Figure 3 Toll-like receptor-induced tumour necrosis factor, interleukin-1β, -6 and -10 in responders and non-responders compared to healthy controls.
The differences in basal and stimulated (A) TNF, (B) IL-1β, (C) IL-6 and (D) IL-10 production in PBMCs post TLR stimulation. Results were calculated and expressed
as fold-change from baseline (± SD). The P values represent statistical significance of < 0.05 between the groups as denoted. PBMC: Peripheral blood mononuclear
cells; TLR: Toll-like receptor; TNF: Tumor necrosis factor; IL: Interleukin.
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Figure 4 Peripheral blood mononuclear cells phenotype and toll-like receptor /CD14 protein levels in responders and non-responders compared to healthy
controls. A: Percentage of monocytes, pDC and CD4+ regulatory T cells were determined from total population of PBMCs isolated from responders (R, n = 12), nonresponders (NR, n = 12) and healthy controls (C, n = 12) by FACS analysis. Data are expressed as mean percentage (± SD) of total cell population; B: Basal (black
columns) and stimulated (white columns) TLR2, TLR4, TLR7, TLR9 and CD14 protein levels in PBMCs isolated from C (n =12), R (n =12) and NR (n = 12) were
assessed by surface and intracellular staining followed by FACS analysis. Data are expressed as mean fluorescence intensity (MFI ± SD). The P values represent
statistical significance of < 0.05 between the groups as denoted. PBMC: Peripheral blood mononuclear cells; TLR: Toll-like receptor; pDC: Plasmacytoid dendritic cells.
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Figure 5 Basal and stimulated toll-like receptor signalling pathways in responders and non-responders compared to healthy controls. PBMCs isolated
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innate immune response may be applied to both of the
IBD cohorts.
When specifically looking at differences between
the UC responders and non-responders, it was
noted that the non-responders had a significantly
higher constitutive or basal cytokine production than
responders and controls, and smaller fold change in
cytokine production upon TLR stimulation. High basal
cytokine levels and the lack of fluctuation in cytokine
production upon TLR stimulation suggests that the
mechanisms involved in the negative regulation of
TLR signalling may be impaired. Indeed, low levels
of immunoregulatory cytokine IL-10 seen in nonresponders compared to responders following TLR
activation (Figure 3) may explain why inflammation
cannot be controlled with anti-TNF therapy in these
patients.
We demonstrated that non-responders had a
significantly lower number of pDCs in their peripheral
blood compared to responders and to healthy
controls. Others have shown that UC and CD patients
experience a significant drop in their peripheral
pDC populations during acute inflammation and
significant increase in numbers within the intestinal
[19]
mucosa . The decreased pDC frequency we see
in non-responders may result from continuous
migration of peripheral pDCs into the intestinal mucosa
whereupon they mature, activate and contribute
to gut inflammation, thus resulting in an elevated
basal Th1 cytokine profile which is characteristic
of this population. The maturational status of the
peripheral pDCs in non-responders may also be
of importance, as healthy individuals display an
immature pDC phenotype which normally induces
[20]
T cell unresponsiveness , whilst IBD patients have
a lack of immature peripheral pDCs which would
[21]
perpetuate inflammation . Further investigation
into the distribution of pDCs in the peripheral blood
and the intestinal mucosa, and their maturational
status in the UC subgroups is required. The increased
+
frequency of CD4 Treg cells in non-responders could
suggest a problem with Treg homing to the mesenteric
lymph nodes and lamina propria to inhibit pathogenic
T effector cells during inflammation via direct contact
+
[22]
with cD11c dendritic cells , thus leading to ongoing
inflammation. Consistent with the increase in proinflammatory cytokines, monocyte frequency was
significantly greater in both UC subgroups compared
to controls, and no differences were observed in naïve,
+
+
memory or CD8 effector or CD8 Treg cell frequency,
which again supports the concept that the differences
in immunologic responses between the UC subgroups
lie within the innate immune system.
Downstream of the TLRs, we saw accumulation
of total IRAK4 in non-responders upon stimulation,
particularly following TLR-9 activation. IRAK4 is a key
[23]
signalling component in the innate immune response
[24]
and IRAK4 deficiencies have been implicated in IBD .
We know that IBD patients who do not respond to
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anti-TNF therapy maintain an increased expression of
[25]
pro-inflammatory cytokines . In our non-responder
population, this is associated with IRAK4 accumulation
and we may speculate such accumulation may lead
to prolonged activation of the signalling pathway
resulting in sustained and excessive pro-inflammatory
cytokine production seen in UC patients. Our signalling
data shows non-responders to have normal IRAK4
kinase activity however, other mechanisms which may
contribute to its accumulation such as defects in IRAK4
degradation or inhibition remains to be tested. It’s
been previously shown that IL-10 can induce IRAK4
[26,27]
ubiquitination and proteasomal degradation
. Our
results support reduced ability of non-responders
to induce IRAK4 ubiquitination due to their reduced
capacity to produce IL-10 following TLR stimulation.
Alternatively, IRAK4 activity is inhibited by cleavage
[26]
into its inactive form . Cleavage occurs by an NFκBinduced protease resulting in a smaller molecular
weight protein (32 kDa) that can also be recognised
[26]
by anti-IRAK4 antibodies . As IRAK1 phosphorylation
and NFκB activation precedes IRAK4 cleavage, this
suggests that this may be part of a negative feedback
[26]
inhibition loop .
There is no doubt that anti-TNF therapy can be
effective in UC but only in some patients. The ability
to predict patient’s response to anti-TNF therapy
would allow for more targeted therapy with better
cost-effectiveness. Here we provide evidence which
suggests that heterogeneity in the innate immune
function between UC patients may give us an im
portant insight into their subsequent responses to
future anti-TNF therapy. This would be particularly
beneficial for the patient with acute severe colitis
requiring rescue therapy when a choice must be
made between cyclosporine or anti-TNF therapy. It is
important to acknowledge that one of the potential
limitations of this study is the relatively small and
a mixed population of patients (CD and UC) used.
Moreover, it is known that pathogenesis of CD and UC
are different and disease can be more severe in the
[28]
elderly . In our cohort, results could not be explained
by differences in age between groups and our
functional innate differences between responders and
non-responders have been performed in UC patients
only. Our data offers promise for serological measure
of innate immune function in UC patients as a potential
application in clinic to predict response to costly antiTNF therapy. These data remain to be confirmed in a
larger cohort of not only UC but also CD patients. With
better prediction of the response to therapy, targeted
patient treatment may be possible in the future,
resulting in improved efficacy and cost-effectiveness of
treatment for all IBD patients.
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Abstract
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AIM
To evaluate the inflammatory state in Crohn’s disease
(CD) patients and correlate it with genetic background
and microbial spreading.

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the Institute
for Maternal and Child Health, IRCCS ‘Burlo Garofolo’, Trieste,
Italy (RC 03/2009).

METHODS
By means of flow cytometry, production of tumor
necrosis factor-alpha (TNF-α) was measured in
peripheral blood monocytes from patients suffering
from CD, ulcerative colitis (UC) and in healthy subjects
after stimulation of the NOD2 and TLR pathways. CD
patients were genotyped for the three most common
NOD2 variants (R702W, G908R and L1007Pfs*2) and
basal production of TNF-α was correlated to NOD2
genotype. Also, production of TNF-α was correlated to
plasmatic levels of LPS Binding Protein (LBP), soluble (s)
CD14 and to the activity state of the disease.
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RESULTS
The patients with CD were characterized by a signi
ficantly higher monocyte basal expression of TNF-α
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and relapsing intestinal diseases, such as Crohn’s
disease (CD) and ulcerative colitis (UC). Both genetic
and environmental factors are thought to play a role in
[1,2]
determining the disease phenotype .
On the one hand, CD and UC both involve intestinal
mucosa and share some clinical symptoms, i.e.,
bloody diarrhoea, abdominal pain and weight loss.
On the other hand, they present peculiar clinical
and pathogenic features. Indeed, major differences
between the two pathologies are found in the
localization of lesions: while CD interests the small
intestine (ileum) in particular, UC manifestations are
localized mainly in the colon and rectum. Moreover, CD
intestinal lesions, differently from UC, cause transmural
inflammation and are characterized by skip lesions,
[3]
alternating inflamed and not inflamed regions .
Diagnosis is based on clinical symptoms and
medical history of the patients and then confirmed by
endoscopic evaluations and histology. The classification
of the disease, which is useful for prognosis and
management of patients, is based on index of activity.
In particular, the reference scores for pediatric patients
[4]
is the Pediatric Crohn’s disease Activity Index (PCDAI)
and the Pediatric Ulcerative Colitis Activity Index
[5,6]
(PUCAI) .
The immunopathogenesis underlying CD involves
immune cells, such as monocytes, macrophages,
neutrophils, recruited and activated via inflammatory
cytokines, i.e., interleukin 6, interleukin 10, Interferongamma and Tumor Necrosis Factor-alpha (TNF-α)
[7]
as well as commensal microbiota . In contrast,
lymphocytic immune dysregulation seems to play an
important role in UC, as shown by the increase of T
cells activation markers and cytokines. Several gene
variants are associated with the activity of the T cells
[8]
and with the control of mucosal inflammation .
Although the etiopathology of CD is still unclear,
several studies have linked the onset of the disease
with an imbalance between mucosal immune system
[9,10]
and microbiota
. For this reason, it has been
suggested that CD inflammation may represent the
compensatory response to a variety of minor defects
in mucosal innate immunity. These deficiencies may
account for changes in the intestinal microbiota
(dysbiosis), which, together with multifactorial damages
of the intestinal barrier, may facilitate bacterial
translocation to the lamina propria and engagement
of inflammatory cells. Microbial components from
translocated bacteria can reach mesenteric lymph
nodes and the bloodstream, making it possible to
measure lipopolysaccharide (LPS), LPS-binding Protein
(LBP) and soluble (s)CD14, as markers of bacterial
[11]
spread across the intestinal mucosa . Moreover,
the circulating microbial components can induce
excessive stimulation of toll like receptors (TLRs)
followed by exacerbated activation of the immune
system. It has been proposed that genetic variants
in nucleotide oligomerization domain 2 (NOD2), the

compared with healthy subjects and UC patients, and
after stimulation with Pam3CSK4 (ligand of TLR2/1)
and MDP-L18 (ligand of NOD2) this difference was
maintained, while other microbial stimuli (LPS, ligand
of TLR4 and PolyI:C, ligand of TLR3) induced massive
activation in CD monocytes as well as in UC and
in healthy control cells. There was no significant
difference in the production of TNF-α between
patients who carried CD-associated heterozygous or
homozygous variants in NOD2 and patients with wild
type NOD2 genotype. Although serum LBP levels have
been shown to correlate positively with the state of
activity of the disease, TNF-α production did not show
a clear correlation with either LBP or sCD14 levels
in plasma. Moreover, no clear correlation was seen
between TNF-α production and activity indices in either
CD or UC.
CONCLUSION
Peripheral monocytes from CD express higher basal
and stimulated TNF-α than controls, regardless of
NOD2 genotype and without a clear correlation with
disease activity.
Key words: Crohn’s disease; Ulcerative colitis; Tumor
necrosis factor-α; NOD2 variants; Toll like receptors;
Dysbiosis; Activity index; LPS-binding protein
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Crohn’s disease (CD) is characterized by an
aberrant activation of the mucosal immune system
in genetically susceptible subjects, who often harbor
variants in genes involved in the innate immunity.
To study the integrity of innate immune response,
the activity of the TLR and NOD2 pathways was
investigated, measuring TNF-α expression in peripheral
blood monocytes. CD monocytes showed a higher
production of TNF-α, which was not clearly related to
disease activity, to NOD2 genotype or to the presence
of translocated bacteria (indirectly measured by serum
LPS-binding protein), indicating that this TNF-α hyperproduction may rely on a NOD2-independent pathway
and is not due to systemic exposure to LPS.
Loganes C, Pin A, Naviglio S, Girardelli M, Bianco AM,
Martelossi S, Tommasini A, Piscianz E. Altered pattern of
tumor necrosis factor-alpha production in peripheral blood
monocytes from Crohn’s disease. World J Gastroenterol 2016;
22(41): 9117-9126 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i41/9117.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i41.9117

INTRODUCTION
Inflammatory bowel diseases (IBD) are complex
inflammatory conditions that include different chronic
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[12-14]

first gene associated with IBD
, may contribute
to increasing the risk of disease by interfering with
the response of monocytes to bacterial compounds.
NOD2 is a cytoplasmic receptor that specifically
recognizes muramyl dipeptide (MDP) present on the
bacterial wall. It is involved in the regulation of acute
inflammation, secreting pro-inflammatory cytokines
[15]
such as TNF-α . However, despite the huge amount
of researches on this topic, it is still not clear how
CD-associated NOD2 variants may contribute to
the pathogenesis of the disease. On the one hand,
dysfunctional pathogen associated molecular patterns
(PAMPs) sensing in CD, involving NOD2 and other
TLR pathways, could lead to altered shaping of gut
[16-18]
microbial species, or dysbiosis
. On the other hand,
NOD2 deficiency could lead to impaired autophagy
and inflammation, with excessive response to TLR
[19]
stimulation .
All this considered, a first aim of this study was to
evaluate NOD2 and TLR signaling pathway integrity
in CD. Immune activation was evaluated in terms of
production of TNF-α by peripheral monocytes, since
the NOD2 pathway is particularly important in these
cells. Moreover peripheral blood monocytes are good
representatives of the innate immune system and can
easily be obtained from patients during blood sampling
performed for clinical purposes.
CD monocytes were activated with different purified
microbial compounds [MDP-L18 (NOD2 ligand), LPS
(TLR4 ligand), Pam3CSK4 (TLR2/1 ligand), Poly I:C (TLR3
ligand)]. Production of TNF-α was then evaluated by
flow cytometry in comparison with samples from UC
and healthy donors. Intracellular production of TNF-α
was correlated with the activity state of the disease,
with the genotype of the patients and with the levels of
plasmatic LBP and sCD14.
As expected, CD patients displayed higher monocyte
TNF-α production in basal condition and after stimulation
of NOD2 and TLR2/1. Conversely, stimulation of
TLR3 and TLR4 induced similar TNF-α production
among CD, UC and healthy donors, suggesting that
in CD, monocytes might be primed by mycobacterial
components that can induce reduced tolerance to
PAMPs. Neither the variants in NOD2 susceptibility gene
nor the state of activity of the disease (PCDAI score)
correlated with intracellular TNF-α. Moreover, the levels
of plasmatic LPB, which have been shown to correlate
positively with the activity of the disease, did not exhibit
a clear correlation with monocyte activation.

of the Institute for Maternal and Child Health IRCCS
“Burlo Garofolo”, Trieste, Italy. The IBD patients were
classified according to the disease activity evaluated
by physician global assessment (based on PCDAI and
PUCAI scores).
The present study was approved by the Institutional
Review Board of the Institute for Maternal and Child
Health “Burlo Garofolo” (RC 03/2009).

Intracellular cytokine staining

This cytometric technique allows for the detection
of intracellular TNF-α in monocytes stimulated
with synthetic microbial stimuli, to investigate the
functionality of the innate immune pathway. The
[20]
protocol was adapted from Takada et al .
Briefly, Peripheral Blood Mononuclear Cells (PBMCs)
were isolated from whole heparinized blood by cen
trifugation on Ficoll separating solution (Lympholite,
Cederlane, Burlington, NC, United States) at 500 ×
5
g for 30 min at room temperature. 2 × 10 PBMCs
were resuspended in 200 µL of culture medium (RPMI,
EuroClone, Milano, Italy) supplemented with 10%
human AB serum (Sigma Aldrich, Milano, Italy), 2
mmol/L L-glutamine (EuroClone), 100 U/mL penicillin
(EuroClone) and 0.1 mg/mL streptomycin (EuroClone)
and stimulated with TLR and NOD2 ligands: 100 ng/ml
Lipopolysaccharide (LPS; TLR4 ligand, Sigma Aldrich),
10 µg/mL Polyinosinic-polycytidylic acid sodium salt
(PolyI:C; TLR3 ligand, Sigma Aldrich), 500 ng/mL L-18
Muramyl DiPeptide (MDP-L18; NOD2 ligand, InvivoGen,
San Diego, CA, United States), 500 ng/mL Pam3CSK4
(TLR2/1 ligand, InvivoGen) for an initial period of 30
min at 37 ℃, in a CO2 incubator. Subsequently, 10 µg/
mL of Brefeldin A (BFA, Sigma Aldrich) were added to
inhibit the secretion of newly synthesized cytokines and
cells were incubated for additional 3.5 h. BFA, without
any stimulus, was added to the unstimulated control
tube. After incubation, FITC conjugated anti-CD14
antibody (eBiosciences, San Diego, CA, United States)
was added for surface staining to identify monocytes,
followed by a fixation step with FACS Lysing Solution
(BD Biosciences, San Jose, CA, United States).
After centrifugation at 300 × g for 8 min, cells were
permeabilized using FACS Permeabilizing Solution 2 (BD
Biosciences). PBMCs were washed with Wash Buffer
(PBS + 1% BSA + 0.1% NaN3), and anti-TNF-α PE
antibody (BD Biosciences) was added to perform the
intracellular staining. A fluorescent-conjugated isotype
control antibody was used to detect non-specific
bindings (PE IgG Isotype control, BD Biosciences).
Finally, after an additional wash, the cells were fixed
with PBS + 1% paraformaldehyde for analysis on a
flow cytometer. Data were acquired on a CyAn ADP
flow cytometer (Beckman Coulter, Fort Collins, CO,
United States) and analyzed using FlowJo software v
7.6 (TreeStar, Ashland, OR, United States). Results are
expressed as percent of TNF-α positive monocytes,
after gating on CD14 positive cells.

MATERIALS AND METHODS
Patient recruitment

Monocytes were obtained from heparinized blood of 38
CD patients, 31 UC patients (diseased controls) and 50
healthy donors (HD; negative controls) subsequent to
receiving written consent. All subjects were recruited
from the Gastroenterology and Clinical Nutrition Unit
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Corporation, Madison, United States). The concentration
of each sample was calculated from the standard curve,
obtained by plotting absorbance vs known standard
concentrations.

Table 1 Characteristics of Inflammatory bowel diseases patients
included in the study
Patients
(n = 69)
CD (n = 38)
UC (n = 31)

Age (yr)

Male/female

Active/remission

25/13
15/16

18/20
19/12

(mean ± SD)
13 ± 4.47
13 ± 5.13

Statistical analysis

All statistical analyses were performed using GraphPad
Prism software version 5 (GraphPad, SanDiego, United
States).
Data on intracellular TNF-α production are ex
pressed as mean ± standard error of mean (SEM),
while values of plasmatic proteins are described as
medians and interquartile ranges and are represented
with box plots using Tukey’s whiskers.
Statistical significance was assessed by one-way
analysis of variance (ANOVA) with Kruskal-Wallis nona
b
parametric test and denoted by letters ( P < 0.05, P <
c
0.01, P < 0.001).

CD: Crohn’s disease; UC: Ulcerative colitis.

NOD2 variant analysis

CD patients were screened using targeted gene
sequencing to identify the three principal variants
in NOD2 susceptibility gene [c.2104C>T;p.R702W
(rs2066844), c.2722G>C;p.G908R (rs2066845) and
c.3016_3017insC; p.L1007Pfs*2 (rs2066847)].
DNA samples were collected from patients suffering
from CD (n = 36). Genomic DNA of each patient was
extracted from 1-2 ml EDTA-anticoagulated blood using
the EZ1 DNA Blood Kit (QIAGEN, Valencia, CA, United
States) according to the manufacturer’s instructions.
To analyze the three IBD associated variants in the
NOD2 gene (NM_022162), Polymerase chain reaction
(PCR) amplification was performed using the KAPA
2G Fast Hot Start Readymix (RESNOVA, Rome, Italy).
Purified PCR products were directly sequenced in both
directions using the amplification primers by the ABI
PRISM 3130XL automated DNA Sequencer (Applied
Biosystems, United States). Sequences were analyzed
using Seqman II Software (DNASTAR I Lasergene
7.0, Madison, WI, United States). Primers, used for
PCR and sequencing were designed using Primer
Blast, based on the relative sequence deposited in
GeneBank. The specific primers for each variant are
listed below:

RESULTS
The clinical characteristics of all the patients included in
the study are presented in Supplementary Table 1 and
summarized in Table 1.

Monocyte intracellular TNF-α expression

To study the production of TNF-α by monocytes, cells
were isolated from peripheral blood of patients with
CD and UC and of healthy donors (HD). Monocytes
were stimulated with TLR and NOD2 purified stimuli:
LPS (TLR4 ligand), Pam3CSK4 (TLR2/1 ligand), Poly I:
C (TLR3 ligand) and MDP-L18 (NOD2 ligand). TNF-α
expression in monocytes was analyzed by flow
cytometry after gating on CD14 positive cells.
Both CD and UC showed increased basal expression
of TNF-α (unstimulated) compared to healthy donors
(HD 4.3 ± 0.4; CD 14.5 ± 2.5, P < 0.01; UC 10.7 ± 1.9,
P < 0.05) (Figure 1A).
After stimulation with Pam3CSK4 (TLR2/1 ligand), a
higher percentage of activated monocytes producing
TNF-α was recorded in CD compared with HD (CD vs
HD: 68.4 ± 2.7 vs 55.6 ± 2.1, P < 0.01) (Figure 1B),
while stimulation with MDP-L18 (NOD2 ligand) induced
a significant higher production of TNF-α in CD compared
to both HD and UC (CD 44.2 ± 3.0; UC 30.2 ± 3.0, P <
0.01; HD 24.9 ± 1.4, P < 0.001) (Figure 1C).
Stimulation with LPS (TLR4 ligand) or Poly I:C (TLR3
ligand) did not lead to significant differences among the
three groups (respectively Figure 1D and Figure 1E).

R702W_For 5’-CTTCAACCTTCTGCAGGGC-3’
R702W_Rev 5’- GGTGGCAGAGGCGAAGCT-3’
R702W_sequencing_For 5’-TGCTGATGTGCCACCAG-3’
G908R_For 5’-CTGCCCCTCTGGCTGGGACT-3’
G908R_Rev 5’-CCCAGCTCCTCCCTCTTC-3’
L1007Pfs*2_For 5’-GTAGACTGGCTAACTCCTGC-3’
L1007Pfs*2_Rev 5’-AGGAGGGCGGGAGCTGACTT-3

LPS-Binding Protein and soluble CD14 quantification

Samples were collected from patients suffering
from CD (n = 27), UC (n = 22) and from healthy
individuals (n = 36). Plasma samples were obtained by
centrifuging heparinized blood at 1300 × g for 10 min
and were stored at -80 ℃ until LBP and sCD14 levels
were measured.
Quantifications were performed using the LPSbinding Protein (Human) ELISA kit (Abnova, Taipei
City, Taiwan) and the human CD14 ELISA kit
(RayBio, Norcross GA, United States), following the
manufacturer’s instructions.
Absorptions were measured at 450 nm with a
®
GloMax -Multi+ Microplate Multimode Reader (Promega

WJG|www.wjgnet.com

TNF-α expression and NOD2 genotype

A genetic survey was carried out on 36 available
patients with CD (out of 38). PCR and DNA sequencing
analyses revealed that 13 patients were homozygous
or heterozygous for one or more of the three CDassociated genetic variants in NOD2 (Table 2). The
remaining 23 patients were found to be wild type for
the three polymorphisms (Supplementary Table 1).
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Figure 1 Intracellular tumor necrosis factor-alpha expression in peripheral monocytes. Intracellular TNF-α expression in peripheral monocytes derived from
patients affected by Crohn’s disease (CD), ulcerative colitis (UC) and healthy donors (HD), in basal condition (A), or after stimulation with Pam3CSK4 (B), MDP-L18 (C),
LPS (D) or Poly I:C (E). Data are presented as mean ± SEM. Statistical significance is denoted by letters (aP < 0.05, bP < 0.01, cP < 0.001 vs HD).
2

UC (R = 0.01) subjects (Figure 3).

After grouping CD patients based on NOD2 geno
type, no significant differences in TNF-α positive mono
cytes were detected between patients with wild type
or mutated genotype (CD WT: 14.87 ± 3.1 vs CD Mut
13.82 ± 4.5) (Figure 2). Data regarding the single
NOD2 variants are shown in Supplementary Figure 1.

TNF-α expression and LBP and sCD14 levels

Plasmatic levels of LBP and sCD14 were measured to
verify if the basal inflammatory state in CD patients
could be due to exposition of monocytes to microbial
components in peripheral blood.
Levels of LBP were higher in plasma from patients with
CD compared to HD [(median CD 19.11 (16.35-21.89),
HD 15.01 (11.85-18.84), P < 0.05)] (Figure 4A) and this
condition was noticed also when patients were grouped
by disease activity [(median activeCD: 20.44 (16.8126.31) vs HD: 15.01 (11.85-18.84); P < 0.05)] (Figure
4B); furthermore a significant difference was also found

TNF-α expression and disease activity index

Intracellular production of TNF-α by monocytes from
CD and UC patients was correlated to the disease
activity score, expressed as PCDAI (Pediatric Crohn’s
Disease Activity Index) or PUCAI (Pediatric Ulcerative
Colitis Activity Index). No correlation between the two
2
parameters was found, either in CD (R = 0.004) or in
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Table 2 NOD2 genotype analysis in Crohn’s disease patients

80

NOD2 genotypes

CD patient

60
40

3
4
7
14
18
24
25
44
45
47
53
54
63

+

TNFa monocytes (%)

100

20
0

WT

Mut

Figure 2 Intracellular tumor necrosis factor-alpha expression in wild
type or mutation-carrier patients. Intracellular TNF-α expression in basal
conditions measured in peripheral monocytes derived from patients affected by
Crohn’s disease (CD), grouped into Wild Type (WT) or mutation carriers (Mut)
for the three NOD2 polymorphisms (R702W, G908R and L1007Pfs*2). Data are
presented as mean ± SEM. No statistical significances was found.

Ex. 8
G>C
G908R

Ex. 11
InsC
L1007Pfs*2

C/C
T/T
C/T
C/C
C/C
C/T
C/C
C/C
C/C
C/C
C/C
C/C
C/C

G/G
G/G
G/G
G/C
G/C
G/G
G/C
G/G
G/G
G/C
G/G
G/C
G/G

InsC/-/InsC/-/InsC/-/-/InsC/InsC/InsC/InsC/-/InsC/-

Details of the three NOD2 polymorphisms (R702W, G908R, L1007Pfs*2)
that were found in heterozygous or in homozygous form in 13 of the CD
patients. The 23 patients who were found to be wild type are not listed in
the table.

CD
2

R = 0.004

60

Ex. 4
C>T
R702W

2

the disease activity index, especially for CD (R = 0.40,
P < 0.001) (Figure 4C and D). However, there was no
correlation between monocyte TNF-α expression in
basal condition and plasmatic levels of LBP in any of
2
2
the analyzed groups (CD: R = 0.04, UC: R = 0.0004,
2
HD: R = 0.005) (Figure 5).
The quantification of sCD14 was not significantly
different among the three groups and did not correlate
with the degree of monocyte activation in CD (data not
shown).

PCDAI

40

20

0

0

20

40
+
TNFa monocytes (%)

60

80

UC
2

R = 0.01

60

DISCUSSION
The activation of the innate immune system is thought
to play a pivotal role in the pathogenesis of CD. Most
genetic variants associated with the disease involve
genes that are expressed in monocytes and that
contribute to functional innate response to microbes.
For example, NOD2 and ATG16L1 are involved in
the response to molecular patterns associated with
pathogens (PAMPs) and in autophagy, a process
that can amplify the inflammatory response to
phagocytized materials. Notably, there is a number of
genes and processes involved in phagocytic function
and innate immunity that have been shown to be
responsible for rare monogenic forms of Crohn’s-like
intestinal inflammation. For instance, early onset CDlike inflammatory bowel disease has been described
in neutropenias and in functional deficiencies of
phagocytes, such as chronic granulomatous disease
and leukocyte adhesion deficiency, as well as in defects
of other genes interacting with the NOD2 pathway of
[8,21]
response to PAMPs, such as XIAP
. These findings
have raised the question of whether CD should be
considered more like an immunodeficiency than an
[22-24]
autoinflammatory condition
.

PUCAI

40

20

0

0

20

40
+
TNFa monocytes (%)

60

80

Figure 3 Correlation of disease activity index with monocyte expression
of tumor necrosis factor-alpha in inflammatory bowel disease patients.
Correlation of activity index, expressed by PCDAI (Pediatric Crohn’s disease
Activity Index) or PUCAI (Pediatric Ulcerative Colitis Activity Index) with
monocyte expression of TNF-α in patients suffering from Crohn’s disease (CD)
and ulcerative colitis (UC). The squared Pearson correlation coefficients (R2)
are shown.

between UC in active or remissive phase [(median UC:
20.74 (14.55- 21.57) vs rUC: 12.35 (8.35-13.5); P <
0.05)] (Figure 4B).
LBP values displayed a significant correlation with
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Figure 4 Dosage of LPS-binding protein and correlation with disease activity index. A, B: Quantification of plasmatic LPS-Binding Protein (LBP) from patients
affected by active Crohn’s disease (CD), remissive Crohn’s disease (rCD), active Ulcerative Colitis (UC), remissive Ulcerative Colitis (rUC) and healthy donors (HD).
Data are represented with box plots using Tukey’s whiskers. Statistical significance is denoted by letters (aP < 0.05); C, D: Correlation between activity Index, expressed
by PCDAI (Pediatric Crohn’s Disease Activity Index) or PUCAI (Pediatric Ulcerative Colitis Activity Index) with plasmatic level of LBP in patients with Crohn’s disease (CD)
(C, R2 = 0.40) or Ulcerative Colitis (UC) (D, R2 = 0.25). The squared Pearson correlation coefficients (R2) and the P value are shown.
[34]

For this reason, several studies have investigated
the function of peripheral blood monocytes, an easily
available sample cell that can be, at least in part,
representative of the innate immune profile of CD.
The observation of impaired monocyte/macrophage
[25]
function against yeast particles dates back decades .
However, it is still not clear whether these defects are
a cause or a consequence of CD inflammation. For
example, it has been hypothesized that CD-associated
monocytes may display hyporesponsiveness because
[26]
of massive mucosal stimulation . Indeed, we and
other groups have demonstrated that peripheral blood
monocytes from CD show an increased expression
[27-29]
of activation markers
, whilst ex-vivo maturation
[30]
of dendritic cells may be somehow impaired .
Overall, these results have highlighted the paradox
[31]
of defective and excessive immunities in CD : CD
monocytes display increased activation and production
of inflammatory cytokines, but they may present
functional defects in terms of capacity to mature
[32]
effectively and to clear bacteria efficiently . Indeed,
the depletion of monocytes could improve the response
[33]
to anti-inflammatory treatments in CD . Thus, the
contribution of monocytes to the pathogenesis of CD
seems to be quite complex, involving hyper-activation
and defective functionality at the same time.

WJG|www.wjgnet.com

Beynon et al
demonstrated that in spite of
increased basal activation, CD-associated monocytes
display reduced response to MDP stimulation, in a
manner that greatly depends on NOD2 genotype. The
effect of NOD2 variants on the activation of monocytes
has been confirmed by other studies showing that
homozygous mutations can almost abrogate TNF-α
[35]
production after MDP stimulation . However, NOD2
defects can also impair MDP-induced tolerance,
resulting in sustained monocyte activation and TNF-α
[36]
production .
The aim of our research was the analysis of the
integrity of the different pathways of the innate immune
network. By means of a cytometric protocol, adapted
from a clinically oriented technique already used for
[20]
the screening of some primary immunodeficiency ,
we analysed the production of TNF-α triggered in
monocytes by different stimuli, to depict possible
alterations in different pathways of innate immunity to
PAMPs.
We demonstrated that peripheral monocytes from
CD show significant basal production of TNF-α and that
this is not clearly related to either the disease activity
or the NOD2 genotype, supporting the idea that,
in these cases, hyper-production of TNF-α relies on
NOD2-independent pathways. Indeed, stimulation with
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Thus, the activation of monocytes resulting from
the mucosal immunopathology of CD could play
a greater role in inducing TNF-α than the NOD2
genotype, not only in the intestinal mucosa but also
in peripheral blood. A possible hypothesis is that
excessive activation of monocytes occurs in response
to bacterial translocation across the epithelium and to
minor defects in bacterial clearance or in MDP-induced
tolerance. Notably, the paradoxical efficacy of GMCSF in some cases of CD may be due to the correction
of such defects in epithelial monocytes, for example
[37]
by rescuing their epithelial repair function . Another
critical function for mucosal monocytes may concern
the induction of antimicrobial peptide production
[38]
by Paneth cells ; indeed, a defective production
of defensins after bacterial translocation may result
in altered shaping of gut microbiota, leading to
inflammatory amplification in a vicious circle.
We investigated whether increased activation of
peripheral monocytes correlated with plasma levels
of LPS-binding protein (LBP). We showed that plasma
concentrations of LBP correlate positively with disease
activity, both in CD and in UC, in agreement with
[11]
previous studies . However, there was no significant
correlation between LBP levels and activation of
peripheral monocytes, suggesting that monocytes are
not activated by systemic exposure to LPS. We cannot,
however, rule out the existence of other bacterial
molecular patterns.
An added value of our research is that we studied
monocyte function after stimulation of different TLR
pathways. Several studies have already reported
that altered patterns of TLR expression can be dif
[39]
ferentially found in CD, rather than in UC , even
though no definitive association between the pathway
dysregulations and the disease phenotypes has been
ever identified. We interestingly found that peripheral
blood monocytes from CD patients displayed increased
response to Pam3CSK4, which is a mycobacteriallike ligand for TLR2/1. The increased response to
Pam3CSK4 was quite specific to CD monocytes and
was not found in UC. Thus, it is unlikely that the
hyper-response to TLR2/1 signaling depended on
monocyte activation alone. A possible explanation
is that peripheral monocytes from patients with CD
are primed by mycobacterial components released
in the intestinal mucosa, maybe as a result of
colonization with bacteria such as mycobacterium
avium paratuberculosis (MAP). The presence of MAP
in CD intestinal mucosa and bloodstream has been
proved by several works and accomplished by different
techniques; it has been repetitively associated with
the pathogenesis of CD but its role in the etiology
[40]
remains to be defined . Our results should prompt
further investigation on the immune response to MAP
in healthy population and in CD.
In conclusion, we showed that peripheral mono
cytes from patients with CD have higher basal
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Figure 5 Correlation of monocyte tumor necrosis factor-alpha expression
and LPS-binding protein levels in inflammatory bowel disease patients.
Correlation between monocyte expression of tumor necrosis factor-alpha
(TNF-α) and plasmatic level of LBP in patients affected by Crohn’s disease (CD)
or ulcerative colitis (UC) and in healthy subjects (HD). The squared Pearson
correlation coefficients (R2) are shown. No statistical significances were found.

MDP or with Pam3CSK4 led to higher TNF-α production
in CD patients than in controls. The stronger response
in CD after the stimulation with the NOD2 ligand
did not find a clear explanation, but it highlights the
importance of NOD2 signalling in CD and not in UC.
This result is coherent with the knowledge that NOD2
is the main genetic factor associated with CD, even
though the mechanisms underlying the pathogenesis
of the disease remain controversial.
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production of TNF-α than controls, regardless of NOD2
genotype and without a clear correlation with disease
activity. Moreover, peripheral monocyte activation does
not seem to be due to plasma exposition to LPS. There
is also an increased response of monocytes to MDP or
Pam3CSK4 stimulation, which could reflect a reduced
tolerance to bacterial PAMPs. Based on these data, it is
worth investigating the possible priming of monocytes
by mycobacterial colonization, for example with MAP.
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Background

Crohn’s disease (CD) is characterized by an aberrant activation of the mucosal
immune system in genetically susceptible subjects, due to an altered crosstalk
between innate immune system and environmental factors, with particular
reference to gut microbiota.

8

Research frontiers

CD could be considered as a paradoxical condition in which defective immune
functions coexist with excessive inflammation. Indeed, peripheral blood
monocytes from CD patients display increased activation and production of proinflammatory tumor necrosis factor-alpha (TNF-α), but they seem to present
functional defects in their capacity to respond to muramyl dipeptide (MDP) and
to bacteria. Several studies have investigated the function of peripheral blood
monocytes as representative cells of the innate immune profile of CD.

9

Innovations and breakthroughs

11

10

The analysis of intracellular TNF-α allowed the evaluation of the integrity and
functionality of NOD2 and TLR signaling pathways in peripheral monocytes.
Unexpectedly, CD monocytes showed increased basal and MDP induced
TNF-α production, irrespective of NOD2 genotype and disease activity.
12

Applications

Hyper-production of TNF-α by CD monocytes probably relies on a NOD2indipendent pathway and is not due to systemic exposure to LPS, but to
other bacterial molecular patterns. The fact that CD monocytes display higher
production of TNF-α compared to controls, both in basal and in stimulated
conditions, may be due to reduced tolerance to bacterial PAMPs. The finding
of increased response to TLR2/1 stimulation may indicate a possible priming of
monocytes by mycobacterial colonization, for example by MAP.
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Peer-review

14

The manuscript described that peripheral monocytes from CD express higher
basal and stimulated TNF-α than controls, regardless of NOD2 genotype and
without a clear correlation with disease activity. In general, the results are very
interesting.
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Abstract
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AIM
To cure typically life-threatening esophagogastric
anastomosis in rats, lacking anastomosis healing and
sphincter function rescue, in particular.

Institutional review board statement: The study was reviewed
and approved by the Department of Veterinary, Ministry of
Agriculture, Republic of Croatia, No: UP/I 322-01/07-01/210.

METHODS
Because we assume esophagogastric fistulas represent
a particular NO-system disability, we attempt to
identify the benefits of anti-ulcer stable gastric
pentadecapeptide BPC 157, which was in trials for
ulcerative colitis and currently for multiple sclerosis,
in rats with esophagocutaneous fistulas. Previously,
BPC 157 therapies have promoted the healing of
intestinal anastomosis and fistulas, and esophagitis and
gastric lesions, along with rescued sphincter function.
Additionally, BPC 157 particularly interacts with the NOsystem. In the 4 d after esophagogastric anastomosis
creation, rats received medication (/kg intraperitoneally
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once daily: BPC 157 (10 µg, 10 ng), L-NAME (5 mg), or
L-arginine (100 mg) alone and/or combined or BPC 157
(10 µg, 10 ng) in drinking water). For rats underwent
esophagogastric anastomosis, daily assessment
included progressive stomach damage (sum of the
longest diameters, mm), esophagitis (scored 0-5), weak
anastomosis (mL H2O before leak), low pressure in
esophagus at anastomosis and in the pyloric sphincter
(cm H2O), progressive weight loss (g) and mortality.
Immediate effect assessed blood vessels disappearance
(scored 0-5) at the stomach surface immediately after
anastomosis creation.

esophageal and gastric lesions are attenuated) or they
counteract each other (L-NAME + L-arginine), an effect
which is further reversed toward a marked beneficial
effect with the addition of BPC 157 (L-NAME + L-arginine
+ BPC 157).
Djakovic Z, Djakovic I, Cesarec V, Madzarac G, Becejac T,
Zukanovic G, Drmic D, Batelja L, Zenko Sever A, Kolenc D,
Pajtak A, Knez N, Japjec M, Luetic K, Stancic-Rokotov D,
Seiwerth S, Sikiric P. Esophagogastric anastomosis in rats:
Improved healing by BPC 157 and L-arginine, aggravated by
L-NAME. World J Gastroenterol 2016; 22(41): 9127-9140
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9127.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9127

RESULTS
BPC 157 (all regimens) fully counteracted the perilous
disease course from the very beginning (i.e. , with
the BPC 157 bath, blood vessels remained present
at the gastric surface after anastomosis creation)
and eliminated mortality. Additionally, BPC 157 treat
ment in combination with L-NAME nullified any effect
of L-NAME that otherwise intensified the regular
course. Consistently, with worsening (with L-NAME
administration) and amelioration (with L-arginine),
either L-arginine amelioration prevails (attenuated
esophageal and gastric lesions) or they counteract
each other (L-NAME + L-arginine); with the addition
of BPC 157 (L-NAME + L-arginine + BPC 157), there
was a marked beneficial effect. BPC 157 treatment for
esophagogastric anastomosis, along with NOS-blocker
L-NAME and/or NOS substrate L-arginine, demonstrated
an innate NO-system disability (as observed with
L-arginine effectiveness). BPC 157 distinctively affected
corresponding events: worsening (obtained with
L-NAME administration that was counteracted); or
amelioration (L-arginine + BPC 157-rats correspond to
BPC 157-rats).

INTRODUCTION
We acknowledged curative treatment of esophagogastric
anastomosis in rats with stable gastric pentadecapeptide
BPC 157 (an anti-ulcer peptide stable in human gastric
juice), as a novel mediator of Robert’s cytoprotection
that was effective in the entire gastrointestinal tract,
which was originally tested in clinical trials for ulcerative
[1-7]
colitis and multiple sclerosis . Additionally, BPC 157
treatment of esophagogastric anastomosis along
with a NO-synthase (NOS) blocker, L-NAME, and/or
NOS substrate L-arginine would evidence an innate
NO-system disability, and investigate the effect on
the corresponding worsening (obtained with L-NAME
administration) or amelioration (due to L-arginine).
In general, in the curative treatment of esophageal
cancer, the most feared complication is the highest rate
[8]
of anastomotic leakage compared with anastomoses
[9]
involving other parts of the gastrointestinal tract .
Likely, BPC 157 exhibits some favorable effects
for esophagogastric anastomosis healing. Together,
[10-14]
[15-20]
intestinal anastomosis
and fistulas
healing,
esophagitis and gastric lesion healing, alongside with
[10,11,17,18,20-25]
rescued sphincter function
could certainly
improve the possible curative peptides therapy for
rat esophagogastric anastomosis. Until now, only to
improve anastomosis healing, tested were keratinocyte
growth factor-2 (KGF-2) (shown to be ineffective given
[26]
intraperitoneally)
(regardless to therapeutic efficacy
of a mutant of KGF-2 on trinitrobenzene sulfonic acid[27]
induced rat model of Crohn’s disease ) and FGF-beta
[28]
(effective given topically ).
Additionally, unlike other anastomoses, the esopha
gogastric anastomosis should not only resist leakage, it
should maintain some “sphincter” function at the anas
tomosis site, a point that thus far been unappreciated for
[26,28]
standard peptide growth factors
. As a result, these
[26,28]
standard peptide growth factors
only support
the particular perilous course of the esophagogastric
[29,30]
anastomosis and show little improvement in rats
.
On the other hand, these combined BPC 157 effects

CONCLUSION
Innate NO-system disability for esophagogastric
anastomoses, including L-NAME-worsening, suggests
that these effects could be corrected by L-arginine and
almost completely eliminated by BPC 157 therapy.
Key words: Esophagogastric anastomosis; L-NAME;
Aggravation; BPC 157; L-arginine; Curative treatment;
Rats
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In rats underwent esophagogastric anas
tomosis, BPC 157 (given intraperitoneally or in drinking
water) fully counteracted an otherwise serious disease
course since very beginning (i.e. , with BPC 157 bath
blood vessels remained present at the gastric surface
after anastomosis creation) and eliminated mortality.
Additionally, BPC 157 treatment, along with L-NAME,
nullified any effect of L-NAME that otherwise intensi
fied the regular course. Consistently, with worsening
(with L-NAME administration) and amelioration (with
L-arginine), either L-arginine-amelioration prevails (i.e. ,
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may be more useful for both anastomosis healing and
[10-14,17,18,20-25]
sphincter function rescue
. As a result,
the esophagogastric anastomosis healing should both
resist leakage and maintain some “sphincter” function
at the anastomosis site. These effects may be the
maintained esophageal and stomach integrity, and they
counteracted the development of both esophagitis and
gastric lesions.
Another point may be the perilous effect of ische
[31-33]
mia
. To accelerate anastomosis healing, several
studies implicate the positive effect of the induced
angiogenesis that follows partial devascularization of
the stomach after a certain period (i.e., two-week
[34-37]
period)
. As a very active cytoprotective agent,
[6]
BPC 157 , confronted with an injurious course, rapidly
[38]
induces strong endothelium protection
as with
[39]
standard cytoprotective agents , but it has a more
[40]
prominent angiogenic effect
that may significantly
contribute to healing in esophagogastric anastomosis.
Finally, with BPC 157 designated as a “wound healing
[1-7]
therapy” , these were attributed to the stimulation
of the early growth response-1 (EGR1) gene and its
co-repressor nerve growth factor 1-A binding protein-2
(NAB2), which affected cytokine and growth factor
generation and, thereby, early extracellular matrix
[41]
(collagen) and blood vessel formation . As a result,
a particular feedback-process for the simultaneous
healing of different tissues was suggested, leading to
both internal and external wound healing, anastomosis
[1-7]
and fistulas . Others correlated the BPC 157 beneficial
effects with the activation of a cellular FAK-paxillin
signaling pathway and, subsequently, demonstrated
that BPC 157 dose- and time-dependently increased
the expression of growth hormone receptor, Janus
kinase 2, which belongs to the downstream signal
pathway of growth hormone receptor and may interact
[42-44]
with other molecular pathways
.
Additionally, BPC 157, based on the beneficial
[1,5,7,17,18,19,45-51]
activities noted
, would have particular
[1-7]
effects on the NO-system (for review ), as observed
[1,5,7,17,18,19,45-51]
in different models and species
, but
it has not previously been tested in anastomosis
healing. Likewise, the NO-system plays a particular
[1]
role in the gastrointestinal lesion healing . It has been
[1]
more frequently investigated in gastric lesions than
[18,52]
in esophagitis lesions
; despite inconsistencies,
L-arginine has a beneficial effect, while L-NAME has
[1]
an ulcerogenic effect , and they have not been inves
tigated in esophagogastric anastomosis.
For practical purposes, the stable gastric pentade
capeptide BPC 157, was given daily, intraperitoneally or
orally, in drinking water, using the previous efficacious
[7,15-25]
regimens
. In addition to these effects, the possible
simultaneous healing (stable gastric pentadecapeptide
BPC 157, along with both NOS-blockade, L-NAME,
[1]
and NOS-substrate L-arginine application ) would
define the esophagogastric anastomosis healing,
define esophagitis and gastric defects healing, rescue

WJG|www.wjgnet.com

“sphincter” pressure at the site of anastomosis and
preserve pyloric sphincter pressure, as a new NOsystem related phenomenon.

MATERIALS AND METHODS
Animals

Wistar Albino male rats (200 g b.w.) were randomly
assigned to the experiments (at least 10 animals per
experimental group). All experiments were approved
by the Local Ethics Committee. Furthermore, all
experiments were performed under a blind protocol,
and the effect was assessed by examiners who were
blinded to the given protocol.

Drugs

Pentadecapeptide BPC 157 (GEPPPGKPADDAGLV,
M.W. 1419), (Diagen, Ljubljana, Slovenia) dissolved
in saline, was used in all experiments. BPC 157, a
peptide, is part of the sequence of human gastric juice
protein BPC, and it is freely soluble in water at pH 7.0
and saline. The peptide was prepared, as described
[15-25]
previously
, with 99% high pressure liquid chro
matography (HPLC) purity, expressing 1-des-Gly
peptide as an impurity. L-NAME (Sigma, United States)
and L-arginine (Sigma, United States) were used
[1,5,7,17-19,45-51]
accordingly
.

Surgical procedure

In deeply anaesthetized rats, an esophagogastric
anastomosis (PDS 6.0 suture, Johnson & Johnson,
USA) was created at the apical part of the forestomach
and distal part of the cut and transferred esophagus.

Experimental protocol

BPC 157 was given perorally, in drinking water (10
μg/kg, 10 ng/kg, 0.16 μg/mL, 0.16 ng/mL, and 12
mL/rat per day) until sacrifice, or it was administered
intraperitoneally (10 μg/kg and 10 ng/kg) with the first
application at 30 min after surgery, once daily, and the
last at 24 h before sacrifice.
Combination studies: L-NAME (5 mg/kg intraperito
neally) and/or L-arginine (100 mg/kg intraperitoneally)
were given alone or together with the first application
at 30 min after surgery, once daily, and the last at 24
h before sacrifice. BPC 157 (10 μg/kg and 10 ng/kg
intraperitoneally) was given with L-NAME (5 mg/kg
intraperitoneally) and/or L-arginine (100 mg/kg
intraperitoneally). Controls simultaneously received an
equal volume of saline (5.0 mL/kg ip) or water alone.
The full assessment was performed at days 1, 2, 3,
and 4, as follows (due to subsequent mortality).
To demonstrate the direct effect of BPC 157
administration on the blood vessel presentation
immediately after the creation of esophagogastric
anastomosis, a bath containing 2 μg/mL of BPC 157
or a corresponding volume of saline was applied to the
ventral surface of the stomach.

9129

November 7, 2016|Volume 22|Issue 41|

Djakovic Z et al . Esophagogastric anastomosis, L-NAME, L-arginine, BPC 157

Assessment of esophageal and gastric lesions and
anastomosis

present in the whole stomach (score 3); prominent
vessels present in the fore stomach (score 4); and
prominent vessels present in the entire stomach
(score 5). Continuous camera (Veho discovery
VMS-004 deluxe) recordings (5 cm above the
tissue; magnification 30-100 x) were used in deeply
anesthetized rats for the next 15 min.

A precise caliper was used to verify the final size of the
stomach lesions and largest diameter of the gastric
[53-55]
[20-23]
lesions (mm)
. The esophagitis scoring
was
modified to a 0-5 scoring system, normal, glistening
mucosa (score 0); edematous mucosa with focal
hemorrhagic spots (score 1); multiple erosions with
hematins attached (score 2); tiny esophagus with
hemorrhagic and linear yellowish lesions (score 3);
tiny esophagus with coalesced hemorrhagic and
yellowish lesions (score 4); and tiny esophagus with
coalesced hemorrhagic, yellowish lesions and dehiscent
anastomosis (score 5), which was also photographed
and further verified using the program ISSA (VAMSTEC
Software Company, Zagreb, Croatia), as described
[1-7]
previously . The tissue was placed in 10% formalin
and used for histopathological examination, and
[1-7]
processed for further microscopic analysis .
To assess anastomosis leakage, a separate group
of animals received a volume of water intragastrically
[17]
to induce leakage .

Statistical analysis

Statistical analysis was performed by a non-parametric
Kruskal-Wallis ANOVA test and, later, a Mann-Whitney
U-test, to compare groups. The Fisher exact probability
test was used for mortality assessment. Values of P <
0.05 were considered statistically significant.

RESULTS
Esophagogastric anastomosis course

In general, since the beginning, the rats that under
went esophagogastric anastomosis without medication
suffered a very severe course (as assessed until postoperative day 4) that would eventually be lethal
(at post-operative day 5). These rats had relatively
small gastric lesions (Figure 1) compared with severe
esophagitis lesions (Table 1) and poor anastomosis
(constantly small water volume that could be sus
tained before leakage) (Figure 2). Considering the
esophagus at the site of the anastomosis (Figure 3)
and pyloric sphincter (Figure 4), the pyloric pressure
seems to be more affected (constantly low pyloric
sphincter pressure) than the esophageal pressure at
the anastomotic site. The esophageal pressure was
initially considerably lower that the lower esophageal
pressure in normal rats; however, on the fourth day,
the esophageal pressure approached to that values.
These changes, however, shortly preceded the lethal
outcome on post-operative day 5. Meanwhile, these
rats suffered considerable weight loss.

Pressure in the esophagus at the site of anastomosis
assessment and pyloric sphincter pressure assessment
[17,18,20-23]

As described previously
, manometrical
evaluation (cm H2O) was performed in all rats, with
a water manometer connected to the drainage port
of the Foley catheter, as previously described (values
of 68-76 cm H2O for the lower esophageal sphincter,
and 68-74 cm H2O for the pyloric sphincter, were
[17,18,20-23]
considered normal)
. The proximal side of the
esophageal incision, or distal side of the duodenal
[17,18,20-23]
incision, was ligated to prevent regurgitation
.

Weight assessment

[13,18]

As described in prior works
, animals were weighed
before surgery, once daily thereafter, and before
sacrifice. Weight loss (g) was presented as the Δ
[13,18]
between the initial and final weight
.

BPC 157 therapy: On the other hand, the effect of
BPC 157 (both μg- and ng regimens, intraperitoneal
and drinking water applications) seems to be important
considering the severe and perilous course without it,
after rats underwent esophagogastric anastomosis.
Gastric lesions (Figure 1) and esophagitis lesions
(Table 1) were attenuated, and anastomoses were
strengthened (water volume before anastomosis
leakage was more than two times that in the controls)
(Figure 2); the pressure in the esophagus at the site
of the anastomosis (Figure 3) and pyloric sphincter
(Figure 4) markedly increased. Lethal outcomes were
completely avoided (Fisher exact probability test vs
control P < 0.05). Weight loss was attenuated (Figure 5).

Mortality

In separate group of animals, mortality was assessed daily
[13,18]
until post-operative day 7, as described previously
.

Very early effects: disappearance of blood vessels at the
stomach surface in rats that underwent esophagogastric
anastomosis

For disappearance and presentation of blood vessels
at the stomach surface in rats that underwent eso
phagogastric anastomosis, we described blood vessel
presentation at the ventral stomach surface (scored
0-5) throughout stomach distension and/or alcohol
[53]
instillation into the stomach , as follows: presentation
completely reduced, only the main tree of the left
gastric artery present (score 0); thin vessels present in
the fore stomach only (score 1); thin vessels present
in the entire stomach (score 2); moderate vessels

WJG|www.wjgnet.com

L-arginine therapy: Rats that underwent esopha
gogastric lesions and were treated with L-arginine had
an attenuated course. Gastric (Figure 1) and esophagitis
lesions (Table 1) were attenuated and anastomosis was
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Figure 1 Gastric lesions, sum of the longest lesions diameters, mean ± SD, mm, in rats that underwent esophagogastric anastomosis. Medication (/kg)
given intraperitoneally (ip) (once time daily) or continuously in drinking water (po) after the creation of an esophagogastric anastomosis in rats. BPC 157 (10 µg, 10
ng), L-NAME (5 mg), and L-arginine (100 mg) given alone and/or combined intraperitoneally with the first application at 30 min after anastomosis creation and the last
at 24 h before sacrifice. Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg, 10 ng/kg; 0.16 µg, 0.16 ng/mL) was provided continuously until
sacrifice. aP < 0.05, at least, vs control.
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Figure 2 Anastomosis strength. Water volume that could be sustained before leakage, mean ± SD, mL, in rats that underwent esophagogastric anastomosis.
Medication (/kg) given intraperitoneally (ip) (once time daily) or continuously in drinking water (po) after the creation of esophagogastric anastomosis in rats. BPC
157 10 µg and 10 ng, L-NAME 5 mg, and L-arginine 100 mg given alone and/or combined intraperitoneally with the first application at 30 min after anastomosis
creation and last at 24 h before sacrifice. Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg, 10 ng/kg; 0.16 µg, 0.16 ng/mL) was provided
continuously until sacrifice. aP < 0.05, at least, vs control.

L-NAME therapy: Rats that underwent esophago
gastric lesions and treated with L-NAME had an
aggravated course. Gastric (Figure 1) and esophagitis
lesions (Table 1) constantly worsened; other distur
bances were less expressed. For instance, weakened
anastomosis constantly sustained a small volume
water before anastomosis leakage such as in controls

strengthened (more water volume before anastomosis
leakage than in controls) (Figure 2). The pressures in
the esophagus at the site of the anastomosis (Figure
3) and pyloric sphincter (Figure 4) markedly increased.
Lethal outcomes were completely avoided (Fisher exact
probability test vs control, P < 0.05). Weight loss was
continuously attenuated before the last day (Figure 5).
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Figure 3 Pressure in the esophagus at the anastomosis site. Mean ± SD, cmH2O, in rats that underwent esophagogastric anastomosis. Medication (/kg) given
intraperitoneally (ip) (once time daily) or continuously in drinking water (po) after the creation of esophagogastric anastomosis in rats. BPC 157 10 µg and 10 ng,
L-NAME 5 mg, and L-arginine 100 mg given alone and/or combined intraperitoneally with the first application at 30 min after anastomosis creation and last at 24 h
before sacrifice. Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg, 10 ng/kg; 0.16 µg, 0.16 ng/mL) was provided continuously until sacrifice.
a
P < 0.05 at least vs control. The values of 68-76 cm H2O for the lower esophageal sphincter were considered to be normal, as determined previously[17,18,20-23].
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Figure 4 Pressure in the pyloric sphincter. Mean ± SD, cmH2O, in rats that underwent esophagogastric anastomosis. Medication (/kg) given intraperitoneally
(ip) (once time daily) or continuously in drinking water (po) after the creation of esophagogastric anastomosis in rats. BPC 157 10 µg and 10 ng, L-NAME 5 mg, and
L-arginine 100 mg given alone and/or in combination intraperitoneally with the first application at 30 min after anastomosis creation and last at 24 h before sacrifice.
Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg, 10 ng/kg; 0.16 µg, 0.16 ng/mL) was provided continuously until sacrifice. aP < 0.05, at
least vs control. The values of 68-74 cm H2O for pyloric sphincter were considered normal, as previously determined[17,18,20-23].

Combined therapies: L-NAME-induced worsening
was commonly reversed with medication combinations
(L-NAME + L-arginine; L-NAME + BPC 157; and
L-NAME + L-arginine + BPC 157). Gastric (Figure
1) and esophagitis lesions (Table 1) were constantly
attenuated. However, in particular, L-NAME + L-arginine
rats do not immediately have increased anastomosis

(Figure 2); there was small pressure in the esophagus
at the site of the anastomosis (Figure 3) and in
the pyloric sphincter (Figure 4); and weight loss
increased on post-operative days 1 and 4 (Figure 5).
However, they could not survive post-operative day 4
(Fisher exact probability test vs control P < 0.05, at
least).
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Figure 5 Weight loss (g) presented as the Δ between the initial and final weights[13,18], mean ± SD, in rats that underwent esophagogastric anastomosis.
Medication (/kg) given intraperitoneally (once time daily) or continuously in drinking water after the creation of an esophagogastric anastomosis in rats. BPC 157 10
µg and 10 ng, L-NAME 5 mg, and L-arginine 100 mg given alone and/or combined intraperitoneally with the first application at 30 min after anastomosis creation and
the last at 24 h before sacrifice. Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg and 10 ng/kg; 0.16 µg and 0.16 ng/mL) was provided
continuously until sacrifice. aP < 0.05, at least, vs control.

Table 1 Esophagitis score (0-5) Min/Med/Max in rats that underwent esophagogastric anastomosis
Medication (/kg) given ip (once time daily) or
continuously in drinking water (po) after the creation
of esophagogastric anastomosis in rats
Saline 5 mL
BPC 157 10 µg
L-NAME 5 mg
L-arginine 100 mg
L-NAME 5 mg + L-arginine 100 mg
L-NAME 5 mg + BPC 157 10 µg
L-arginine 100 mg + BPC 157 10 µg
L-NAME 5 mg + L-arginine 100 mg +BPC 157 10 µg
BPC 157 10 ng
L-NAME 5 mg + BPC 157 10 ng
L-arginine 100 mg + BPC 157 10 ng
L-NAME 5 mg + L-arginine 100 mg +BPC 157 10 ng
Drinking water
12 mL/d per rat
BPC 157 10 µg
BPC 157 10 ng

Esophagitis score (0-5) Min/Med/Max in rats that underwent esophagogastric anastomosis
1d
Min/Med/Max

2d
Min/Med/Max

3d
Min/Med/Max

4d
Min/Med/Max

4/4/4
0/1/2a
5/5/5a
0/1/2a
2/3/4a
1/2/3a
0/1/2a
0/1/2a
0/1/2a
1/2/3a
0/1/2a
1/2/3a
4/4/4

4/4/4
0/1/2a
5/5/5a
1/2/3a
0/1/2a
1/2/3a
0/1/2a
0/1/2a
0/1/2a
2/3/4a
0/1/2 a
0/1/2a
4/4/4

4/4/4
0/1/2a
5/5/5a
1/2/3a
1/2/3a
0/1/2a
0/1/2a
1/2/3a
0/1/2a
1/2/3a
0/1/2a
1/2/3a
4/4/4

4/4/4
0/1/2a
5/5/5a
1/2/3a
1/2/3a
0/1/2a
0/1/2a
0/1/2a
0/1/2a
0/1/2a
0/1/2a
0/1/2a
4/4/4

0/1/2a
0/1/2a

0/1/2a
0/1/2a

0/1/2a
0/1/2a

0/1/2a
0/1/2a

Medication (/kg) given intraperitoneally (ip) (once daily) or continuously in drinking water (po) after the creation of an esophagogastric anastomosis in
rats. BPC 157 10 µg and 10 ng, L-NAME 5 mg, and L-arginine 100 mg given alone and/or combined intraperitoneally with the first application at 30 min
after anastomosis creation and the last at 24 h before sacrifice. Drinking water alone (12 mL/d per rat) or BPC 157 in drinking water (10 µg, 10 ng/kg; 0.16
a
µg, 0.16 ng/mL) was provided continuously until sacrifice. P < 0.05, at least vs control.

strength (they develop it later), and pressure in the
esophagus at anastomosis site and in pyloric sphincter
is only occasionally increased (Figures 2, 3 and 4).
Weight loss initially remained increased; then, it was
reversed to control values (Figure 5). In rats that
additionally received BPC 157 (L-NAME + BPC 157
and L-NAME + L-arginine + BPC 157), as well as rats
treated with L-arginine + BPC 157), these parameters
were constantly improved. Lethal outcomes were
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commonly avoided (Fisher exact probability test vs
control P < 0.05, at least).
Generally, the described macroscopical healing
(Figure 6) is along with microscopic presentation
followed and thereby counteracted as described above
(Figures 7 and 8). In the period after esophagogastric
anastomosis creation, at the site of anastomosis,
the control animals showed severe necrosis along
the anastomosis line, including a large necrotic
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C

B

N

Figure 6 Illustrative gross presentation of rats that underwent esophagogastric anastomosis at post-operative day 4 and then received medication saline
(control, C), BPC 157 (B), or L-NAME (N).

c

100 mm

c
100 mm
b
b

100 mm

100 mm

Figure 7 Illustrative microscopic presentation in rats that underwent
esophagogastric anastomosis at post-operative day 2, hematoxylin eosin
staining. Separated anastomosis edges (red arrows) with neutrophils within the
edges (yellow arrow) were consistently noted in controls (c). Separated wound
edges (red arrows). Connected edges in rats that underwent esophagogastric
anastomosis and treated with BPC 157 regimens (black arrow) (b).

B

area of the superficial epithelium and broad band of
necrotic subcutaneous tissue and muscle. Abundant,
predominantly polymorphonuclear infiltration was
present along the anastomosis. The inflammation
extended to the adipose tissue. Grossly, regular
confluent hemorrhagic and yellowish lesions appear
in advanced esophagitis; microscopically, ulcerations
with pronounced subepithelial and muscular edema,

WJG|www.wjgnet.com

100 mm

Figure 8 Illustrative microscopic presentation in rats that underwent
esophagogastric anastomosis at post-operative day 4 [controls (c),
BPC 157 (b)] and at post-operative day 7 [BPC 157 (B)], hematoxylin
eosin staining. Tissue destruction at the anastomosis edges (arrows) were
consistently noted in controls (c), which is a presentation that precedes lethal
outcome. Initial organization of the exudate (b) (arrows) and wound completely
closed with granulation tissue (B) (arrows), which is consistently noted in rats
that underwent esophagogastric anastomosis and were treated with BPC 157.
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b

c

Figure 9 Blood vessels presentation at the ventral site of the stomach surface in rats that just underwent esophagogastric anastomosis. In general,
immediately after anastomosis creation and saline bath application, blood vessels disappeared from the rat gastric surface, and this effect lasts at least the next 15
min (scored Min/Med/Max 0/0/0), a period that was carefully monitored (control, c). With a BPC 157 bath immediately after anastomosis creation, the blood vessels
did not disappear from the rat gastric surface; instead, these vessels remained present during at least the next 15 min of monitoring (BPC 157, b).

mononuclear infiltration, thinner epithelium and super
ficial corneal layers are present. Gastric mucosal
lesions mostly presented with hemorrhagic lesions
that were surrounded by edema of the lamina propria
and submucosa with a mixed inflammatory reaction.
However, some presented with extensive necrosis to
all parts of the mucosa, and they had sharp edges with
infiltrated granulocytes at the bases.

and inescapable lethal outcomes.
As mentioned, BPC 157 treatment along with an
NO-synthase (NOS) blocker, L-NAME, nullified any
effect of L-NAME that would otherwise markedly
intensify the regular course. Consistently, with
worsening (obtained with L-NAME administration)
and amelioration (with L-arginine), either L-arginineamelioration prevails (i.e., esophageal and gastric
lesions attenuated) or they counteract each other
(L-NAME + L-arginine) with an effect that was further
reversed toward a marked beneficial effect by the
addition of BPC 157 (L-NAME + L-arginine + BPC 157).
Together, these provide evidence for an innate NOsystem disability (L-NAME-worsening) that could be
corrected by the administration of a NOS substrate,
such as L-arginine, and almost completely eliminated
by BPC 157 therapy. Accordingly, in various models
[1,5,7,17,18,20,45-51]
and species
, BPC 157 counteracted the
[1,5,7,17,18,20,45-51]
L-NAME effect better than L-arginine
as
well as induced NO-release in the gastric mucosa from
rat stomach tissue homogenates, even in conditions
[50,56]
in which L-arginine is not working
. No further
beneficial effect was observed when BPC 157 and
[1,5,7,17,18,20,45-51]
L-arginine were co-administered
.
In the rats that underwent esophagogastric anas
tomosis, the particular point of BPC 157 effectiveness
involving both anastomosis healing and sphincter
rescue was the realized anastomosis creation already
in controls that at least partly rescued the sphincter
function at the site of anastomosis, while pressure in
the pyloric sphincter remains constantly low. Of note,
pylorus sphincter failure was thought to reflect lower
[17,18,20-23]
esophageal sphincter failure
. This was further
additionally improved in rats that underwent BPC 157
therapy, and pressure in the pyloric sphincter is also
rescued, which is an important point now reported.
Previously, we demonstrated that BPC 157 maintains
[17,18,20-23]
sphincter function (lower esophageal, pyloric
,

Very early findings: The following very early findings
could likely be illustrative of all post-operative courses.
In control rats that underwent esophagogastric ana
stomosis immediately after anastomosis creation
and saline bath application at the ventral side of the
stomach, blood vessels disappeared from the rat
gastric surface, lasting for at least 15 min (scored Min/
Med/Max 0/0/0), a period that was carefully monitored
(Figure 9). Conversely, immediately after anastomosis
creation and BPC 157 bath application, blood vessels
did not disappear from the rat gastric surface; these
vessels remained present, at least during the next
15 min of monitoring (scored Min/Med/Max 5/5/5, vs
control P < 0.05) (Figure 9).

DISCUSSION
We report on the curative treatment of esophagogastric
anastomosis in rats with stable gastric pentadecapeptide
[1-7]
BPC 157 . It was highly successful against a perilous
and mortal course even when it had to be markedly
aggravated by L-NAME application. Namely, as observed
before, rats undergoing esophagogastric anastomosis are
[29,30]
severely affected
. They exhibited failed anastomosis
[30,31]
healing
, but they also presented with progressive
esophagitis and gastric lesions, leakage, failed pressure
within the anastomosis site that was markedly below
values noted in the rat’s lower esophageal sphincter, a
dysfunctional pyloric sphincter, weight loss, a short-life,
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[24]

[25]

[1-7,38,53]

urethral , and pupil ). Specifically, simultaneous
lower esophageal and pyloric sphincter function
assessment, as a hallmark of reinstated function and
[17,18,20-23]
tissue integrity
, demonstrates that when there
are more lesions present, the sphincter pressure is
[17,18,20-23]
lower
. Of note, BPC 157 therapy regularly
counteracted the disability of the lower esophageal and
[17,18,20-23]
pyloric sphincter
, induced in various ways (i.e.,
[21-23]
stretching sphincters with temporal tube insertion
,
[20]
potassium chloride overdose application , bile duct
[21]
[18]
ligation-induced pancreatitis , esophagocutaneous
[17]
or duodenocutaneous fistula creation , and lower
esophageal sphincter dysfunction instantly induced
[21-23]
pyloric sphincter failure, and vice versa
). In fistula
conditions, this was shown to be a NO-system related
[7,17,18]
phenomenon
. With respect to the outcome
of esophagogastric anastomosis, an interesting
anastomosis analogy could be made, providing that
these surgically created fistulas are actually anastomosis
between two different tissues (i.e., esophagus and
[17]
[18]
[7]
skin ; duodenum and skin ; colon and skin ) and,
thereby, sphincter function rescue could be observed
along with anastomoses healing.
Of note, indicatively, anastomosis creation that
better rescued the sphincter function at the site of
anastomosis (as well as the pyloric sphincter function)
could be also obtained in L-arginine-treated rats.
Additionally, sphincter failure is proposed as a hallmark
[17,18,20-23]
of ongoing injury
along with an injurious effect
[1,5,7,17,18,20,45-51]
of L-NAME itself
that overrides previous
[57]
considerations about NO-sphincter relationships while
being unrelated to injurious conditions (i.e., in dogs,
[58-60]
ferrets and muscle strips
). In rats that underwent
esophagogastric anastomosis and L-NAME therapy,
the final drop of pressure within the esophagus at the
site of anastomosis on day 4 occurs just prior to death.
Here, moreover, we have to assume dysfunction of the
nitrergic pathway; for instance, excision-immediate
heavy loss of endothelium cells from the vascular wall
[61]
results in a lower NO-production ability , which has
different action for the damaged tissue integrity.
Thereby, in rats with esophagogastric anastomosis
that were treated with L-NAME, the degree of sphincter
failure was higher, in accordance with the worst
esophageal and gastric lesions, and accelerated lethal
outcomes.
Finally, it is reasonable to assume also in the
esophagogastric anastomosis studies that constant
vessel presentation could predict the beneficial effect
[53]
of the applied agent . Thereby, it is interesting
[31-33]
to note the perilous effect of ischemia
and,
conversely, angiogenesis in improving esophagogastric
anastomosis healing triggered in the conditioned
[34-37]
stomach (partial stomach devascularization)
,
[34-37]
as evidenced in a period of one week
. These
observations have to be further corroborated with
the noted beneficial effect of BPC 157 in rats with
esophagogastric anastomosis. Namely, BPC 157
exhibits a rapid, beneficial effect (since the first day),
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and BPC 157 is a cytoprotective agent
that
[38]
rapidly induces strong endothelium protection
and
prominent angiogenic effects (seen when placed
in the classic sponge inserted into the rat’s back
[2,40,62]
or through various tissues healing
with VGEF
[2,40,62]
expression
). As a result, BPC 157 obviously has
an additional, more direct beneficial effect on blood
[1-7,38,40,53,62]
vessel presentation
.
The constant vessel presentation synergizes the
[53]
beneficial effect of BPC 157 , and it is worth noting
that after pentadecapeptide BPC 157 instillation into
the stomach following distension or alcohol instillation
into the stomach, the vessel presentation remains
constant, while left gastric artery blood vessels
clearly disappear at the serosal site, indicative of
[53]
loss in the integrity and function within a minute .
[53]
These findings
correlate with the findings noted
immediately after the creation of esophagogastric
anastomosis in rats, wherein left gastric artery blood
vessels clearly disappear at the serosal site, unlike the
constant vessel presentation in rats that underwent
BPC 157 therapy. This may be an early, essential point
for achieving the further full healing effect.
The esophagogastric anastomosis point provides the
anastomosis strength (i.e., with various anastomosis
leakage, the highest rates belong to this anastomotic
[8,9]
leakage alone ). Since the very beginning, stable
gastric pentadecapeptide BPC 157 signiﬁcantly improved
all parameters of anastomotic wound healing in rats
with esophagogastric anastomosis, as has previously
[10-14]
been shown with various intestinal anastomoses
(note BPC 157 also improves the blood vessel and
[63,64]
peripheral nerve anastomoses
), and with both
[7,15-19]
external and internal fistulas
, which were ori
ginally created as the surgical anastomoses between
[7,15-19]
various tissues
. As a result, BPC 157 especially
improves the anastomotic strength. Furthermore,
we noted comparable, complex functional and
[65-68]
biomechanical improvement of various tissues
, as
well as their suitable healing and functional restoration
(i.e., increased tensile breaking force, relative
[65,66]
elongation of the burned skin
, failure of the load
[67]
[68]
of the transected tendon
or muscle , improved
[67,68]
[67,68]
walking
, and absent post-injury contracture
).
Therefore, since these results were obtained with the
same dosage regimen, increased tensile strength of
the anastomosis is a direct reflection of the successful
[69]
[1-7,53]
repair process , and an essential healing point
could be achieved along with the stimulation of the
early growth response-1 (EGR-1) gene and its corepressor nerve growth factor 1-A binding protein-2
(NAB2), cytokine and growth factor generation
and thereby, early extracellular matrix (collagen)
[41]
and blood vessel formation , and other molecular
[41-44]
pathways
.
These processes may be involved in a particular
feedback-process for the simultaneous healing of
different tissues, which can improve esophagogastric
anastomosis healing and counteract all consequences
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of an otherwise fatal injury course.
In addition, for a new NO-system phenomenon,
stable gastric pentadecapeptide BPC 157, along with
NOS-blockade, L-NAME, and NOS-substrate L-arginine
[1]
application , would favorably define esophagogastric
anastomosis healing, esophagitis and gastric defect
healing, as well as rescue the “sphincter” pressure at
the site of anastomosis while preserving the pyloric
sphincter pressure. These approaches should be used
to counteract the frequently dangerous course after
esophagogastric anastomosis creation.

3

4

5

COMMENTS
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Background

6

BPC 157 treatment of esophagogastric anastomosis along with a NO-synthase
(NOS) blocker, L-NAME, and/or NOS substrate L-arginine would evidence an
innate NO-system disability, and investigate the effect on the corresponding
worsening (obtained with L-NAME administration) or amelioration (due to
L-arginine).

7

Research frontiers

BPC 157 treatment of esophagogastric anastomosis along with a NO-synthase
(NOS) blocker, L-NAME, and/or NOS substrate L-arginine would evidence an
innate NO-system disability, and investigate the effect on the corresponding
worsening (obtained with L-NAME administration) or amelioration (due to
L-arginine).
8

Innovations and breakthroughs

The stable gastric pentadecapeptide BPC 157, was given daily, intraperitoneally
or orally, in drinking water, using the previous efficacious regimens. In
addition to these effects, the possible simultaneous healing (stable gastric
pentadecapeptide BPC 157, along with both NOS-blockade, L-NAME, and
NOS-substrate L-arginine application) would define the esophagogastric
anastomosis healing, define esophagitis and gastric defects healing, rescue
“sphincter” pressure at the site of anastomosis and preserve pyloric sphincter
pressure, as a new NO-system related phenomenon.

9

10

Applications

A new NO-system phenomenon, stable gastric pentadecapeptide BPC 157,
along with NOS-blockade, L-NAME, and NOS-substrate L-arginine application[1],
would favorably define esophagogastric anastomosis healing, esophagitis
and gastric defect healing, as well as rescue the “sphincter” pressure at the
site of anastomosis while preserving the pyloric sphincter pressure. These
approaches should be used to counteract the frequently dangerous course after
esophagogastric anastomosis creation.

11

Peer-review

This manuscript presents stable gastric pentadecapeptide BCP157, along
with NOS-blockade, L-NAME, and NOS-substrate L-argnine application would
favorably define the esophagogastric anastomosis healing, esophagitis and
gastric defects healing and rescued sphincter pressure.
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Abstract
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Review Board of Seoul National University College of Medicine
because of the following reasons: Most of the patients already
died or are not visiting hospital anymore. This study will not
cause hazard or exposure of personal information and will be
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AIM
To investigated the relationships between HER2, c-Jun
N-terminal kinase (JNK) and protein kinase B (AKT)
with respect to metastatic potential of HER2-positive
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gastric cancer (GC) cells.

INTRODUCTION

METHODS
Immunohistochemistry was performed on tissue array
slides containing 423 human GC specimens. Using
HER2-positve GC cell lines SNU-216 and NCI-N87,
HER2 expression was silenced by RNA interference,
and the activations of JNK and AKT were suppressed by
SP600125 and LY294002, respectively. Transwell assay,
Western blot, semi-quantitative reverse transcriptionpolymerase chain reaction and immunofluorescence
staining were used in cell culture experiments.

Gastric cancer (GC) is the fourth most common
malignancy and the second leading cause of cancer
[1]
death worldwide . Although metastasis is the major
obstacle in the treatment of malignant cancer, the
underlying molecular mechanism responsible for GC
metastasis needs to be further elucidated.
Human epidermal growth factor receptor 2 (HER2/
ERBB2/neu), a member of the epidermal growth
[2]
factor receptor family of receptor tyrosine kinases , is
[3]
overexpressed in 7%-34% of GC cases . Since recent
studies have reported a high concordance between
HER2 protein overexpression in immunohistochemistry
and gene amplification by fluorescence in situ
[4]
hybridization or chromogenic in situ hybridization ,
HER2 overexpression seems to be directly correlated
[5]
with HER2 amplification in most cases . Although our
[6]
previous study showed that HER2 downregulation
decreased cell migration, invasion and metastasis
of GC, the efficacy of anti-HER2 treatment of GC
patients was limited due to intrinsic and acquired
drug resistance. However, the underlying molecular
mechanism of HER2-induced GC metastasis remains
largely unknown.
Major downstream signaling pathways of HER2
include the mitogen-activated protein kinase (MAPK)
pathway and phosphatidylinositol 3-kinase (PI3K)/
[7]
protein kinase B (AKT) pathway . MAPKs are serine
(Ser)/threonine (Thr)-specific protein kinases and
include extracellular signal-regulated kinases (ERKs),
p38 MAPK and c-Jun N-terminal kinases (JNKs).
After phosphorylation, MAPKs are activated and can
translocate to the nucleus followed by regulation
[8]
of various transcription factors , which control the
proliferation, differentiation, survival and migration of
specific cell types. The specific role of individual MAPKs
[9]
is dependent on cell-context and cell-type .
Aberrant expression and activation of JNK is found
in many cancer cell lines and tissue samples of cancer
[9]
patients . In general, JNK has been established as a
[10]
key kinase in cancer cell apoptosis . Recently, the
role of JNK in HER2 signaling pathway has gained
much attention, because JNK activation plays a critical
role in the lapatinib-resistance in HER2-positve breast
[11,12]
cancer cells
. However, regarding GC, the biological
significance of JNK in relation to HER2 signaling has
not been reported. Thus, the role of JNK and its
interaction with other signaling molecules in HER2positive GC need to be investigated.
It has been shown that AKT promotes cell migration
[13]
and invasion of GC cells in vitro
and that Akt
activation significantly correlates with HER2 expression
[14]
in GC specimens . Although the association between
AKT and JNK in various cancer cells has been reported
[10,15-17]
previously
, the results have been inconsistent.
[15]
In breast cancer cells, AKT induced JNK activation .
[16]
In lung cancer cells, JNK induced AKT activation .
In glioblastoma cells, there was crosstalk between

RESULTS
In GC specimens, HER2, JNK, and AKT activations were
positively correlated with each other. In vitro analysis
revealed a positive regulatory feedback loop between
HER2 and JNK in GC cell lines and the role of JNK as a
downstream effector of AKT in the HER2/AKT signaling
pathway. JNK inhibition suppressed migratory capacity
through reversing EMT and dual inhibition of JNK and
AKT induced a more profound effect on cancer cell
motility.
CONCLUSION
HER2, JNK and AKT in human GC specimens are
positively associated with each other. JNK and AKT,
downstream effectors of HER2, co-operatively contribute
to the metastatic potential of HER2-positive GC cells.
Thus, targeting of these two molecules in combination
with HER2 downregulation may be a good approach to
combat HER2-positive GC.
Key words: Gastric cancer; HER2; c-Jun N-terminal
kinase; Protein kinase B; Metastatic potential
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the significance of c-Jun
N-terminal kinase (JNK) and its interaction with protein
kinase B (AKT) in the HER2 signaling with respect to
metastatic potential of HER2-positive gastric cancer
(GC). In clinical GC samples, we found positive relation
ships between HER2, JNK and AKT. Inhibition studies
using HER2-positive SNU-216 and NCI-N87 GC cell lines
demonstrated that positive crosstalk exists between
HER2 and JNK, and that JNK is a downstream signaling
molecule of AKT. In addition, JNK and AKT increased
EMT and co-operatively contributed to the metastatic
potential of HER2-positive GC cell lines. Thus, HER2
signaling contributes to GC metastasis through acti
vation of AKT/JNK/EMT pathway.
Choi Y, Ko YS, Park J, Choi Y, Kim Y, Pyo JS, Jang BG, Hwang
DH, Kim WH, Lee BL. HER2-induced metastasis is mediated
by AKT/JNK/EMT signaling pathway in gastric cancer. World J
Gastroenterol 2016; 22(41): 9141-9153 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i41/9141.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i41.9141
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[10]

JNK and AKT . In addition, in osteosarcoma cells,
[17]
JNK inhibited AKT activation . Thus, these findings
indicate that the association between JNK and AKT
could be different according to the cancer cell type
investigated. Thus, interaction of these two molecules
in terms of cancer cell metastasis of each cancer type
needs to be elucidated. However, the relationship
between JNK and AKT in GC has not been described
previously.
The present study performed a large scale
immunohistochemical analysis and examined the
associations between the activation of HER2, JNK
and AKT in 423 GC specimens. In addition, we
evaluated the in vitro effect of these molecules alone
or in combination on the metastatic potential of
HER2-positive GC cell lines SUN-216 and NCI-N87.
Furthermore, the effect of JNK/AKT inhibition on
epithelial-mesenchymal transition (EMT) of these cell
lines were investigated since previous studies have
demonstrated that EMT plays a critical role in not only
[18]
tumor metastasis but also drug resistance .

with the Bond Polymer Refine Detection kit (Leica
Microsystems). All immunostained sections were then
lightly counterstained with Mayer’s haematoxylin.
Throughout the above analysis, negative controls were
prepared by omitting the primary antibody.
For statistical analysis, the results of immunostaining
were considered positive if immunoreactivity (nuclear
pJNK, and nuclear and cytoplasmic pAKT) was seen
in ≥ 10% of the tumor cells, as described in previous
[20,21]
studies
. Regarding HER2 immunostaining,
immunoreactivity was scored in accordance with the
HER2 scoring system for GC as described in a previous
[22]
study . Briefly, cases showing weak to strong staining
of the entire or basolateral membrane in ≥ 10% of the
tumour cells were considered HER2 immuno-positive.

Cell cultures

Human GC cell lines SNU-216 and NCI-N87 were
purchased from the Korean Cell Line Bank (Seoul,
Korea). Cells were cultured in RPMI1640 (Life
Technologies, Grand Island, NY, United States)
supplemented with 10% fetal bovine serum (FBS), 2
mg/mL sodium bicarbonate, 100 U/mL penicillin, and
100 μg/mL streptomycin (Life Technoloiges) at 37 ℃ in
a humidified 95% air and 5% CO2 atmosphere.

MATERIALS AND METHODS
Patients and tissue array methods

A total of 423 surgically resected gastric carcinoma
cases were obtained from the Department of
Pathology, Seoul National University College of
Medicine from 2 January to 29 December, 2006.
Eight paraffin tissue array blocks were prepared as
[19]
previously described . Briefly, core tissue biopsies (2
mm in diameter) were taken from individual paraffinembedded gastric tumors (donor blocks) and arranged
in a new recipient paraffin block (tissue array block)
using a trephine apparatus. Each tissue block was
able to contain up to 60 cases, allowing eight array
blocks to contain 423 cases. The staining results of
the different intratumoral areas of gastric carcinomas
in these tissue array blocks showed an excellent
[20]
agreement . A core was chosen from each case for
analysis. We defined an adequate case as a tumor
occupying more than 10% of the core area. Sections
of 4 μm thicknesses were cut from each tissue array
block, deparaffinized, and rehydrated. This protocol
was reviewed and approved by the Institutional Review
Board of Seoul National University.

Lentivirus-mediated short hairpin RNA (shRNA)
silencing of HER2

Lentiviral particles containing non-targeting shRNA
or HER2 shRNA were purchased (Sigma, St. Louis,
MO, United States). The sequence of HER2 shRNA
was 5’-CCGGTGTCAGTATCCAGGCTTTGTACTCGAG
TACAAAGCCTGGATACTGACATTTTTG-3’. The control
shRNA particles contain four base pair mismatches
within the short hairpin sequence to any known human
or mouse gene. Viral infection was performed by
incubating GC cells in the culture medium containing
lentiviral particles for 12 h in the presence of 5 μg/mL
Polybrene (Santa Cruz Biotechnology, Santa Cruz, CA,
United States). Pooled puromycin (2 μg/mL)-resistant
cells were used for further analysis.

Western blot

Cell lysates were prepared in 100-200 μL of 1 ×
sodium dodecyl sulfate (SDS) lysis buffer [125
mM Tris-HCl (pH 6.8), 4% SDS, 0.004% bromophenol
blue, and 20% glycerol]. Protein contents were
measured using BCA Protein Assay Reagent (Pierce,
Rockford, IL, United States). Equal amounts of
proteins were separated on an 8% discontinuous SDSpolyacrylamide gel and electrophoretically transferred
to PVDF membranes (Millipore Corporation, Billerica,
MA, United States) blocked with 5% nonfat dry
milk in phosphate-buffered saline-Tween 20 (0.1%,
v/v) for 1 h. The membranes were then incubated
at 4 ℃ overnight. The primary antibodies used
Tyr1221/1222
were against phospho-HER2
(1:1000, Cell
Signaling Technology), HER2 (1:1000, Cell Signaling

Immunohistochemistry

Immunohistochemistry was performed after antigen
retrieval using a Bond-max automated immunostainer
(Leica Microsystems, Newcastle, United Kingdom).
The primary antibodies used were against HER2
(1:100, DAKO, Glostrup, Denmark), active form of
JNK phosphorylated at Thr183 and Tyr185 (pJNK)
(1:50, Cell Signaling Technology, Beverly, MA, United
States) and active form of AKT phosphorylated at
Ser473 (pAKT) (1:100, New England Biolabs, Beverly,
MA, United States). Antibody binding was detected
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Technology), pJNK (1:1000, Cell Signaling Technology),
JNK (1:1000, Cell Signaling Technology), E-cadherin
(1:1000, BD Biosciences, San Jose, United States),
Snail (1:1000, Santa Cruz Biotechnology), Vimentin
(1:1000, Neomarkers), pAKT (1:1000, Cell signaling
Technology), matrix metalloproteinase (MMP9)
(1:1000; Neomarkers, Fremont, CA, United States)
and β-actin (1:1000, Santa Cruz Biotechnology).
Horse-radish peroxidase-conjugated anti-rabbit IgG
(1:4000, Santa Cruz Biotechnology) or anti-mouse
IgG (1:4000, Santa Cruz Biotechnology) was used as
a secondary antibody. Enhanced chemiluminescence
(Pierce) was used to detect the immunoreactive
proteins. Equal protein loading was confirmed by
β-actin.

performed to synthesize cDNAs in a 20 μg reaction
mixture containing each gene-specific primer, 1 μg
RNA, 2 × reaction buffer, 0.4 μg Taq polymerase,
and 1.2 mM MgCl2. The cDNAs of HER2 transcripts
were all amplified for 20 cycles (denaturation at
94 ℃ for 30 s, annealing at 52 ℃ for 30 s, and
extension at 70 ℃ for 30 s), and the cDNAs of b-actin
transcripts were amplified for 18 cycles (94 ℃ for
30 s, 52 ℃ for 30 s, and 70 ℃ for 30 s). The PCR
cycling numbers had been optimized to avoid the
amplification saturation. Then, 5 μL of RT-PCR product
was separated on 1% agarose gels, which were
subsequently stained with ethidium bromide. Primer
sequences were 5’-GGGAGAGAGTTCTGAGGATT-3’
a n d 5 ’ - C G T C C G TA G A A A G G TA G T T G - 3 ’ f o r
HER2, and 5’-ACACCTTCTACAATGAGCTG-3’ and
5’-CATGATGGAGTTGAAGG TAG-3’ for β-actin.

Immunofluorescence staining
4

SNU-216 cells (1 × 10 cells/well) were cultured on
4-well chamber slide (Thermo Scientific, Rockford, IL,
United States). After 24 h, cells were fixed with 4%
paraformaldehyde for 10 min, and blocked with 5%
normal donkey serum containing 0.5% Triton X-100
for 5 min. Cells were incubated overnight at 4 ℃ with
mixture of the following primary antibodies: rabbit
anti-HER2 (1:200; Cell Signaling Technology) and
mouse anti-pJNK (1:200, Santa Cruz Biotechnology).
Alexa fluor-555-conjugated anti-rabbit IgG (1:200,
Life Technologies) and Alexa fluo-488-conjugated
anti-mouse IgG (1:200, Life Technologies) were used
as secondary antibodies. To examine whether JNK
inhibition reorganizes cytoskeleton, filamentous actin
(F-actin) was visualized. Cells were incubated with
165 nmol/L Alexa Fluor-633-conjugated phalloidin
(Invitrogen, Carlsbad, CA, United States) for 10 min,
followed by 4’6’-diamidio-2-phenoylindole (DAPI)
staining. Immunofluorescence was observed under a
fluorescence microscope.

Cell invasion and migration assay

A 24-well Insert System with an 8 μm pore size
polyethylene terephthalate membrane was pur
chased from BD Biosciences. Transwell inserts
were coated with Matrigel, followed by rehydration
with medium for 2 h. Ten percent FBS-containing
medium was placed in the lower chambers to be
4
used as a chemoattractant. SNU-216 cells (1 × 10
4
cells/insert) or NCI-N87 cells (5 × 10 cells/insert) in
300 μL volume of 1% FBS-containing medium. After
incubation for 48 h at 37 ℃, non-invasive cells were
removed with a cotton swab. Invasive cells on the
bottom surface of the insert were stained with 0.2%
crystal violet in 20% methanol for 30 min and were
photographed with an inverted microscope. Stained
cells were lysed with 10% SDS for 30 min, and
absorbance was measured at 570 nm using an ELISA
[6]
reader (Bio-Rad) as described previously . Migration
assays were performed the same way as the invasion
assays, using Transwell compartment except that
[6]
Matrigel was not included .

Pharmacological inhibition of JNK and AKT

Cells were seeded and allowed to attach for 24 h. To
inhibit endogenous JNK activity, cancer cells were
treated with a specific JNK inhibitor SP600125 (20
μmol/L for SNU-216 and 30 μmol/L for NCI-N87) (Cell
Signaling Technology) dissolved in dimethylsulfoxide
(DMSO). For AKT inhibition, cells were treated with
20 μmol/L of a PI3K/AKT inhibitor LY294002 (Cell
Signaling Technology) dissolved in DMSO, as described
[23]
in previous study .

Assessment of cell growth
4

SNU-216 (2 × 10 cells/each well) and NCI-N87 cells (5
4
× 10 cells/each well) were seeded into 24-well plates
and were allowed to grow for 3 d. Cell numbers were
measured indirectly by using the crystal violet assay as
[24]
reported by Kim et al . Briefly, cells were stained with
0.2% crystal violet aqueous solution in 20% methanol
for 10 min, dissolved in 10% SDS, transferred into
96-well plates, and the absorbance was measured at
570 nm using an ELISA reader (Bio-Rad, Hercules, CA,
United States).

Semi-quantitative reverse transcription-polymerase
chain reaction

Semiquantitative reverse transcription-polymerase
chain reaction (SQ RT-PCR) was performed to deter
mine the transcript level of HER2 in human gastric
cancer cells, and the amplification of β-actin transcripts
was used as the control to normalize the transcript
levels of HER2. Total RNAs were isolated using TRIZOL
reagent (Invitrogen), and reverse transcription was
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Statistical analysis

For tissue array analysis, statistical analyses were
conducted using SPSS version 11.0 statistical software
program (SPSS, Chicago, IL, United States), and
2
the χ test was used to determine the correlations
between the expressions of HER2, pJNK and pAKT.
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HER2

pJNK

pAKT

Negative control

Figure 1 Representative immunohistochemical features of HER2, pJNK and pAKT in human gastric cancer specimens. HER2-positive, pJNK-positive, pAKTpositive and negative control treated without primary antibodies. Original magnification, × 400. Bars: 100 μm.

staining, immunoreactivity in both nucleus and cyto
plasm was interpreted to show AKT activation. We
found positive immunoreactivity for membranous HER2
in 56 (14%), pJNK in 130 (31%) and pAKT in 36 (8%)
of 423 GC cases, respectively. Data concerning the
correlations between the expressions of membranous
HER2, nuclear pJNK and pAKT are summarized in
Table 1. HER2 activation was found to be positively
correlated with JNK activation (P = 0.035) and AKT
activation (P = 0.029). In addition, JNK activation was
also correlated with AKT activation (P = 0.025).

Table 1 Correlation between expressions of human epidermal
growth factor receptor 2, phospho-Thr183 and Tyr185-cJun N-terminal kinase and phosphor-Ser473-protein kinase B
in human gastric cancer specimens
HER2 (n )
Total
pJNK
Positive
Negative
pAKT
Positive
Negative

Total

Positive

Negative

56

367

423

24
32

106
261

130
293

9
7

27
340

36
347
Total

pJNK (n)
Positive
130

Total
pAKT
Positive
Negative

17
113

Negative
293
19
274

Positive crosstalk exists between HER2 and JNK in GC
cells

423

[12]

Although a current study
reported that HER2 inhi
bition suppressed JNK activation in HER2-positive
breast cancer cells, the relationship between these
molecules could be different according to cellular
context and cell type. To investigate the direct effect
of HER2 on JNK activation, we performed in vitro
experiments. Since HER2 protein expression in GC cell
lines varied, we selected GC cell lines SNU-216 (Figure
2A-D) and NCI-N87 (Figure 2E-H) showing a high level
[6]
of HER2 expression . To investigate the relationship
between HER2 and JNK in GC cells, we first produced
stable cell lines infected with lentiviral particles
containing non-targeting (control) or HER2-targeting
shRNA. Western blot (Figure 2A and E) confirmed
that HER2 shRNA overexpression downregulated
HER2 activation (manifested by pHER2 expression)
and expression in both cell lines. HER2 silencing
also decreased JNK activation (manifested by pJNK
expression), but not expression. Additionally, double
immunofluorescence staining for HER2 and pJNK were
performed (Figure 2B and F). In both cell lines, control
shRNA cells showed immunofluorescence for HER2 at
the plasma membrane (red) and pJNK staining in the
nucleus (green). In contrast, cells with HER2 silencing
showed reduced immunofluorescence for both HER2
and pJNK compared to the control cells.
Next, we examined whether JNK has a role in HER2
activation and expression. Western blot and RT-PCR
(Figure 2C and G) showed that protein expressions of

36
387

a

P value was statistically significant. HER2: Human epidermal growth
factor receptor 2; pJNK: Phospho-Thr183 and Tyr185-c-Jun N-terminal
kinase; pAKT: Phosphor-Ser473-protein kinase B.

For cell culture experiments, data were analyzed using
GraphPad Prism software for Windows 7 (version 4;
GraphPad Software, San Diego, CA, United States),
and the significances of the results were determined
by the two-tailed Student’s t-test. P values of < 0.05
were considered statistically significant for all statistical
analyses.

RESULTS
HER2, pJNK and pAKT are positively correlated with
each other in GC specimens

To investigate the association between HER2, JNK
and AKT in human GC, immunohistochemical tissue
array analysis of 423 human GC specimens was
performed. Figure 1 shows the representative findings
of the immunohistochemical stainings. Cancer cells
with membranous HER2 expression were considered
to exhibit HER2 activation, and those with nuclear
staining of pJNK, regardless of cytoplasmic staining,
were considered to exhibit JNK activation. For pAKT
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Figure 2 Relationship between HER2 and JNK in SNU-216 and NCI-N87 cells. A, B, E and F: Cancer cells were infected with a lentivirus containing either
control shRNA (shCtrl) or HER2 shRNA (shHER2); A, E: Protein expressions of pHER2, HER2, pJNK and JNK were determined by Western blot; B, F: Double
immunofluorescence staining for HER2 (red, arrows) and pJNK (green, asterisks) was performed. Cell nuclei were visualized by DAPI staining (blue). Original
magnification, × 400; C, D, G, H: Cells were treated with either DMSO (vehicle control) or SP600125 (SP); C, G: Protein expressions of pJNK, pHER2 and HER2 were
determined by Western blot (WB) and HER2 mRNA expression was determined by semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR); D, H:
Double immunofluorescence staining for pJNK (green, asterisks) and HER2 (red, arrows) was performed. Cell nuclei were visualized by DAPI staining (blue). Original
magnification, × 400.

pHER2 and HER2 as well as HER2 mRNA expression
were substantially decreased by SP600125 treatment.
Consistently, immunofluorescence staining (Figure 2D
and H) revealed that SP600125-treated cells showed
faint stainability for both pJNK and HER2 compared
to DMSO control cells. Taken together, these results
indicate that JNK controls and is controlled by HER2
with a positive relationship.

E-cadherin enhanced, whereas the expressions
of mesenchymal markers Snail, Vimentin and
MMP9 reduced. To further confirm these results,
immunofluorescence staining was performed. Since
actin-dependent membrane protrusions are regarded
[26]
as a critical determinant of EMT , we examined
actin organization. Staining of F-actin with fluorescein
isothiocynate-conjugated phalloidin revealed that
SP600125 treatment induced apparent changes
in actin organization, leading to the loss of many
filopodia-like cellular projections shown in DMSO
control cells (Figure 3C and F).

Pharmacological JNK inhibition decreases migration,
invasion and EMT of HER2-positive GC cells

To evaluate the effect of JNK on the metastatic
potential of HER2-positive GC cells, Transwell assay
was performed. Figure 3A shows that SP600125
treatment for 48 h significantly suppressed the cancer
cell migration (by 43%, P = 0.0288) and invasion
(by 39%, P = 0.005) of SNU-216 cells compared to
DMSO control cells. Consistent results were shown in
NCI-N87 cells (Figure 3D).
In the initial steps of metastasis of carcinoma
cells, epithelial cancer cells change their phenotype
to mesenchymal phenotype and become motile and
[25]
invasive by a process called EMT . To examine
whether JNK activation is related to EMT phenotype
of cancer cells, Western blot (Figure 3B and E) was
performed. After SP600125 treatment for 24 h, the
expression of the representative epithelial marker
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Pharmacological JNK inhibition combined with HER2
shRNA transfection exerts an additive effect on the
metastatic potential

The above results indicate that JNK enhances
metastatic potential and that positive crosstalk exists
between HER2 and JNK in GC cells. To investigate
whether the combination of JNK and HER2 has an
additive effect on GC cell metastasis, we performed
dual inhibition of these molecules. Western blot
showed that combination of HER2 downregulation and
SP600125 treatment induced lower protein expressions
of pHER2 and pJNK than individual inhibitions (Figure
4A and D). Consistently, cell migration assay using
SNU-216 cells (Figure 4B) showed that SP600125
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Figure 3 Effect of pharmacological inhibition of JNK on cell migration, invasion, EMT marker expressions and actin cytoskeleton organization. SNU-216
and NCI-N87 cells were treated with either DMSO or SP600125 (SP). A, D: Cell migration and invasion were analyzed by Transwell assay followed by cell viability
assessment using the crystal violet assay. Representative images of migrated/invasive cells taken 48 h after plating into a transwell insert are on the upper, and the
quantification of migrated/invasive cells is on the lower. Results were calculated as percentages relative to DMSO vehicle control. Data are expressed as mean ±
SD (n = 4 per each group). aP < 0.05 vs DMSO vehicle control; B, E: EMT marker expressions were determined by Western blot; C, F: The organization of the actin
cytoskeleton was determined by immunofluorescence staining. Alexa Fluor 633-conjugated phalloidin was used to visualize F-actin (red), and DAPI staining (blue)
was used for visualization of cell nuclei. Arrows indicate the FITC-labelled filopodia-like projections. Photographs were taken with a fluorescence microscope. Original
magnification, × 400.

treatment decreased cell motility by 49%, and HER2
downregulation by 47% compared to control cells.
Dual inhibition of HER2 and JNK further decreased
cell motility by 61% compared to control cells. Similar
results were shown in the invasion assay (by 63% in
cells with dual inhibition compared to control cells)
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(Figure 4C). Consistent results were shown in the
experiments using NCI-N87 cells (Figure 4E and F).

JNK activation is regulated by AKT activation in HER2positive GC cells

In GC, AKT has also been previously described as a
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Figure 4 Combined effects of HER2 silencing and JNK inhibition on metastatic potential. SNU-216 and NCI-N87 cells were infected with a lentivirus containing
either control shRNA (shCtrl) or HER2 shRNA (shHER2) followed by treatment with either DMSO or SP600125 (SP). A, D: After treatment with SP for 24 h, protein
expressions of pHER2 and pJNK were determined by Western blot; B, E: After treatment with SP for 48 h, cell migration was evaluated by Transwell migration assay; C,
F: After treatment with SP for 48 h, invasion was evaluated by cell invasion assay. Results were calculated as percentages relative to control cells. Data are expressed
as mean ± SD (n = 4 per each group). aP < 0.05 vs control cells.

downstream effector of HER2 and becomes upregula
[27,28]
ted in response to HER2 oncogene activation
.
Therefore, we investigated whether AKT is involved
in HER2/JNK pathway in GC cell lines SNU-216 and
NCI-N87. Our data showed that AKT activation
decreased in HER2 shRNA transfectants compared to
control shRNA transfectants (Figure 5A and E).
Next, we observed the correlation between JNK
and AKT in these cells. Western blot showed that
SP600125 treatment did not change AKT activation
manifested by pAKT expression (Figure 5B and F).
In contrast, AKT inhibition by treatment with a PI3K/
AKT inhibitor LY294002 decreased JNK activation
in both cell lines (Figure 5C and G). These results
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were confirmed by dual inhibition of AKT and JNK
(Figure 5C and G). These data indicate that AKT is
an upstream effector of JNK in HER2/JNK pathway
in relation to metastatic potential of HER2-positive
GC cells. Additionally, we examined the effect of AKT
inhibition on the EMT marker expressions (Figure 5D
and H). Western blot showed that LY294002 treatment
increased E-cadherin expression but decreased Snail
expression, which demonstrated that AKT increases
mesenchymal phenotype.

JNK and AKT co-operatively induce migration of HER2positive GC cells

To determine the combined effect of JNK and AKT on
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Figure 5 Association between AKT and JNK as well as EMT marker expressions in SNU-216 and NCI-N87 cells. Western blot was performed to determine
protein expressions of pHER2, pAKT, E-cadherin, Snail and pJNK. A, E: Cells were infected with a lentivirus containing either control shRNA (shCtrl) or HER2 shRNA
(shHER2); B, F: Cells were treated with either DMSO or SP600125 (SP); C, G: Cells were treated with LY with or without SP; D, H: Cells were treated with either
DMSO or LY294002 (LY).

the metastatic potential of HER2-positive GC cells,
Transwell migration assay was performed (Figure 6A
and B). We found that cell migration capacity was
significantly suppressed by treatment with either
LY294002 (by 46% in SNU-216 cells and by 50% in
NCI-N87 cells) or SP600125 (by 45% in SNU-216
and NCI-N87 cells). Dual inhibition of both JNK and
AKT led to greater inhibition of migration (by 80%
in SNU-216 cells and by 79% in NCI-N87 cells) than
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single molecule inhibition.

Both JNK and AKT increased cell growth of HER2positive GC cell lines

Since cell proliferation and survival affects the results
of cell migration and invasion, we examined the effect
of treatment with either SP600125 (Figure 7A and
C) or LY294002 (Figure 7B and D) on the growth
of SNU-216 and NCI-N87 cells. We found that both
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cancer treatment. In GC, the pivotal role of HER2
[6,29]
metastasis has been shown
, but not much is
known about the downstream effectors in this process.
Although most studies have implicated AKT and ERK
as promising therapeutic targets for HER2-positive
[27,28,30]
tumors
, JNK, especially in breast cancer, is now
emerging as an important molecule in HER2 signaling

inhibitors suppressed cell growth of these cell lines
compared to DMSO (vehicle) control.

DISCUSSION
Understanding the oncogenic signaling pathways may
lead to the development of therapeutic strategies for
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[11,12]

pathways
. In the present study, we found positive
associations between HER2, JNK and AKT in terms of
GC metastasis. This is the first study, to the best of our
knowledge, to show the associations between JNK and
HER2/AKT pathway in GC.
In the present study, immunohistochemical tissue
array analysis of 423 GC specimens demonstrated
constitutive activation of HER2 (14%), JNK (31%) and
AKT (8%), which were positively related with each
other. In addition, cell culture experiments using HER2positive GC cell lines SNU-216 and NCI-N87 showed
that HER2 silencing by RNA interference reduced JNK
activation (manifested by pJNK expression), but not
JNK expression. On the other hand, pharmacological
inhibition of JNK reduced not only HER2 activation
(manifested by pHER2 expression) but also HER2
protein and mRNA expressions. These results indicate
that there is a positive reciprocal regulatory loop
between HER2 and JNK, and that JNK increases HER2
expression at the transcriptional level, possibly through
the regulation of the transcription factor. To the best
of our knowledge, this is the first report on crosstalk
between HER2 and JNK in the regulation of human
cancer cells, including GC cells.
The inter-relationship between the PI3K and MAPK
[30]
pathways is complex and incompletely understood .
Although we previously found that both JNK and AKT
[20]
are overexpressed in GC tissue specimens , the
relationship between these two molecules in GC has
not been reported. In the present study, we found a
positive association between the activations of JNK and
AKT in human GC tissue specimens. In addition, cell
culture experiments showed that treatment of HER2positive GC cells with a PI3K/AKT inhibitor LY294002
decreased JNK activation, whereas JNK did not
modulate AKT activation. Since HER2 downregulation
suppressed AKT activation, it seems that HER2
inhibited JNK activation in GC cells through PI3K/AKT
signaling.
In the present study, we found that pharmacological
inhibition of JNK decreased the expressions of Snail,
Vimentin and MMP9, but increased the expression of
an epithelial marker E-cadherin. Moreover, SP600125
treatment decreased cancer cell migration and in
vasion. Since similar effects on EMT were induced
[6]
by both HER2 and AKT, our results indicate that
both JNK and AKT might contribute to malignant
progression, including metastasis and drug resistance,
of HER2-positive GC cells.
Although targeted therapies may increase patient
selectivity and treatment efficacy, mostly their effects
are not durable when they are used alone. For this
reason, combination therapies are often needed for
effective treatment of malignant tumors. In the present
study, we found that treatment with either SP600125
or LY294002 significantly reduced metastatic potential
of HER2-positive GC cells to the similar level, and that
co-treatment with both of these inhibitors induced a
further decrease compared to treatment with either
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alone. Thus, our findings suggest that combined
targeting of JNK and AKT significantly impairs GC
cell migration in concert with HER2 downregulation.
However, additional animal experiments to evaluate
these inhibitions are needed.
In the present study, we found that either inhibition
of JNK/AKT suppresses cell growth in both HER2positive GC cell lines. Thus, JNK/AKT-induced cell
growth of these cell lines might affect the results of
cell migration and invasion assays observed in the
present study. However, our results also indicate
that inhibition of JNK/AKT decreases mesenchymal
phenotype in individual GC cells based on the EMT
marker expressions. Thus, we speculate that JNK/
AKT contributes to metastatic potential as well as cell
growth of HER2-positive gastric cancer cells.
In conclusion, our results showed that JNK and
AKT are co-expressed in a subset of HER2-positive
GC cases, and that HER2, JNK and AKT are positively
associated with each other. In addition, inhibition of
either JNK or AKT decreased cancer cell motility of
HER2-positive GC cells through reversing EMT. Since
dual inhibition of JNK and AKT induced more profound
effect on cancer cell motility, combined targeting of
these molecules might be used to regulate the GC
metastasis in a subgroup of GC patients.
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Conflict-of-interest statement: None of the authors has a
conﬂict of interest.
Informed consent statement: Due to the nature of the study
design, no direct contact of participants was required. The
informed consent was waived by Sir Charles Gairdner Hospital
Human Research Ethics Committee.

METHODS
A retrospective cohort study of patients who received a
liver transplantation was performed in Perth, Australia
from 1992 to 2012. Donor and recipient characteristics
information were extracted from Western Australian
liver transplantation service database. Patients were
followed up for a mean of six years. Patient and graft
survival were evaluated and compared between patients
who received a local donor liver and those who received
an airplane transported donor liver. Predictors of
survival were determined by univariate and multivariate
analysis using cox regression.
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Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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licenses/by-nc/4.0/
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and New Zealand. The shortest transport distance was
from Adelaide (2140 km) and the longest was from
Auckland (5364 km) and this is similar to that between
Dallas and Los Angeles and Nuuk (Greenland) and Los
Angeles respectively.
It is well established that the cold ischemic time
(CIT) has a major effect on donor organ quality and
graft survival following liver transplantation and most
transplant centres attempt to maintain the CIT less
[1]
than12 h . One study found that air transport of
donor livers for more than 322 km increased CIT and
decreased graft survival and it was recommended that
long distance transport be avoided if other adverse
[2]
donor risk factors were present . The donor risk
index and other donor risk models that have been
developed to predict short term graft survival have
used a variety of donor factors that include donor
age, body mass index (BMI), time in Intensive Care
Unit, use of inotropes, hypernatremia, cause of death,
liver function tests, pre-existing donor liver disease,
warm ischaemic time, CIT, MELD score and location of
[3-7]
donor . Interestingly, none have analysed if the type
of transport used to transfer the organ could add to
the utility of the model. Airplane transport is commonly
used for long distance donor liver transportation, but
its unique conditions such as low cabin pressure (0.7
Atm), reduced partial pressure of oxygen, acceleration
and deceleration forces and engine vibrations have the
potential to cause damage to donor organs.
The geographic isolation of Perth allows a unique
opportunity to evaluate the effect of long distance
airplane transport of donor livers on graft and patient
survival. The aim of this study was firstly to evaluate
the association between airplane donor liver transport
distance and CIT and secondarily determine the effects
of liver transport type on graft and patient survival.

local donor liver and 93 patients received an airplane
transported donor liver. Airplane transported livers had
a significantly lower alanine transaminase (mean: 45 U/L
vs 84 U/L, P = 0.035), higher donor risk index (mean:
1.88 vs 1.42, P < 0.001) and longer cold ischemic time
(CIT) (mean: 10.1 h vs 6.4 h, P < 0.001). There was a
2
weak correlation between CIT and transport distance (r
= 0.29, P < 0.001). Mean follow up was six years and
93 patients had graft failure. Multivariate analysis found
only airplane transport retained significance for graft loss
(HR = 1.92, 95%CI: 1.16-3.17). One year graft survival
was 0.88 for those with a local liver and was 0.71 for
those with an airplane transported liver. One year graft
loss was due to primary graft non-function or associated
with preservation injury in 20.8% of recipients of an
airplane transported liver compared with 4.6% in those
with a local liver (P = 0.027).
CONCLUSION
Airplane transport of donor livers was independently
associated with reduced graft survival following liver
transplantation.
Key words: Airplane transportation; Cold ischemic time;
Graft survival; Donor location; Organ damage
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study demonstrated a significantly
decreased graft and patient survival for patients who
received an airplane transported donor liver compared
to a local donor liver not requiring airplane transport.
The hazard ratio for airplane transported donor livers
compared to local donor livers was 1.98 for graft
survival and 1.86 for patient survival. The effect
of airplane transportation was independent of cold
ischemic time.

MATERIALS AND METHODS

Huang Y, MacQuillan G, Adams LA, Garas G, Collins M, Nwaba
A, Mou L, Bulsara MK, Delriviere L, Jeffrey GP. Effect of airplane
transport of donor livers on post-liver transplantation survival.
World J Gastroenterol 2016; 22(41): 9154-9161 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i41/9154.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i41.9154

286 patients who had a liver transplant (LT) performed
by the Western Australian liver transplant service, Sir
Charles Gairdner Hospital from 1992 to 2012 were
included. All patients received a donation after brain
death donor liver. Exclusion criteria included living
donor liver transplantation.

Donor organ retrieval

INTRODUCTION

Donor livers were preserved in cold (4 ℃) UW solution,
sealed in two plastic bags and placed in an insulated
cooler that contained a slurry of iced water (Figure
1). All Western Australian donor liver retrievals were
performed in Perth. Ventilated patients in regional
areas of Western Australia are transferred by the Royal
Flying Doctor Service to Perth and only Perth based
intensive care units will declare brain death. Interstate
donor liver retrieval is performed by the regional donor
team. The cold stored donor livers are transported by
commercial flights (passenger or freight) in the cabin.
Charter jets are rarely used due to the expense.

The combination of the large geographic area of
Western Australia and relatively small and centralised
population has resulted in the need for donor livers
to be transported by airplane over long distances.
Australian donor allocation policy is based on a regional
(state) and national model. Sharing between regions
is mandatory for urgent patients and for non-urgent
patients sharing occurs when there is no suitable local
recipient. As a result a significant number of patients
in Perth have received a long distance airplane
transported donor liver from other states in Australia

WJG|www.wjgnet.com
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Figure 1 Donor liver preservation for airplane transport.

Data source

RESULTS

Clinical data were prospectively recorded and retro
spectively extracted from the Western Australian liver
transplantation service database. Donor factors collected
were regional area of donation, history of airplane
travel, age, gender, weight, height, liver function test
[alanine transaminase (ALT), aspartate transaminase
(AST), bilirubin and alkaline phosphatase(ALP)], blood
type, CIT, cause of death, past cytomegalovirus (CMV)
infection, smoking/drinking history. The donor risk index
(age, cause of death, race, partial/split liver, height,
CIT, regional/national share and donation after cardiac
[3]
death) was also calculated . Recipient factors collected
were age, gender, race, weight, height, blood type,
MELD score, LT indication, past CMV infection. Followup was performed at Sir Charles Gairdner Hospital on
all patients till death, re-transplantation or December
2012. The study was approved by the Sir Charles
Gairdner Hospital Human Research Ethics Committee.

Two hundred and eighty-six patients were included:
193 (67%) patients received a local donor liver and
93 (33%) patients received a donor liver airplane
transported from other states in Australia or New
Zealand. Donor and recipients characteristics are
shown in Table 1. Local and airplane transported
donor livers were well matched for factors that are
known to affect graft and patient survival following
liver transplantation. Airplane transported donor livers
had a lower mean ALT level (45 U/L vs 84 U/L, P =
0.035) and a higher mean donor risk index (1.88 vs
1.42, P < 0.001). There was a trend for less alcohol
use in airplane transported donor livers but this was
non-significant. Recipients who received an airplane
transported donor liver were significantly younger than
those who received a local donor liver (50 years vs 47
years, P = 0.019), had a higher mean MELD score (18.2
vs 14.5, P = 0.0007) and more often had acute liver
failure (16.1% vs 2.6%, P < 0.001).
Local donor livers had a significantly shorter mean
CIT of 6.4 h vs 10.1 h for airplane transported livers
(P < 0.001). Only 4% of local donor livers had a CIT
≥ 12 h compared to 24% of airplane transported
livers. Livers transported from the central states (South
Australia, Northern Territory) had a mean CIT of 9.0
h and those from the eastern states (Queensland,
New South Wales, Victoria, Tasmania) had a sig
nificantly longer mean CIT of 10.7 h (P = 0.01).
Linear regression analysis found that CIT significantly
increased with transport distance with a coefficient of
1.3 (95%CI: 1.1-1.6) per 1000 km, P < 0.001 (Figure
2). However the correlation was poor with a model fit
(R square value) of 0.295, indicating that other factors
apart from transport distance affected CIT. Some of
these included availability of commercial flights, flight
delays and flight diversions.
Recipients were followed after LT for a mean of 6
years (range: 0.1-19 years). 93 (33%) developed graft
failure, 15 (5%) had a repeat LT and 78 (27%) died.
The one and 5-year graft survival was 83% and 73%
and patient survival was 86% and 76% respectively.

Endpoints and statistical analysis

The primary endpoints were graft and patient survival.
Primary graft non-function was defined as severe and
immediate liver dysfunction that lead to death of the
patient or re-transplantation during the first seven
[8]
postoperative days . Primary graft dysfunction was
defined as transaminases > 2000 U/L immediately
[9]
post-LT . Early graft failure was associated with
primary graft dysfunction or progressive deterioration
of liver function tests from the time of transplantation.
Continuous variables were expressed as mean and
standard deviation. Mean values between groups were
compared using the t test. Categorical variables were
expressed as count and percentages. Percentages
2
were compared using the χ test. The correlation
between transport distance and CIT was assessed
using linear regression analysis. Survival was assessed
using Kaplan Meier curves and significance determined
by the log rank test. Predictors of survival were
determined by univariate and multivariate analysis
using cox regression. Two sided P values of < 0.05
were considered significant.
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Table 1 Patient characteristics

Donor characteristics
Age (yr)
Gender-male/female
Height (cm)
Weight (kg)
BMI
Bilirubin (µmol/L)
ALP (U/L)
AST (U/L)
ALT (U/L)
Smoker
Etoh drinker
CMV positive
Cause of Death - trauma/
cerebrovascular
accident/anoxia/other
Donor risk index
Recipient characteristics
Age (yr)
Gender-male/female
Non-Caucasian
MELD score
Height (cm)
Weight (kg)
BMI
CMV positive
Transplant indication
Acute liver failure/
chronic liver disease
Transplant factors
CIT (h)
ABO incompatible

Local liver
Airplane liver
transport (n = transport (n =
193)
93)
41 (16.8)
55%/45%
171 (11.5)
77 (17.4)
26 (7.5)
15 (8.1)
78 (35.4)
70 (84.9)
84 (167.6)
63%
82%
57%
37%/52%
/9%/2%

44 (14.8)
56%/44%
172 (9.3)
77 (13.4)
26 (4.2)
14 (9.0)
80 (35.8)
62 (69.2)
45 (45.8)
64%
69%
63%
25%/67%
/7%/1%

P value

Cold ischemic time (h)

Characteristics

0.23
0.87
0.74
0.96
0.66
0.38
0.73
0.52
0.035
0.94
0.07
0.421
0.129

20
15
10
5
0
0

2000

1.88 (0.43)

< 0.0001

50 (10.8)
72%/28%
19%
14.5 (7.7)
171 (9.7)
78 (15.7)
27 (4.5)
61%
2.6%/97.4%

47 (13.4)
63%/37%
22%
18.2 (10.2)
171 (8.2)
75 (16.2)
26 (4.7)
65%
16.1%/83.9%

0.019
0.175
0.53
0.0007
0.65
0.08
0.21
0.58
< 0.001

Patient survival
1.00
Local liver

0.75
0.50

Airplane transported liver

0.25
0.00

P = 0.003
0

10.1 (2.9)
3.8%

Number at risk
Local liver
193
Airplane
93
transported liver

< 0.001
1.00

Age, height, weight, BMI, bilirubin, ALP, AST, ALT, MELD score, cold
ischemia time and donor risk index were expressed as mean (standard
deviation). Other variables were expressed as percentage. Donor
allocation, gender, recipient age, gender, transplant indication was
available in all patients, Missing data count: donor factors: age: 1; BMI: 50;
Bilirubin: 51; ALP: 58; AST: 110; ALT: 54; Smoking history: 113; Drinking
history: 107; CMV infection: 19; Cause of death: 24; Donor risk index:
54; Recipient factors: race: 6; MELD score: 5; BMI: 28; CMV infection: 20;
Transplantation factors: CIT: 3; Blood type: 27.

B

5

10
Follow up time (yr)

15

20

92

37

15

0

38

23

10

0

Graft survival
1.00
0.75

Local liver

0.50
Airplane transported liver

0.25

Univariate analysis found that airplane donor trans
port and long CIT were significantly associated with
worse graft survival and patient survival (Table 2).
After adjusting for potential confounders (donor
and recipient age, donor and recipient gender, CIT,
transplant indication), multivariate analysis found
that only airplane donor transport was significantly
associated with decreased graft and patient survival
(Table 2). The hazard ratio for airplane transported
donor livers compared to local donor livers was
1.98 (95%CI: 1.20-3.27) for graft survival and 1.86
(95%CI: 1.07-3.22) for patient survival. Recipients
with airplane transported livers had significantly worse
graft survival (P = 0.0005) and patient survival (P =
0.003) than those who received a local liver (Figure 3).
One year and five year graft survival was 0.88 and 0.79
for those with a local liver and was 0.71 and 0.61 for
those with an airplane transported liver. One year and
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Figure 2 Correlation between cold ischemic time and liver transport distance.

A

1.42 (0.35)

6.4 (2.8)
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4000
  Distance (km)

0.00
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Figure 3 Post-transplantation outcome for recipient with local liver and
those with airplane transported liver. A: Patient survival; B: Graft survival.

five year patient survival was 0.91 and 0.81 for those
with a local donor liver and was 0.76 and 0.66 for
those with an airplane transported liver. The significant
reduction in graft survival for recipients with an
airplane transported liver was observed immediately
after liver transplantation with graft loss within seven
days of 8.6% (8/93) compared to 1% (2/193) for
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Table 2 Predictors for patient survival and graft survival
HR, 95%CI, P value

Factors
Patient death
Cold ischemic time
Airplane transport liver vs local liver

Graft loss

Univariate

Multivariate

Univariate

Multivariate

1.07 (1.002-1.14)
P = 0.041
1.95 (1.25-3.04)
P = 0.003

1.04 (0.96-1.13)
P = 0.300
1.86 (1.07-3.22)
P = 0.027

1.07 (1.01-1.14)
P = 0.018
2.03 (1.35-3.05)
P = 0.001

1.04 (0.96-1.11)
P = 0.348
1.98 (1.20-3.27)
P = 0.008

Donor age, donor gender, recipient age, recipient gender, cold ischemic time, transplant indication and donor liver transport were included in multivariate
analysis.

central states compared with the eastern states, P =
0.88 and 0.93 respectively.

Table 3 Cause of graft loss within one year and primary graft
dysfunction rate n (%)
Local liver
transport (n =
22)
Cause of graft loss
Primary graft nonfunction
Early graft failure
MOF due to sepsis
others
Primary graft
dysfunction

Airplane liver
transport (n =
26)

P value

DISCUSSION
In this longitudinal study, we found that airplane
transport of donor liver organs was associated with
significantly reduced patient and graft survival indepen
dently of CIT and donor and recipient characteristics.
Donor characteristics were well matched in local and
airplane transported liver groups apart from a lower
mean ALT level and the expected longer CIT in the
airplane transported liver group. The lower ALT level in
this group is likely due to a better quality donor liver
being accepted because of the added risk of interstate
airplane transport. Recipient characteristics differed in
that there were an increased proportion of acute liver
failure recipients and a higher MELD score in those
that received an airplane transported liver. National
mandatory donor sharing accounted for 75% of all
donor livers being transported by airplane for this
urgent indication.
There was a weak but significant correlation
between donor transport distance and CIT. CIT in
creased by 1.3 h for each additional 1000 km of
flight distance. Clearly other transport related factors
apart from transport distance influenced CIT and
these included delays in ground transport to and from
airports, delayed airplane departures and increased
flight times. On one occasion Perth airports closed
due to adverse weather conditions and caused a flight
diversion. These delays become more significant in
that surgery may be commenced prior to arrival of the
donor organ in an attempt to reduce CIT.
Overall graft and patient survival were excellent
and not different from those reported by the Trans
plantation Society of Australia and New Zealand
[10]
for transplantation during this period . There was
however a significantly reduced graft and patient
survival in recipients that received an airplane
transported donor liver. For those who received a local
donor the one year graft and patient survival was 88%
and 91% respectively compared to 71% and 76%
respectively for those with an airplane transported
liver. The increased graft loss in airplane transported
livers was evident early within seven days after LT

0.027
1 (4.6)

3 (11.5)

0 (0)
5 (22.7)
16 (72.7)
1 (4.6)

5 (19.3)
9 (34.6)
9 (34.6)
10 (38.5)

0.006

MOF: Multi-organ failure.

those with local livers (P = 0.02). This difference in
graft survival increased until one year post-transplant
(28% vs 11.4% respectively, P = 0.001) and then
was maintained until the end of follow up. Primary
graft non-function and early graft failure associated
with preservation injury accounted for 20.8% of graft
loss within the first year in those with an airplane
transported liver and only for 4.6% for those with a
local liver (P = 0.027) (Table 3). The primary graft
dysfunction rate was also significantly higher in
recipients with an airplane transported liver than those
with a local liver (38.5% vs 4.6%, P = 0.006) (Table 3).
Analysis of survival stratified by CIT (CIT ≥ 12 h,
CIT < 12 h) found that airplane donor liver transport
was significantly associated with decreased graft
survival in both groups (P = 0.032 and P = 0.004
respectively) (Figure 4). Stratification by cause of liver
failure found a significant reduction of graft survival for
airplane transported livers in recipients with chronic
liver disease (P = 0.002) but not for recipients with
acute liver failure (P = 0.243) (Figure 4). The nonsignificant difference for acute liver failure was possibly
due to small numbers (n = 20) and lack of statistical
power. For those patients transplanted for chronic
liver disease, further stratification analysis by MELD
score (MELD ≥ 20, MELD < 20) found a significant
correlation between airplane transported liver and
graft survival in both groups (P = 0.013 and P = 0.019
respectively). Finally there was no significant difference
in graft or patient survival when comparing recipients
who received an airplane transported liver from the
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A

B

CIT ≥ 12 h

CIT < 12 h

1.00

1.00
Local liver

0.75
0.50

0.50

0.25

0.25

0.00

Number at risk
Local liver
Airplane
transported liver

Airplane transported liver

P = 0.0318

0.00

0

5

10
Follow up time (yr)

15

20

8

6

5

3

0

22

10

4

1

0

C

0
Number at risk
Local liver
183
Airplane
70
transported liver

0.75

0.50

0.50

Number at risk
Local liver
Airplane
transported liver

Airplane transported liver

0.00

0

5

10
Follow up time (yr)

15

20

5

2

1

0

0

4

2

1

0

15

E

15

20

86

32

12

0

28

19

9

0

Local liver

0.25

P = 0.2429

  

10
Follow up time (yr)

Chronic liver disease

0.75

0.00

5

1.00

Local liver

0.25

Airplane transported liver

P = 0.0042

D

Acute liver failure
1.00

Local liver

0.75

Airplane transported liver

P = 0.002
0

Number at risk
Local liver
188
Airplane
78
transported liver

5

10
Follow up time (yr)

15

20

90

36

15

0

34

21

9

0

F

MELD ≥ 20
1.00

MELD < 20
1.00

Local liver

0.75

0.75

0.50

0.50

0.25

0.25

Local liver

Airplane transported liver

0.00

Airplane transported liver

P = 0.013
0

Number at risk
Local liver
35
Airplane
26
transported liver

0.00
5

10
Follow up time (yr)

11
7

3
2

15
2
1

20
0
0

P = 0.019
0

Number at risk
Local liver
149
Airplane
51
transported liver

5

10
Follow up time (yr)

78

32

15

20

12

0

8

0

  

27

19

Figure 4 Graft survival curves after stratification. A: Recipients with cold ischemic time (CIT) ≥ 12 h; B: Recipients with CIT < 12 h; C: Recipients transplanted for
acute liver failure; D: Recipients transplanted for chronic liver disease; E: Recipients transplanted for chronic liver disease and with MELD score ≥ 20; F: Recipients
transplanted for chronic liver disease and with MELD score < 20.

with the maximum difference observed after one year.
Moreover, primary graft non-function and early graft
failure accounted for 28% of all graft loss in the first
year for recipients with an airplane transported liver
compared with 4.6% in those with a local liver. This
suggested a role of graft damage during transportation
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for recipients with an airplane transported liver.
Airplane transport was the only factor that was
independently associated with either graft survival
or patient survival. Univariate analysis found CIT
was associated with both end-points but this did not
maintain significance in multivariate analysis. After
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stratifying graft survival results for livers that had CIT
≥ 12 h or < 12 h; for recipients with a MELD ≥ 20
or < 20 and for recipients transplanted for chronic
liver disease, there remained a significant difference
between airplane transported and local donor livers.
This further confirmed the independent effect of
airplane transportation on graft survival. Other donor
risk factors such as pre-existing liver disease, the
use of inotropes, hypernatremia and warm ischemia
time were not available for analysis in this study. It
is unlikely that these factors varied between groups.
It is also unlikely that donor organ retrieval by the
other states contributed to the worse graft survival
as all donor procurement surgery was performed by
experienced surgical teams that also perform the
service for each of the home states. Others have
shown that non-local organ procurement had no effect
[11]
on graft survival . Future studies that include these
clinical factors are of great interest.
Up to date, this is the only study that has evaluated
the effect of airplane transport on post-transplantation
survival. Two large studies from the US and European
found that distant donor location (local vs reginal vs
national) was independently associated with decreased
[3,7]
survival after adjusting for CIT . This decreased
graft survival was potentially due to damage of the
donor liver caused by airplane transport. In the
current environment where donor sharing across a
large geographical area is increasing, further clinical
and laboratory investigation is needed to determine
the potential mechanism of the damage caused by
airplane transport and search for possible solutions.
Airplane transport has a number of well documented
environmental effects that have the potential to cause
damage to cold stored donor livers. Cabin pressure
is routinely maintained at approximately 8000 ft
which is equivalent to approximately 0.7 Atm. The
direct and indirect effects of this pressure change on
the isolated organ with tissue swelling and bubble
expansion in preservation fluid both have the potential
[12]
to adversely affect graft quality . The decreased
partial pressure of oxygen to 108 mmHg is less likely
to affect the donor liver because cellular metabolism at
4 ℃ is negligible. Direct trauma from the walls of the
container and acceleration and de-acceleration forces
could also damage the isolated liver. Finally airplane
engine and other vibrations are well known to cause
tissue damage particularly in the resonance frequency
range for organs of 4-5 Hz.
In summary, this “proof of concept” study demon
strated the significant effect of airplane transportation
of donor livers on post-liver transplantation survival.
Further investigation is required to determine the
mechanism of organ damage in airplane transported
livers. However in the meantime it would seem prudent
to minimise donor liver trauma and atmospheric
pressure change effects by transporting isolated organs
in a pressure sealed cooler that has an appropriate
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organ harness and that is isolated from floor vibrations.
Clearly these observations have similar and important
implications for other donor organs that are transported
by airplane.
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AIM
To evaluate rebleeding, primary failure (PF) and
mortality of patients in whom over-the-scope clips
(OTSCs) were used as first-line and second-line
endoscopic treatment (FLET, SLET) of upper and lower
gastrointestinal bleeding (UGIB, LGIB).

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

METHODS
A retrospective analysis of a prospectively collected
database identified all patients with UGIB and LGIB in
a tertiary endoscopic referral center of the University
of Freiburg, Germany, from 04-2012 to 05-2016 (n
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= 93) who underwent FLET and SLET with OTSCs.
The complete Rockall risk scores were calculated
from patients with UGIB. The scores were categorized
as < or ≥ 7 and were compared with the original
Rockall data. Differences between FLET and SLET
were calculated. Univariate and multivariate analysis
were performed to evaluate the factors that influenced
rebleeding after OTSC placement.

INTRODUCTION
Since the introduction of the Over-the-Scope Clip
®
(OTSC , Ovesco, Tübingen, Germany) in 2006 and
the first clinical experience reported by Kirschniak
[1]
et al in 2007, the spectrum of indications has
extended successively. Currently, the system, which is
characterized by a circular tissue compression, is used
for emergency endoscopy in acute gastrointestinal
bleeding, acute perforation and fistula-closure in the
upper and lower gastrointestinal (GI) tracts. The
reported success rates range between 42% and 100%
[2,3]
depending on the indication .
Particularly with regard to reducing the high risk
of undesirable outcomes, especially rebleeding and
mortality, of upper gastrointestinal bleeding (UGIB)
secondary to peptic ulcer disease and other lesions,
new endoscopic techniques such as the OTSC are
increasingly the focus of interest.
Table 1 gives an overview of the last 9 years of
experience with OTSC treatment of UGIB and lower
[3-16]
non-variceal gastrointestinal bleeding (LGIB)
. The
data were processed to distinguish between first- and
second-line endoscopic treatments (FLET/SLET).
Actually, the published data of OTSC in FLET and
SLET are difficult to compare because of non-uniform
and small sample sizes and the often insufficiently
defined risk profiles of patients.
From recent results, four most important questions
arise: (1) Are FLET and SLET with OTSC actually
comparable in terms of outcomes? (2) Can any in
dependent risk factors be defined with respect to the
rate of rebleeding? (3) Do patients with UGIB and high
Rockall risk scores (≥ 7) benefit from OTSC treatment
with respect to morality compared to those with scores
< 7? and (4) Is the outcome of OTSC in patients with
UGIB comparable to the standard of care (conventional
treatment modalities) regarding rebleeding events and
rebleeding-associated mortality?
Consequently, the present single-center study
retrospectively analyzed the outcome of FLET and SLET
with OTSC in patients with UGIB and LGIB, to elicit
differences in the quality and location of the bleeding
lesions and the application of dual antiplatelet or
anticoagulation drugs. In addition, patients with UGIB
[17]
were categorized by complete Rockall risk score ,
and the data were used to calculate predictors of OTSC
success and mortality.

RESULTS
Primary hemostasis and clinical success of bleeding
lesions (without rebleeding) was achieved in 88/100
(88%) and 78/100 (78%), respectively. PF was
significantly lower when OTSCs were applied as FLET
compared to SLET (4.9% vs 23%, p = 0.008). In
multivariate analysis, patients who had OTSC placement
as SLET had a significantly higher rebleeding risk
compared to those who had FLET (OR 5.3; p = 0.008).
Patients with Rockall risk scores ≥ 7 had a significantly
higher in-hospital mortality compared to those with
scores < 7 (35% vs 10%, p = 0.034). No significant
differences were observed in patients with scores < or
≥ 7 in rebleeding and rebleeding-associated mortality.
CONCLUSION
Our data show for the first time that FLET with OTSC
might be the best predictor to successfully prevent
rebleeding of gastrointestinal bleeding compared to
SLET. The type of treatment determines the success of
primary hemostasis or primary failure.
Key words: Gastrointestinal bleeding; Rockall risk score;
Over-the-scope clip; First-line endoscopic treatment;
Second-line endoscopic treatment
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, the over-the-scope clip
(OTSC) was evaluated for first-line and second-line
endoscopic treatment (FLET, SLET) of high-risk upper
and lower gastrointestinal bleeding. One hundred
OTSCs were applied in 93 patients. Primary hemostasis
and clinical success was achieved in 88% and 78%,
respectively. Statistical analysis shows no significant
influence of anticoagulants on the rebleeding rate.
The total mortality was 21.5%. Primary failure was
significantly reduced by the use of OTSC as FLET (4.9%
vs 23.1%, p = 0.008). This largest single-center data of
OTSC-placement in high-risk GI bleeding published to
date shows, for the first time, that FLET is a significant
predictor of reduced rebleeding (OR = 5.2; p = 0.009).

MATERIALS AND METHODS
The OTSC device

Richter-Schrag HJ, Glatz T, Walker C, Fischer A, Thimme
R. First-line endoscopic treatment with over-the-scope clips
significantly improves the primary failure and rebleeding rates
in high-risk gastrointestinal bleeding: A single-center experience
with 100 cases. World J Gastroenterol 2016; 22(41): 9162-9171
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9162.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9162
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The OTSC device consists of a transparent applicator
cap carrying the circular nitinol clip, a release thread,
a hand wheel and a thread retriever. The applicator
cap can be fixed on the distal end of the endoscope.
The application mechanism is similar to common
endoscopic variceal band-ligation systems. The clip
application can be carried out after the tissue has been

9163

November 7, 2016|Volume 22|Issue 41|

Richter-Schrag HJ et al . OTSC in high-risk gastrointestinal bleeding
Table 1 Data overview of first- and second-line treatment with over-the-scope clips in patients with upper and lower non-variceal
gastrointestinal bleeding (2009-2016)
Ref.

n

Wedi et al[4], 2016

44

Manno et al[3], 2015

40

Manta et al[5], 2013

Primary
success (%)

Patients/clinical
success (n /%)

Follow up,
mean (mo)

Rebleeding, UGIB/LGIB,

n

n

FLET

SLET

31/?

13/?

-

6

41/3

100

40/100

-

1

-

40/0

30

97

-

93.3

1

2

23/7

Kirschniak et al[6], 2011

27

100

27/92.6

-

0.13

2

12/15

Skinner et al[7], 2014

12

100

12/83.4

-

1

2

12

Chan et al[8], 2013

9

100

3/100

6/77.7

2

2

9

Nishiyma et al[9], 2013

9

9/77.7

-

2.2

2

8/1

Baron et al[10], 2012

7

100

-

7/100

1

0

6/1

Albert et al[11], 2011

7

100

-

7/57

1

3

6/1

Repici et al[12], 2009

7

100

3/100

4/100

3

0

3/4

Mönkemüller et al[13],
2014
Alcaide et al[14], 2014

6

100

-

6/100

10

0

6

2

100

-

2/100

-

-

1/1

Jayaraman et al[15], 2013

2

100

2/100

-

2.9

0

0/2

Sulz et al[16], 2014

1

100

1/100

-

-

0

1

85.4

77.8

Design

Single center
Retro
Single center
Retro
Multicenter
Retro
Single center
Retro
Single center
Retro
Single center
Pro
Single center
Retro
Multicenter
Retro
Single center
Pro
Single center
Retro
Multicenter
Retro
Single center
Retro
Single center
Retro
Single center
Pro

Retro: Retrospective; Pro: Prospective.

mobilized in the cap through grasping or suctioning
(Figure 1). The compression force is 7-8 Newtons.
In our hospital, only the traumatic OTSC clip with
sharp teeth is used in sizes of 11 and 14 mm diameter.
The suction method was applied in all cases.

All procedures were performed with propofol
sedation. OTSC was used primarily in cases of acute
UGIB and recurrent UGIB after failure of conventional
endoscopic therapies. The conventional treatment
consisted of single-use or combinations such as
epinephrine (1:10.000 dilution in saline)/fibrin glue
(FG), epinephrine solution/through-the-scope clipping
(TTSC) and thermal contact modalities such as argon
plasma coagulation (APC). If recurrent bleeding
was suspected during the subsequent hospital stay
(hematemesis, melena, lack of increasing hemoglobin
after transfusion, or a drop in hemoglobin of more
than 2 g/dl within 24-h after transfusion or unclear
or unstable cardiovascular parameters and shock),
emergency endoscopy was performed. The procedures
were performed by highly skilled endoscopists of
our interdisciplinary team, using standard Olympus
endoscopes (gastroscope GIF- H180J/XTQ160 and
colonoscope CF-H180, Tokyo, Japan).
Independent of previous conventional treatments,
the indication for OTSC placement was determined by
the endoscopist in charge depending on the individual
situation.

Study design

In this observational, single-center case series, the
data of all patients with UGIB and LGIB who were
®
treated with OTSC (Ovesco Endoscopy GmbH,
Tuebingen, Germany) between April 2012 and May
2016 were obtained from of our prospectively main
tained database and retrospectively analyzed. The data
were evaluated by patient demographics, indications,
previous therapy and secondary treatments after
failure of OTSC placement. The Rockall risk score
was used to categorize patients with UGIB by risk
of recurrent bleeding and mortality. Furthermore,
we calculated total mortality, rebleeding events and
rebleeding-associated mortality in patients with OTSCtreated UGIB compared to patients who received best
standard-of-care (using the original Rockall data)
based on a complete Rockall risk score < or ≥ 7. The
same parameters were calculated from the original
[17]
data published by Rockall and colleagues .
Written informed consent was obtained to the
extent possible in emergency situations.

WJG|www.wjgnet.com

Definitions

The following study endpoints were defined: (1) Primary
hemostasis: No rebleeding immediately after OTSC
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E

9.7 mm

6 mm

for endoscope diameters of
8.5-11 mm

A

OTSC system Set 11/6

C
B

13.2 mm

D
6 mm

for endoscope diameters of
11.5-14 mm

OTSC system Set 14/6

Figure 1 Details of the over-the-scope clip-system. A: Applicator cap with clip; B: Thread retriever; C: Thread; D: Hand wheel; E: Dimensions and cross-section of
the applicator cap (without clip), sizes used in the present study.

placement; (2) Primary failure: Continued bleeding after
OTSC placement; (3) Rebeeding: In-hospital rebleeding
after primary hemostasis with OTSC; (4) Clinical
success: Having no primary failure and no in hospital
rebleeding; (5) Technical success: Successful placement
of the OTSC on the target lesion; (6) Mortality (no
rebleed): Mortality of patients without rebleeding after
OTSC placement; (7) Mortality (rebleeding): Mortality
of patients with continued bleeding or rebleeding
after OTSC placement and rebleeding; and (8) Total
Mortality: Total in-hospital mortality.
The number of OTSC clips used per patient was
evaluated as well as adverse events due to the OTSC
application. Secondary complications that had no effect
on the primary result were not considered treatment
failures.

analysis. Categorical variables are given as absolute
and relative frequencies; differences were evaluated
by Fisher’s exact test. The Fisher exact test tends to
be employed instead of Pearson’s chi-square test when
sample sizes are small (calculation of the Freiburg vs
the Rockall patient population, respectively). Univariate
2
analysis was performed by using the χ test. Quantitative
values are expressed as medians with interquartile
range (IQR), and differences were measured using
the Mann-Whitney-U-test or Kruskal-Wallis-test as
appropriate. Multivariate logistic regression analysis with
a forward stepwise selection strategy using a likelihood
ratio, including the report of relative risks and their
95%CIs, was used to identify independent risk factors
for rebleeding. The inclusion p for multivariate analysis
was 0.10. A p-value < 0.05 was considered statistically
significant. The null hypothesis asserts the independence
of the variables under consideration.

Statistical analysis

The results of our study were obtained by retrospective
analysis of our prospectively maintained database. IBM
SPSS Statistics for Windows, (Version 23.0 Armonk,
IBM Corp. NY, United States) was used for the statistical

WJG|www.wjgnet.com

RESULTS
A total of 93 patients [58 males, median age (IQR),
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Table 2 Type of bleeding lesions in the upper and lower gastrointestinal tracts, n
Lesions

FIa

FIb

FIIa

FIIb

Spurting

Oozing

Total

FLET

SLET

(n = 69)

(n = 39)

(n = 33)

8
11
26
3

5
7
17
2

3
4
9
1

3

3

3
2
5

2
1

2
1

2

4

2

2

4
Total
(n = 31)

FLET
(n = 22)

4
SLET
(n = 9)

12
2

9
2

3

2
4

4

1
1
3

4
3
3

3
2
1

1

1

UGIB
Ulcer
Cardiac
Gastric
Duodenal
Jejunal
Polypectomy
Gastric
Duodenal
Anastomoses
Gastrojejunal
Mallory-Weiss
Vascular Malformation
Heart device
Dieulafoy
Metastasis
Gastric
Lesions
LGIB
Ulcer
Rectal
Cecal
Polypectomy
Rectal
Colonal
Anastomoses
Ileocolonic
Hemorrhoidal
Diverticular
Tumor
Colonic

4
2
8

1
8
11
3

3
1
7

3
2
2

4

FIa

FIb

FIIa

FIIb

6
1

3
1

2

1

Spurting

2
1
1

2
2

4
Oozing

1

2
4

1

1

3

2

1
1
2

UGIB: Upper gastrointestinal bleeding; LGIB: Lower gastrointestinal bleeding; FLET: First-line endoscopic treatment; SLET: Second-line endoscopic
treatment.

Table 3 Demographics and characteristics n (%)

Sex, male
Age (yr), median (IQR)
Complete Rockall score, median (IQR)
Anticoagulation
In-Hospital-Mortality
Lesions and clips
Bleeding source
Ulcers
Other
Active bleeding1
First-line-therapy
Primary failure (including technical failure n = 2)
Rebleeding
complete

Total (n = 93)

UGI (n = 63)

LGI (n = 30)

P value

58 (62)
72 (19-98)
46 (50)
20 (22)
(n = 100)

38 (60)
68 (27-92)
7 (3-10)
29 (46)
17 (27)
(n = 69)

20 (67)
74 (19-93)
17 (56)
3 (10)
(n = 31)

0.361
0.580
0.231
0.051

66
34
82
61
12

50 (72)
19 (27)
56 (81)
39 (57)
8 (12)

16 (52)
15 (48)
26 (84)
22 (71)
4 (13)

0.018

16 (16)

11 (16)

5 (16)

0.597

0.492
0.125
0.545

1

Forrest classification of ulcers Ia/Ib and spurting/oozing bleeding lesions. IQR: Interquartile range; UGI: Upper gastrointestinal tract; LGI: Lower
gastrointestinal tract.

was 19.8 d (range 1-79). Primary hemostasis and
clinical success of UGIB and LGIB lesions was achieved
in 88/100 (88%) and 78/100 (78%), respectively.
An overview of the demographics, characteristics and
OTSC results is given in table 3.
In patients with SLET the median previous FG
injection volume was 2.25 ml (1-8) (Tesseel 1 ml Duo

72 (19-98)] with 100 different severe acute UGIB and
LGIB lesions were treated with OTSC as FLET or SLET.
The types of bleeding lesions are shown in table 2.
One patient had 3 OTSC applications, and five other
patients had 2 OTSCs on different lesions. Twenty-four
patients were hospitalized primary due to an acute
hemorrhage of the GI tract. The mean hospital stay
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Table 4 Complete Rockall risk score of patients with upper
gastrointestinal bleeding

First-line-therapy
Second-line-therapy

35%
30%

Rockall risk score

1

2

3

4

5

6

7

n

0

0

1

0

6

13

13

8+ Total
30

28.2%

P = 0.008

25%

63

P = 0.008

23.1%

20%
15%

Table 5 Comparison of total mortality, rebleeding-associated
mortality and rebleeding events between upper gastro
intestinal bleeding patients who received best standard of
care (original Rockall group) and those who underwent firstline or second-line endoscopic treatment over-the-scope clips
(Freiburg group)
Total mortality Rockall < 7
Rockall1 5.8% vs Freiburg2 10%; P =
0.327
145 of 2499 vs 2 of 20
Rebleeding-associated mortality
Rockall < 7
Rockall 2.8% vs Freiburg 5%; P =
0.436
70 of 2499 vs 1 of 20
Rebleeding events Rockall < 7
Rockall 13.8% vs Freiburg 15%; P =
0.750
345 of 2499 vs 3 of 20

10%
5%
0%

8.2%
4.9%

Primary failure

Rebleeding

Total mortality Rockall ≥ 7

Figure 2 Outcome of over-the-scope clip in the upper and lower gastro
intestinal tract. Primary failure: Persistent bleeding after over-the-scope clip.

Rockall 32.8% vs Freiburg 34.8%; P
= 0.865
150 of 457 vs 15 of 43
Rebleeding-associated mortality
Rockall ≥ 7
Rockall 22.3% vs Freiburg 13.9%; P
= 0.247
102 of 355 vs 6 of 43
Rebleeding events Rockall ≥ 7
Rockall 46.8% vs Freiburg 18.6%; P
= 0.0003
214 of 457 vs 8 of 43

compared to SLET, only FLET continued to be a sig
nificant factor related to reduced rebleeding (OR = 5.2;
p = 0.009).

Primary failure, technical failure and adverse events

Primary failure was significantly reduced by the use of
OTSC placement as FLET (4.9% vs 23.1%, p = 0.008,
Figure 2). In one patient with a posterior duodenal wall
ulcer, over 50% of the circumference the tissue was
so strongly indurated that the clip could not grasp the
tissue (technical failure). The same phenomenon was
observed with an ileo-transversostomy anastomosis,
during which the clip bounced off, and which was
treated with multiple adrenalin injections. No mal
function of the device was registered. One adverse
event was observed 1.8 mo after a duodenal OTSC
application. The resulting lumen obstruction was
released with 3 balloon-dilatations.

1

Best standard of care; 2OTSC FLET and SLET. OTSC: Over-the-scope
clips; FLET: First-line endoscopic treatment; SLET: Second-line endoscopic
treatment.

S, Baxter, Unterschleißheim, Germany).

Rockall score, rebleeding and predictors of clinical
success

The median Rockall risk score of patients with UGIB
was 7 (3-10; Table 4). No significant difference was
observed between patients with a complete Rockall
risk score < and ≥ 7 with respect to rebleeding (15%
vs 19%, respectively, p = 0.51) and rebleedingassociated mortality (5% vs 14%, respectively, p =
0.27).
Table 5 compares total mortality, rebleedingassociated mortality and rebleeding events of patients
who received standard-of-care (the Rockall group) with
patients who underwent OTSC treatment (the Freiburg
group).Total mortality and rebleeding associated
mortality were comparable in both groups, but patients
with a high risk profile (≥ 7) had significantly fewer
rebleeding events when treated with OTSC (original
Rockall data group 46.8% vs Freiburg group 18.6%, p
= 0.0003).
In univariate analysis, type of lesion, location
(UGIB, LGIB), bleeding activity (active, non-active)
and anticoagulants were not statistically significant
predictors for rebleeding (Table 6). However, our data
shows that the clinical success of patients with both
UGIB and LGIB was significantly higher when OTSCs
were applied as FLET compared to SLET (8.2% vs
28.2%, p = 0.009, Figure 2). In multivariate analysis,

WJG|www.wjgnet.com

Anticoagulation and antiplatelet drugs

In total, 47 patients (50%) had no anticoagulants.
Nine (10%) patients were treated with one platelet
aggregation inhibitor, and 40 patients had anticoa
gulants (43%) with or without one or more antiplatelet
drugs.
Statistical analysis showed no significant influence
of anticoagulants on the rebleeding rate after OTSC
placement (Table 6).

Mortality

The total mortality was 21.5%. Causes of death
included respiratory insufficiency (n = 3), cardiogenic
shock (n = 2), stroke (n = 3), hemorrhagic shock (n =
4), multi-organ failure and septic shock (n = 8).
Two patients died during the hemostasis. One
of them died due to a cardiogenic shock during
endoscopic clip application and the other due to an
aeroembolism after radiological embolization of the
gastroduodenal artery.
The in-hospital mortality of patients with UGIB and
a complete Rockall risk score of ≥ 7 was significant
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Table 6 Univariate and multivariate analyses of predictors of rebleeding after over-the-scope clips placement
Predictor

Univariate analysis

Bleeding (active/non active)
Localization (UGIB/LGIB)
Anticoagulation (Y/N)
Lesion (ulcers/others)
Treatment (SLET/FLET)

Multivariate analysis

OR (CI)

P value

OR (CI)

P value

0.94 (0.24-3.72)
0.99 (0.31-3.13)
1.41 (0.48-4.15)
1.65 (0.53-5.17)
4.40 (1.39-13.90)

0.586
0.597
0.359
0.282
0.009

1.43 (0.33-6.21)
1.67 (0.45-6.15)
1.34 (0.43-4.20)
2.03 (0.56-7.27)
5.29 (1.53-18.24)

0.636
0.451
0.611
0.275
0.008

UGIB: Upper gastrointestinal bleeding; LGIB: Lower gastrointestinal bleeding; FLET: First-line endoscopic treatment; SLET: Second-line endoscopic
treatment.

higher compared to that of those with scores < 7 (35%
vs 10%, p = 0.034). The mortality rate of patients with
UGIB without rebleeding and rebleeding-associated
mortality was 15.9% and 11%, respectively.

rescue therapy due to the fibrotic nature of leaks and
[2,27,28]
fistulae
, and primary therapy was found to be
a significant predictor for clinical success of defect
[28]
closures. In this context, Baron et al
postulated the
use of an anchoring device (Ovesco Endoscopy AG,
Tübingen, Germany) could be helpful.
Second, our data show that type of treatment
(FLET vs SLET) is an independent predictor to prevent
rebleeding.
Previous studies have identified a first and second
bleeding endoscopic failure rate of 16% and 33.3%,
respectively. Furthermore, unsuccessful endoscopic
hemostasis was found to be an independent risk factor
for rebleeding and was associated with increased 30-d
[17,29,30]
mortality in patients with NVGIB
. These findings
support the role of a primary effective endoscopic
hemostasis.
In multivariate analysis, OTSCs performed sig
nificantly better across all GI bleeding types (UGIB,
LGIB) when applied as FLET as opposed to rescue
therapy (SLET).
Thus, according to our experience, the use of the
OTSC device is preferable in active bleeding from
lesions of visible vessels and ulcers, which have
never been treated previously with conventional
endoscopic treatments, and which are equal to or less
than 3 cm in diameter. Less preferable is its use in
diffuse bleeding from polypoid metastases, vascular
malformations and hardened and fibrotic lesions.
Third, our data suggest that patients with UGIB and
a complete Rockall risk score ≥ 7 might not benefit
from OTSC treatment compared to patients with score
values of < 7. The total mortality rates of patients with
Rockall scores < vs ≥ 7 in the current study are in
accordance with those from a prior large, multicenter
[17]
series published by Rockall et al . Furthermore, no
significant differences were observed in relation to the
rebleeding rate and rebleeding-associated mortality in
both groups (< 7 vs ≥ 7) treated with OTSC.
Fourth, based on the original Rockall data, patients
with UGIB and complete Rockall risk scores ≥ 7
could benefit from OTSC placement with respect
to the reduction of rebleeding events, compared to
endoscopic established treatment modalities. The
mortality remains unaffected.
Currently, there are no published prospective trials

DISCUSSION
Acute gastrointestinal bleeding is a common and
potentially life-threatening emergency with an wideranging annual incidence of hospitalization of 42-172
and 20-87 per 100000 for upper and lower GI tract,
respectively, and it has a mortality rate as high as
[17-26]
10%
.
In the last 10 years, the experience with OTSC to
treat high-risk non-variceal bleeding (NVGIB) of the
upper and lower GI tract remains limited, and the
[3-16]
published data include small-case series
.
Especially for new technologies, the question
arises whether their effectiveness is comparable to
established endoscopic techniques, in particular to
avoid rebleeding and perhaps to reduce rebleedingassociated mortality in multimorbid patients.
To the best of our knowledge, we present the
largest single-center study of OTSCs to date to
differentiate FLET and SLET techniques in the
management of acute GI bleeding. The data of this
series are the first to provide the following answers to
important questions with respect to the application and
performance of the new device:
First, FLET and SLET are not comparable with
respect to the prevention of rebleeding. Importantly,
primary failure was attained significantly more in the
SLET group of patients compared with FLET patients
and in particular if the GI bleeding was pretreated
with FG. In these patients, a mean volume-injection of
2.25 portions of FG was administered. Moreover, some
underwent APC, and previously applied TTSC had to
be removed before OTSC placement. The resulting
alterations of the tissue (hardening and fibrosis) can
disguise the bleeding source of the target lesion and
therefore make the identification difficult. Additionally,
the tissue cannot be (or at least not sufficiently)
suctioned into the applicator cap, which can cause
primary and technical failure. Other authors have
reported similar experiences.
A decreased clinical success was observed by OTSC
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[37]

regarding the use of OTSC for endoscopic hemostasis
compared to conventional techniques.
Indeed, established interventions, including FG,
TTSC, band ligators, thermal modalities alone or in
combination with epinephrine solution or recently
commercially introduced hemostatic granules or
powders, show a wide range of permanent hemostasis
[31-35]
varying from 10%to 85%
. However, combined
modalities such as hemoclip and injection therapy or
thermal coagulation and injection therapy appear to be
superior to the use of injection or thermal techniques
[36]
alone .
Therefore, it is generally difficult to compare the
outcome of OTSC with previously published data
of established endoscopic techniques regarding the
reduction of undesirable outcomes of UGIB and LGIB,
including rebleeding and mortality and independent of
GI localization and bleeding activity.
For this reason, we calculated total mortality, re
bleeding events and rebleeding-associated mortality
in relation to patients with Rockall scores < or ≥ 7
of both the OTSC and original Rockall sample sizes.
However, no differences in patients with Rockall scores
< 7 were observed with respect to above-mentioned
parameters. Only in patients with Rockall scores ≥
7 were the rebleeding events significant reduced
compared to the calculated original Rockall data, which
might indicates a selection bias because our collective
mainly consisted of predominantly spurting and oozing
bleeding lesions. Prospective randomized trials are
needed to confirm this hypothesis.
Finally, durability and exact placement of hemos
tatic clips on the bleeding source are important factors
for successful hemostasis and to reduce rebleeding,
other adverse events and emergency surgery.
Modern TTS clips for example can be rotated and
reopened, and they open at a wide angle. However,
TTSCs have several disadvantages:
It is commonly known that more than one TTSC is
necessary for the treatment of large bleeding lesions
or blood vessels with large diameters because a single
clip can only compress small tissue areas. In addition,
adequate space is required properly to release the
TTSC. That is why TTSC release in angulated positions
such as the duodenum can be tricky.
Due to this and our results, and considering the
costs of modern single-use TTS clip systems, we
strive for a paradigm shift. Thus, in patients with
circumscribed lesions of high-risk UGIB and LGIB, we
employ OTSC as FLET.
On the other hand, it is important to understand
the mechanism of the OTSC device. The degree of
mobilization of the tissue into the applicator cap is
crucial for therapeutic success. For patients who
require an endoscopic full-thickness resection (FTRD),
for example, a similar problem exists. In these cases,
we identify the target tissue to resect and mobilize
this tissue using a specially designed cap (FTRD prOVE

WJG|www.wjgnet.com

Cap, Ovesco Endoscopy AG, Tübingen, Germany) .
Certainly, our study has some limitations, e.g.,
its retrospective nature. Moreover, only experienced
endoscopists with a high level of expertise performed
the procedures with the OTSC device. Nevertheless,
the present study also has many strengths. It is a
large, single-center study with a broad spectrum of
bleeding lesions in the upper and lower GI tracts.
The large number of lesions, most of which were
characterized by a spurting and oozing quality,
were treated only with the suction method, and the
traumatic type of OTSC represents a homogeneous
study cohort that allowed, for the first time, statistically
substantiated hypotheses on the effectiveness of the
OTSC-device.
In conclusion, the reduction of primary failure
was best achieved in patients undergoing treatment
of UGIB and LGIB when OTSC was used for FLET. In
our series, FLET seems to be a predictor of successful
reduction of rebleeding rates.
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Background

Over-the-scope clips (OTSC) are used for emergency endoscopy in acute
perforation and fistula-closure in the upper and lower GI tracts. Furthermore,
the OTSCs have become an important tool in hemostasis of upper and lower
gastrointestinal bleeding (UGIB, LGIB) as first-line and second-line endoscopic
treatment (FLET, SLET). However, direct comparisons of OTSCs in FLET and
SLET are limited.

Research frontiers

In this retrospective analysis of 93 patients, the authors compared the results of
first-line and second-line endoscopic treatment of 100 OTS clips in UGIB and
LGIB. To the best of our knowledge, this is the largest single-center series on
the use of OTSCs in GI bleeding to date.

Innovations and breakthroughs

Primary failure and rebleeding occurred significantly more often in patients
undergoing second-line endoscopic treatment with OTSC than in first-line
treated patients. The better outcome of first-line treated patients is comparable
with the known data in patients with fistula, who were treated with OTSC.

Applications

By understanding the mechanism, advantages and limits of the OTSCs device,
the present study might provide a new prognostic factor for clinical success
and hemostatic treatment of acute GI bleeds treated with OTSCs as first-line
therapy.

Peer-review

The manuscript presents the outcome of first- and second-line endoscopic
treatment with OTSC in high risk gastrointestinal bleeding. It is a topic of
interest to the researchers in the related areas but the paper needs some
improvement before acceptance for publication.
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Abstract
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AIM
To evaluate the diagnostic and prognostic value of
presepsin in cirrhosis-associated bacterial infections.

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

METHODS
Two hundred and sixteen patients with cirrhosis were
enrolled. At admission, the presence of bacterial infections
and level of plasma presepsin, serum C-reactive protein
(CRP) and procalcitonin (PCT) were evaluated. Patients
were followed for three months to assess the possible
association between presepsin level and short-term
mortality.

Conflict-of-interest statement: No potential conflicts of interest
relevant to this article were reported.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
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RESULTS
Present 34.7 of patients had bacterial infection.
Presepsin levels were significantly higher in patients
with infection than without (median, 1002 pg/mL vs
477 pg/mL, P < 0.001), increasing with the severity
of infection [organ failure (OF): Yes vs No, 2358 pg/
mL vs 710 pg/mL, P < 0.001]. Diagnostic accuracy
of presepsin for severe infections was similar to PCT
and superior to CRP (AUC-ROC: 0.85, 0.85 and 0.66,
respectively, P = NS for presepsin vs PCT and P < 0.01
for presepsin vs CRP). At the optimal cut-off value of
presepsin > 1206 pg/mL sensitivity, specificity, positive
predictive values and negative predictive values were
as follows: 87.5%, 74.5%, 61.8% and 92.7%. The
accuracy of presepsin, however, decreased in advanced
stage of the disease or in the presence of renal failure,
most probably because of the significantly elevated
presepsin levels in non-infected patients. 28-d mortality
rate was higher among patients with > 1277 pg/mL
compared to those with ≤ 1277 pg/mL (46.9% vs
11.6%, P < 0.001). In a binary logistic regression
analysis, however, only PCT (OR = 1.81, 95%CI:
1.09-3.01, P = 0.022) but neither presepsin nor CRP
were independent risk factor for 28-d mortality after
adjusting with MELD score and leukocyte count.
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URL: http://www.wjgnet.com/1007-9327/full/v22/i41/9172.htm
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INTRODUCTION
Infectious episodes represent particularly important
causes of progression of liver failure and the deve
[1]
lopment of liver-related complications . Due to altered
sensitivity, the end-organ damaging effect of bacterial
infection is greater in cirrhosis and often culminates
in newly developed liver and/or extrahepatic organ
failures, which is associated with a very high short-term
[2,3]
mortality rate .
Early recognition of bacterial infections is essential,
however, in the clinical practice their accurate
[4]
identification is challenging from both the clinical
[5]
and the laboratory point of view . In cirrhosis, usual
clinical presentations lack up to 50% of the bacterial
infections and are replaced by non-specific complaints
or just revealed by organ dysfunctions. Due to some
disease specific characteristics, there is an evident
lack of sensitivity and specificity of the conventional
laboratory and clinical parameters for the definition
[6,7]
of systemic inflammatory response (SIRS) , which
often makes it difficult to diagnose sepsis.
Currently C-reactive protein (CRP) and procalcitonin
(PCT) are broadly used in the clinical practice to
[8]
aid the early diagnosis of bacterial infection . In
cirrhosis, these conventional markers, however,
perform somewhat differently in comparison with
the non-cirrhotic patient populations for various
reasons. For the first, if the main source of the
molecule is the liver, as in the case of CRP, synthesis
of the molecule is affected by liver failure and its
severity. As a result the diagnostic accuracy of liver
synthesised acute phase proteins (APPs) decreases in
[9]
advanced stage of cirrhosis . Moreover, peak levels
can be misleading and do not indicate the severity
of the infection adequately, since the more severe
the underlying liver dysfunction, the lower the CRP
[10]
response to bacteraemia is . Secondly, elimination
of certain molecules can be affected by renal failure
and also renal replacement therapy. Acute kidney
injury (AKI) is frequent in patients with cirrhosis,
[11]
especially in bacterial infections . While CRP has a
high molecular weight (MW) (115-kDa) and its renal
[12,13]
clearance is negligible
, PCT is small with a MW of
13 kDa, and renal elimination is thought to be one of
[14]
the major pathways for its elimination . Accordingly,
false or inappropriate increase of the PCT level has
been reported in end-stage renal disease patients
[15,16]
due to the prolonged elimination rate
. Similarly,
artificial reduction of the PCT level was also found after
renal replacement therapy (HCO-CVVHDF). Proteins
with MW < 60 kDa are filtered out by the dialysis
[17]
membrane . Thirdly, inflammatory state sustained by

CONCLUSION
Presepsin is a valuable new biomarker for defining
severe infections in cirrhosis, proving same efficacy as
PCT. However, it is not a useful marker of short-term
mortality.
Key words: Presepsin; Cirrhosis; Bacterial infection;
Organ failure; Mortality
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: C-reactive protein (CRP) and procalcitonin
(PCT) are broadly used in clinical practice to aid
early diagnosis of bacterial infections, but they have
limitations in cirrhosis. Additional biomarkers with
enhanced accuracy are highly needed. Presepsin is
a novel biomarker of infection and sepsis, but has
not been assessed in cirrhosis so far. In the present
study we evaluated the diagnostic and prognostic
performance of presepsin in cirrhosis-associated
infections in comparison with classic acute phase
proteins. Presepsin measurement enhanced diagnostic
utility of CRP and reflected the severity of infections
more accurately, with a similar efficacy as PCT.
Advanced disease stage and renal failure limited the
diagnostic accuracy. The increase in PCT level but
not in presepsin concentration was an independent
predictor of short-term mortality during infectious
episodes.
Papp M, Tornai T, Vitalis Z, Tornai I, Tornai D, Dinya T, Sumegi
A, Antal-Szalmas P. Presepsin teardown - pitfalls of biomarkers
in the diagnosis and prognosis of bacterial infection in cirrhosis.
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bacterial translocation (BT) and without overt infection
is alone sufficient to elevate inflammatory markers
[5,9]
to a significant level . Bacterial translocation is an
[18]
increasing problem with disease severity .
Accordingly, data are not homogeneous about the
optimal cut-off for either of CRP and PCT to differentiate
[19-23]
patients with infection from those without
. Probably
using a single threshold is not appropriate. Additional
biomarkers are highly needed to optimize the rule in
and rule out processes necessary for the diagnosis
and also for the severity assessment of the infectious
episodes in cirrhosis.
Presepsin (soluble CD14 subtype, sCD14-ST) is
a 13-kDa-cleavage product of CD14 receptor that
recognizes different cell surface structure of both
Gram-negative and positive bacteria. Presepsin in the
circulation can be perceived as a witness of activated
[24]
monocyte-macrophage in response to pathogens .
Several recent clinical studies have shown that
presepsin is a specific and sensitive novel marker for
[25]
the diagnosis of sepsis , for evaluating the severity
[26,27]
of sepsis and for predicting the outcome
. Beyond
sepsis, presepsin is worthy of studying in those clinical
settings, where systemic infections are frequently
associated with severe diseases course such in
cirrhosis [acute decompensation (AD), organ failure].
Contributive role of presepsin for the diagnosis and
prognosis of cirrhosis associated bacterial infection has
not been assessed extensively so far.
In the present study, we aimed to assess (1)
performance of presepsin in the diagnosis of cirrhosis
associated bacterial infections in comparison with
routinely used APPs such as CRP and PCT; (2) whether
presepsin is devoid of the limitations of classic APPs
related to cirrhosis; and (3) whether presepsin is able
to provide prognostic information during infectious
episodes in cirrhosis.

of bacterial infection. Severity of the cirrhosis was graded
according to liver-oriented scores [Child-Pugh score (CPs)
[29]
and the model for end-stage liver disease (MELD)] .
Episodes of AD were defined by acute development of
large ascites, hepatic encephalopathy, gastrointestinal
hemorrhage, bacterial infection or any combination of
[3]
these warranting hospital admission . The enrolled
patients were followed for 90 d or until death. Presence
and grade of organ system failure(s) [OF] were deter
mined retrospectively based on the available clinical and
laboratory data after accessibility of CLIF-C Organ Failure
[30]
Score .
The diagnosis of bacterial infection was established
by assessment of clinical symptoms and laboratory
reports, including microbiological culture results (if
available), compatible findings of imaging techni
ques, and the effect of antibiotic treatment by two
independent gastroenterologists (M.P. and Zs.V.).
Following bacterial infections were considered and
diagnosed on the basis of conventional criteria: (1) skin
[31]
and soft tissue infections ; (2) lower respiratory tract
[32]
infections (acute bronchitis, pneumonia) ; (3) urinary
[33]
tract infections (UTI) (cystitis, pyelonephritis) ; (4)
some rare causes of infections, such as biliary tract
infections (cholecystitis, cholangitis, liver abscess),
osteomyelitis, and endocarditis; (5) spontaneous
bacterial peritonitis (SBP), diagnosis of which was
based on ascitic fluid polymorphonuclear cell (PMN)
3
3
count exceeding 250/mm and /or positive culture if
secondary causes of peritonitis were excluded (EASL
[34]
guidelines ); and (6) bacterial infection of unknown
origin was defined when clinical symptoms and signs of
infection were present and confirmed by microbiological
demonstration of the causative organism from blood
culture in the absence of site-specific infection. Bacterial
infection was considered severe when the infectious
episode was complicated by OF.

MATERIALS AND METHODS

Measurements of presepsin and other laboratory
parameters

Patient population

Venous blood samples were captured at enrolment.
Routine laboratory data, such as liver biochemistry,
renal function, blood count and serum CRP and PCT
levels were determined directly at the Department
of Laboratory Medicine. Methods for qualitative
assessment of serum CRP and PCT levels were
[9]
reported previously .
For presepsin measurements, blood samples were
immediately centrifuged at 3000 g for 10 min, and
plasma was stored at -70 ℃ until use. Presepsin levels
®
were measured by means of a PATHFAST presepsin
analyzer (Mitsubishi Chemical Medience Corporation,
Tokyo, Japan) which is based on chemiluminescent
enzyme immunoassay, with a detection limit of 20
pg/mL.

Two hundred and sixteen well-characterized patients
with cirrhosis (male/female: 118/99, age: 57.5 ±
10.3 years, disease duration: 3.9 ± 4.2 years) were
included consecutively from our in- and outpatient
Gastroenterology Department between May 2010 and
April 2011. The diagnosis of cirrhosis was considered
either histologically proven or considered obvious by
[28]
clinical, biochemical and morphological criteria .

Data collection

The clinical and laboratory characteristics of the patients
are presented in Table 1. Clinical data were recorded at
enrolment. These included demographics, co-morbidities
(including cardio- and cerebrovascular, respiratory, renal
disorders, diabetes and extrahepatic cancers), etiology of
cirrhosis, history and severity of liver disease, presence
of hepatocellular carcinoma (HCC), reason for AD, clinical
status of patients, and also presence, type and location

WJG|www.wjgnet.com

Outcome

For outcome assessment, a follow-up examination was
th
set up at the 28 day after enrolment in the study.
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Table 1 Demographic, clinical and laboratory characteristics of patients with or without bacterial infections

n
Gender (male/female)
Age (yr)
Child-Pugh score
Child-Pugh stage, n (%)
A
B
C
MELD score
Serum bilirubin (μmol/L)
Serum albumin (g/L)
INR
Serum creatinine (μmol/L)
Ascites present, n (%)
HCC, n (%)
Comorbidities present, n (%)
Type of bacterial infections, n (%)
UTI
SBP
Pneumonia
SSTI
Miscellaneous
Multiple
Acute phase proteins, median (IQR)
Presepsin (pg/mL)
Overall
OF absent
CRP (mg/L)
Overall
OF absent
PCT (μmol/L)
Overall
OF absent

Non-infected

Infected

P value

141
77/64
57.3 ± 10.7
6.9 ± 1.7

75
41/34
58.1 ± 9.7
9.3 ± 2.2

NS
NS
< 0.001

58 (41.1)
65 (46.1)
18 (12.8)
12.3 ± 4.1
41.4 ± 38.3
35.4 ± 7.1
1.3 ± 0.2
83.8 ± 74.3
58 (41.1)
4 (2.8)
72 (51.1)

6 (8.0)
28 (37.3)
41 (54.7)
19.1 ± 9.1
124.1 ± 147.4
28.1 ± 6.5
1.6 ± 0.5
131.2 ± 129.9
59 (78.7)
11 (14.7)
45 (60.0)

< 0.001

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
NS

25 (29.4)
20 (23.5)
18 (21.2)
4 (4.7)
18 (21.2)
9 (10.6)
477 (332-680)
OF present
4.6 (1.8-8.8)
OF present
0.1 (0.1-0.2)
OF present

1002 (575-2149)
710 (533-1277)
2357 (1398-3666)
30.1 (11.3-57.4)
25 (9.6-40.5)
52.2 (23.4-84)
0.4 (0.1-1.2)
0.2 (0.1-0.5)
1.7 (0.6-5.3)

< 0.001
< 0.001
< 0.001
0.027
< 0.001
< 0.001

Data are presented as mean ± SD or n (%) if not otherwise indicated. CRP: C-reactive protein; HCC: Hepatocellular carcinoma; IQR: Interquartile range;
INR: International normalized ratio; MELD: Model for end-stage liver disease score; NS: Non-significant; PCT: Procalcitonin; SD: Standard deviation; UTI:
Urinary tract infection; SBP: Spontaneous bacterial peritonitis; SSTI: Skin and soft tissue infection.

negative predictive values (NPV) were calculated to
determine the predictive power of individual APPs or
their combinations in all the three clinical settings.
Binary logistic regression was used to assess the
relationship between APPs and short-term mortality
adjusted for the MELD score and WBC count. For
the analysis APPs were loge-transformed to ensure
normal distribution. Associations are given as odds
ratios (OR) or likelihood ratios (LR) with a 95%CI. A
2-sided probability value < 0.05 was considered to
be significant. For statistical analysis and graphical
presentation SPSS 22.0 (SPSS Inc., Chicago, IL, United
States) and GraphPad Prism 7 (San Diego, CA, United
States) were used.
The statistical methods of this study were reviewed
by Professor Elek Dinya, PhD, DSc, Semmelweis
University, Institute of Health Informatics, Budapest,
Hungary.

Patients who survived until follow-up were counted as
survivors, whereas patients who died within the followup period were counted as non-survivors.

Statistical analysis

Variables were tested for normality using Shapiro
Wilk’s W test. Continuous variables were summarized
as mean ± SD or as medians [interquartile range (IQR)]
according to their homogeneity. Categorical variables
2
2
were compared with the χ test or χ test with Yates
correction as appropriate. Continuous variables were
compared with the Mann-Whitney U test or Student’s
t test. Relationship between continuous variables was
assessed with the non-parametric Spearman corre
lation. Diagnostic accuracy of presepsin and other APPs
for defining various study-endpoints: (1) presence of
bacterial infection; (2) presence of severe infection; and
(3) short-term mortality was estimated using receiver
operating curve (ROC) analysis by plotting sensitivity
vs 1-specificity. Area under the curve (AUC-ROC) and
corresponding 95%CI were calculated. ROC curves
[35]
were compared with the method of DeLong et al
in Medcalc. Youden index was chosen, calculated as
the maximum (sensitivity + specificity - 1) value, to
estimate the best discriminate thresholds. Sensitivities,
specificities, positive predictive values (PPV) and

WJG|www.wjgnet.com

Review of the literature

We performed a systematic review of studies reporting
on CRP and PCT in prognosis of cirrhosis. Papers were
eligible if they presented original research in adult
patients with cirrhosis and reported association of
CRP and/ or PCT with the disease outcome either in
patients with or without bacterial infection. Studies had
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Table 2 Association of classic acute phase proteins with mortality in patients with cirrhosis
Ref.

Year

Journal

Population

n

Outcome

Measure

Value

C-reactive protein
Reuken et al[72]
Moreno et al[69]
Mortensen et al[70]

2013
2013
2012

Liver Int
Liver Int
Eur J Gastroenterol
Hepatol

Ascites
Non-septic
Stable alcohol cirrhosis

108
95
45

AUC
AUC
HR1

0.69 (0.59-0.79), P = 0.001
0.71 (0.6-0.8), P < 0.001

Wiese et al[74]
Lim et al[68]

2014
2014

Liver Int
Plos One

Stable cirrhotic
SBP

193
75

90-d mortality
1-yr mortality
Long term
mortality (about
6- yr)
1- yr survival
30-d mortality

Schwabl et al[73]
Ha et al[65]

2015
2011

Liver Int
Korean J Intern
Med

SBP
Bacteraemia

168
202

30-d mortality
30-d mortality

Cervoni et al[20]

2012

J Hepatol

CPs > 7

148

180-d mortality

Di Martino et al[64]
Cervoni et al[63]

2015
2016

109
583

Park et al[71]

2015

Ximenes et al[75]

2016

Liver Transplant
CPs > 7
Eur J Gastroenterol
CPs > 7
Hepatol
J Korean Med Sci Alcoholic cirrhosis various
reasons for admission
Am J Emerg Med
Hepatic decompensation

Kwon et al[67]
Lazzarotto et al[19]

2015
2013

BMC Gastroenterol
Ann Hepatol

Acute decompensation
Acute decompensation

184
64

Kronenberger et al[66]

2012

BMC Med

Acute decompensation +
outpatients

120

Overall survival
(196 ± 165 d)

HR

2015

J Crit Care

Acute decompensation

96

AUC

0.692

Kotecha et al[79]

2013

Cirrhosis + SIRS

100

OR1

0.949 (0.868-1.037), P = 0.249

Connert et al[78]

2003

Eur J Gastroenterol
Hepatol
Z Gastroenterol

100

Percent died

Al-Dorzi et al[76]

2014

Clin Lab

Compensated +
decompensated
Septic shock

Sepsis inhospital
mortality
In-hospital
survival
60-d mortality

45

28-d mortality

Difference

Berres et al[77]

2009

Liver Int

Critically ill

38

ICU mortality

Difference

< 0.58 vs ≥ 0.58:
9.1% vs 46.7%, P < 0.001
Low PCT vs high PCT:
80% vs 77%, P = 0.61
NA, P = NS

Procalcitonin
Lin et al[80]

1.074 (1.001-1.153), P = 0.046
HR
AUC
HR
HR1
Difference

1.18, P = 0.0483
0.64 (0.49-0.79), P = 0.076
ND, P = 0.064
1.067 (1.004-1.134), P = 0.037
Survivor vs non-survivor2
37.8 vs 34.3 mg/L, P = 0.721

90-d mortality
90-d mortality

AUC
HR1,4
HR1,4
HR1,4

0.63 (0.51-0.73), P = ND
2.73 (1.41-5.26), P = 0.003
2.21 (1.03-4.76), P = 0.042
1.69 (1.01-2.81), P = 0.046

409

30-d mortality

OR

149

Inhospital
mortality
30 d survival
90 d survival

OR

"CRP > 20 not independent
predictor"
OR: ND, P > 0.100

OR
Difference

OR: ND, P = 0.122
Survivor vs non-survivor2
7 vs 41 mg/L, P = 0.026
Univariate: 0.314
(0.141-0.702) , P = 0.005
Multivariate: ND, P = 0.077

1

Adjusted for MELD score; 2Median values; 3Not significant in the log-rank test; 4CRP variation over 15 d. SBP: Spontaneous bacterial peritonitis; HR:
Hazard ratio; AUC: Area under the curve; OR: Odds ratio; CPs: Child-Pugh score; ICU: Intensive care unit; SIRS: Systemic inflammatory response
syndrome.

to have been published in peer-reviewed journals. We
started searching PubMed using the following search
terms: [“C-reactive protein” OR “procalcitonin”] AND
“liver cirrhosis”. Limits were human and time ranging
st
from 1991 until 2016 (1 June). Only articles reporting
short or long-term outcome in cirrhosis were included.
This search revealed 20 articles. In Table 2 we sum
marize the clinical significance of CRP and PCT in the
prediction of disease course in cirrhosis based on
findings reported in relevant literature.

RESULTS
Study population

Two hundred and sixteen patients with cirrhosis were
enrolled in this cohort. The main characteristics of
patients with or without infection are summarized
in Table 1. There were 118 men with a mean age of
57.6 ± 10.3 years. The median Child-Pugh and MELD
score were 7 (95%CI: 6-9) and 13 (95%CI: 10-17),
respectively. The main baseline characteristics were as
follows: alcoholic liver disease in 159 patients (73.6%),
HCC in 15 patients (6.9%) and renal impairment
in 33 (15.3%) based on creatinine cut-off values ≥
133 μmol/L. One-hundred and seventeen patients
(54.2%) had extrahepatic co-morbidities. Acute
decompensation of the disease warranting hospital
admission occurred in a total of 101 patients (46.8%)

Ethical permission

All patients were informed of the nature of the study
and signed an informed consent form. The regional
and national committee (DEOEC RKEB/IKEB 5306-9/
2011, 3885/2012/EKU [60/PI/2012]) for research
ethics approved the study protocol.
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P < 0.001

100000

Table 3 Correlations between presepsin and different laboratory
parameters or liver-orientated scores

Plasma presepsin level (pg/mL)

P < 0.001
P < 0.001

P < 0.001

Variable
10000

CRP
PCT
Leucocyte count
Serum creatinine
Serum bilirubin
Serum albumin
INR
CPs
MELD score

1000

100

Non-INF

INF

No

Yes

n = 141

n = 75

n = 51

n = 24

P value

0.63
0.53
0.27
0.36
0.28
-0.40
0.15
0.42
0.45

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.032
< 0.001
< 0.001

CRP: C-reactive protein; CPs: Child-Pugh score; INR: International
normalized ratio; MELD score: Model for end-stage liver disease; PCT:
Procalcitonin.

Organ failure

Figure 1 Presepsin levels in patients with cirrhosis according to presence
or absence and severity of bacterial infections (n = 216). Median presepsin
levels are significantly higher in patients with infection as compared to those
without and associated to the severity of the infection. Lines denote median
values, boxes represent 25th-75th percentiles and whiskers indicate the 5th-95th
range. P values were calculated by Mann-Whitney U-test or Kruskal-Wallis
H-test as appropriate. INF: Bacterial infection.

Further evaluating non-infected patients, a significant
increase was observed in presepsin levels in case of
more advanced disease stage and also in the presence
of renal failure (P < 0.001 for both).
Presepsin level was positively correlated with classic
markers of bacterial infections, such as CRP, PCT, and
different WBC parameters, but also with renal and liver
function tests (Table 3) and accordingly with liver liveroriented scores (CPs and MELD).
Considering the type of infectious episodes, pre
sepsin level was not different according to the location
or Gram specificity of the infection (data not shown).
Patients with multifocal infections (10.6%) showed
numerically higher presepsin levels than those with
unifocal ones without reaching statistically significance
[2470 pg/mL (729-2671) vs 983 pg/mL (560-1774), P
= 0.065]. Nonetheless, presepsin level was associated
with the severity of the infection. Twenty-four
infections (32%) were complicated with at least one
OF. Presepsin level was significantly higher in patients
with OF as compared to those without [2358 pg/mL
(1398-3666) vs 710 pg/mL (533-1277), P < 0.001]
(Figure 1).

of whom 27 (26.7%) had at least one OF.
Documented bacterial infection was present in 75
(34.7%) patients of whom 9 (12.0%) suffered from
multifocal episode. Bacteria were Gram-negative
in 52.6% and Gram-positive in 47.4% of culturepositive cases. No cases of invasive fungal infections
were detected. The distribution of infections is shown
in Table 1. The infected and the non-infected patient
groups did not differ in gender, age, and presence of
comorbidities. However, patients with infections had
more advanced disease stage, as indicated by median
values of Child-Pugh and MELD score and presence
of ascites. Renal impairment (29.3% vs 7.8%, P <
0.001) and occurrence of HCC (14.7% vs 2.8%, P =
0.003) were more frequent in patients with infection
as compared to those without as well. The occurrence
of AD episodes and the development of OF were more
common in the presence of infections (AD: INF vs nonINF, 85.3% vs 26.2%, P < 0.001 and OF: INF vs nonINF, 37.5% vs 8.1%, P = 0.001).

Accuracy of presepsin level in the diagnosis of bacterial
infections compared to classic acute phase proteins

The diagnostic accuracy of presepsin for identifying
patients with infection was established by ROC analysis
and compared to CRP and PCT. Presepsin was a similar
predictor of bacterial infection in overall [AUC-ROC,
95%CI: 0.79 (0.73-0.84)] vs PCT [0.77 (0.71-0.83),
P = 0.668] but somewhat lower than CRP [0.86
(0.80-0.90), P = 0.057] (Figure 3A). Combination of
CRP with presepsin, however, increased the sensitivity
and NPV, compared with CRP on its own, by 9 %
and 4 % respectively. A similar trend was found with
the combination of CRP and PCT (Table 4). On the
contrary, the diagnostic accuracy of presepsin [AUCROC 95%CI: 0.85 (0.74-0.92)] for identifying patients
with infection complicated by OF was similar to PCT
[0.85 (0.74-0.92)] and clearly superior to CRP [0.66
(0.54-0.77), P = 0.994 for presepsin vs PCT, and P

Association between presepsin levels and bacterial
infections

Presepsin values ranged from 142 to 5950 pg/mL
[median (IQR), 576 pg/mL (376-972)] and were
significantly higher in patients with infection as
compared to those without [1002 (575-2149) pg/mL
vs 477 (332-680) pg/mL, P < 0.001] (Figure 1). This
association was also confirmed in the different disease
severity subgroups according to Child-Pugh stage
(Figure 2A) or the presence of ascites (Figure 2B). In
the subgroup of patients with renal failure, presepsin
levels were also different numerically between infected
and non-infected patient groups however it did not
reach statistically significance (P = 0.08) (Figure 2C).
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Figure 3 Receiver-operating characteristic curves of presepsin, procal
citonin and C-reactive protein for the identification of bacterial infection
overall (A) or bacterial infection complicated by organ failure (B). ROC
analysis were performed (A) in the whole cohort (n = 216) or (B) in patients with
bacterial infection (n = 75). The control group comprised (A) patients without
bacterial infection (n = 141), or (B) patients with bacterial infection without organ
failure (n = 51). AUC: Area under curve; CI: Confidence interval; CRP: C-reactive
protein; PCT: Procalcitonin.
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Diagnostic accuracy of presepsin for identifying pa
tients with infection decreased in advanced stage of
the disease and also in the presence of renal failure.
Specificity and LR values of presepsin > 844 pg/mL
were obviously lower in patients with Child B or C
stage cirrhosis (74%; LR+: 2.28, LR-: 0.56) compared
with those with Child A (96%; LR+: 15.6, LR-: 0.31),
whereas the difference in sensitivity was somewhat
less (70% vs 58%). A similar trend was found when
the performance of presepsin > 844 pg/mL was
evaluated in patients with or without renal failure
(specificity: 46% vs 87%; sensitivity: 86% vs 49%;
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Figure 2 Presepsin levels in subgroups of patients with different diseases
severity according to presence or absence of bacterial infections (n = 216).
Significant differences in median presepsin levels between non-infected and
infected patients are observed in all disease severity subgroups according to ChildPugh stage (A) or the presence of ascites (B); However, no significant difference is
observed in renal failure subgroup (C). Among non-infected patients, a significant
increase in median presepsin levels is observed according to disease severity or
in the presence of renal failure. Lines denote median values, boxes represent 25th75th percentiles and whiskers indicate the 5th-95th range. P values were calculated
by the Mann-Whitney U or the Kruskal-Wallis H-test as appropriate. Creatinine
values of 4 patients were missing in the non-infected group.
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Table 4 Performance characteristics of presepsin and other acute phase proteins during bacterial infections in patients with cirrhosis
in various clinical settings

INF overall

INF + OF

Variable

Cut-off values

Sensitivity

Specificity

PPV

NPV

LR+

LR-

Presepsin (pg/mL)
PCT (μmol/L)
CRP (mg/L)
At least one marker positive
(Presepsin/CRP)
At least one marker positive
(PCT/CRP)
Presepsin (pg/mL)
PCT (μmol/L)
CRP (mg/L)

844
0.39
10.8

60.0%
53.3%
78.7%
88.0%

84.45
93.65
84.4%
74.5%

67.2%
81.6%
78.2%
64.7%

79.9%
79.0%
88.1%
92.1%

3.85
8.36
5.04
3.45

0.47
0.50
0.25
0.16

81.3%

84.2%

69.3%

91.1%

5.15

0.22

87.5%
79.2%
62.5%

74.5%
76.5%
76.5%

61.8%
61.3%
55.6%

92.75
88.6%
81.2%

3.43
3.36
2.66

0.17
0.27
0.49

1206
0.5
40.5

PPV: Positive predictive value; NPV: Negative predictive value; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; PCT: Procalcitonin; CRP:
C-reactive protein; MELD: Model for end-stage liver disease; INF: Infection; OF: Organ failure.

Table 5 Performance characteristics of presepsin, procalcitonin and C-reactive protein for prediction of short-term (28-d) mortality
in patients with bacterial infection (n = 75)
Variable

Cut-off values AUC-ROC (95%CI)

Presepsin (pg/mL)
PCT (μmol/L)
CRP (mg/L)

1277
0.48
39.6

0.76 (0.64-0.85)
0.87 (0.77-0.93)
0.74 (0.63-0.84)

Sensitivity

Specificity

PPV

NPV

LR+

LR-

75.0%
90.0%
75.0%

69.1%
74.6%
74.6%

46.9%
56.2%
51.7%

88.4%
95.3%
89.1%

2.43
3.54
2.95

0.36
0.13
0.34

PPV: Positive predictive value; NPV: Negative predictive value; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; PCT: Procalcitonin; CRP:
C-reactive protein; MELD: Model for end-stage liver disease.

Table 6 Association of presepsin, procalcitonin and C-reactive protein levels with short-term (28-d) mortality in patients with
cirrhosis and bacterial infection
Binary logistic regression analysis
Univariate

ln(Presepsin)
ln(PCT)
ln(CRP)

Multivariate

Unadjusted

P value

Adjusted for
MELD

P value

Adjusted for
leucocyte count

P value

Adjusted for
MELD and
leucocyte count

P value

3.59 (1.65-7.84)
2.54 (1.55-4.16)
2.17 (1.23-3.81)

0.001
< 0.001
0.007

1.9 (0.81-4.43)
1.89 (1.14-3.14)
1.73 (0.93-3.21)

0.138
0.014
0.081

2.91 (1.28-6.64)
2.33 (1.42-3.83)
1.84 (1.03-3.31)

0.011
0.001
0.040

1.61 (0.65-3.97)
1.81 (1.09-3.01)
1.56 (0.81-2.99)

0.303
0.022
0.180

Associations are expressed as odds ratios and 95%CI per 1 loge-unit increase. MELD: Model for end-stage liver disease; PCT: Procalcitonin; CRP: C-reactive
protein.

LR+: 1.58 vs 3.86, LR-: 0.30 vs 0.58, respectively).

above this threshold (46.9% vs 11.6%, P < 0.001). The
optimum cut-off values and the belonging sensitivities,
specificities, PPVs and NPVs of all three APPs for
identifying non-survivors are summarized in Table 5.
In the univariate logistic regression analysis,
increased presepsin level was found to be a risk factor
of short-term mortality during bacterial infection [OR =
3.59 (95%CI: 1.65-7.84), P = 0.001] similarly to CRP
and PCT. Presepsin level however lost it significance
after adjusting for MELD score and leukocyte count
[OR = 1.61, (95%CI: 0.65-3.97), P = 0.303], with
multivariate binary logistic regression analysis. PCT
was the only APP that was independently associated
with the risk of short-term mortality [OR = 1.81,
(95%CI: 1.09-3.01), P = 0.022] in this model (Table 6).

Association of presepsin level with short-term mortality
during infectious episodes

Seventy-five patients with bacterial infection were
eligible for evaluation of short-term mortality. Twentythree patients (31.5%) died within 3 mo of followup. Of these, 20 patients (27.4%) died within the
first 28 d. Plasma presepsin levels at admission were
significantly higher in non-survivors than in survivors
at the 28-d follow-up [2323 (1172-3688) pg/mL vs
852 (549-1451) pg/mL, P < 0.001]. Discriminative
ability (AUC-ROC) of presepsin was 0.76 with the best
cut-off value of 1277 pg/mL. 28-d mortality rate was
significantly higher among patients with presepsin level
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power of CRP with an AUC-ROC of 0.64 was reported
for the infections in critically ill patients with cirrhosis in
[22]
intensive care unit (ICU) , which is also in agreement
with our results. Regarding CRP, patients with cirrhosis
[5,10]
may present reduced CRP in response to infection
.
It is acknowledged that level of certain APPs
are different according to the pathogens causing
infections, while others are not. In a landmark study
[42]
of Angeletti et al
level of PCT and mid-regional
pro-adrenomedullin (MR-proADM) were found to be
significantly higher in patients with sepsis caused by
Gram-negative than Gram-positive strains. These data
[43-45]
are also confirmed by other studies
. Some reports
also highlighted differences in circulating cytokine
levels in bloodstream infections according to Gram
specificity, i.e., Gram-negative infections leaded to
higher increase in the level of interleukin (IL)-6, TNF[46]
alpha or IL-10 . On the contrary, levels of other APPs,
such as C-reactive protein, soluble (s)CD14, sCD163
or soluble urokinase plasminogen activator receptor
(SuPAR) are not in relation with the Gram specificity
[47-50]
of the infection
. In the present study, presepsin
level was not different according to Gram specificity
of the infection, which is in agreement with previous
[51-53]
literature findings
.
Overall, presepsin was indisputably a valuable
complementary tool in our cirrhotic patient cohort
from a clinical point-of-view, but cost issues might
compromise their joint use in the laboratory screening
procedure of infections. Adding presepsin to CRP
significantly increased the cost, from 0.9 to 12.5 $.
Medico-economic evaluation, however is lacking at
this time and should be performed before proposing
introduction of their combined use into routine clinical
practice. Presepsin had very similar discriminative
ability as PCT in both above-mentioned clinical
settings. Furthermore, prices of presepsin and PCT are
also comparable (12.5 and 10.7 $) suggesting their
interchangeability in this patient population.
Secondary aim of our study was to evaluate
whether presepsin is devoid of the limitations of
classic APPs in cirrhosis. Previously in a small case[10]
control study of Park et al
showed that the more
severe the underlying liver dysfunction, the lower the
CRP response to bacteremia was. Equally in a former
[9]
study , we reported that the diagnostic accuracy
of both CRP and PCT for identifying patients with
infection obviously decreased in advanced stage of
the disease or in presence of ascites. Correspondingly,
presepsin behaved similarly in the present study.
Presepsin is not primarily synthesized in the liver, thus
not the decreasing synthetic capacity is the major
limitation of their diagnostic performance in advanced
cirrhosis. Ongoing chronic inflammatory state is a
characteristic feature of cirrhosis that is potentially
able to induce the synthesis of APPs in the absence of
[54,55]
infection
and inevitably limits their clinical utility
in the diagnostic procedure of bacterial infections. Out
of various explanations, BT has major importance.

DISCUSSION
Infected patients with cirrhosis can be asymptomatic at
initial stages, but highly susceptible to dissemination of
infections due to their immunocompromised state that
often leads to development of severe disease specific
[36,37]
complications with significant mortality rate
.
Accurate laboratory markers are of importance to
maximize the efficacy of diagnostic procedure of
bacterial infections and thus making early intervention
possible. C-reactive protein is the most widely used
APP in the everyday clinical practice; however, it has
[5]
some limitations in patients with cirrhosis . Thus
identification of novel biomarkers is required to reach
this unmet need in this patient group.
Primary aim of our study was to assess the
performance of presepsin - a recently reported novel
sepsis marker - in the diagnosis of cirrhosis-associated
bacterial infections in comparison with routinely
used APPs (CRP, PCT) in such a patient cohort that
represents the everyday clinical practice. To the best
of our knowledge, this is the first study in cirrhosis,
reporting the feasibility and the usefulness of presepsin
in these clinical settings. We evaluated a large cohort
of patients, in which not only severe but also mild
forms of infections were represented. One-third of
patients had mild infections and mainly localized to
the urinary tract, while another subgroup of patients
(32%) suffered from severe infectious episodes. In our
study severe infectious episodes were defined by the
presence of hepatic and/or extrahepatic OF(s), since
currently accepted clinical definition of SIRS and hence
[38]
sepsis
is not entirely applicable to cirrhotic patients
[5]
for various reasons . New definition of OFs has
directly been elaborated for cirrhotic patient population
[3,30]
recently
that uses simple measures and is easy to
apply in everyday clinical practice. Moreover presence
[2]
of OF is predictive of worse outcome .
For the diagnosis of bacterial infections, the best
cut-off level of presepsin was 844 pg/mL in our
cirrhotic patient cohort. Diagnostic cut-off levels
were different in previous studies in non-cirrhotic
populations, but most reports suggest an approximate
[39,40]
level of 400-600 pg/mL
.
Presepsin alone was not suitable as a screening
tool to search for infection, however adding it to
CRP, we found that presepsin was clinically useful.
For the first, this combination amended efficacy of
identification of the infectious episode. Sensitivity and
NPV were increased by 9% and 4% compared to CRP
alone. Secondly, presepsin was able to distinguish
severe infectious episodes from non-severe ones
more properly compared to CRP; AUC-ROC values
were 0.85 and 0.66, respectively. Performance of
presepsin corresponds to those reported in noncirrhotic septic patient populations. In a recent meta[41]
analysis of Zheng et al , comprising a total of 8
studies and 1757 patients, the AUC of the summary
ROC (SROC) was 0.82. In contrast, weak predictive
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Bacterial translocation is frequently reported in patients
with cirrhosis-associated severe liver dysfunction or
[56,57]
ascites
. It is likely that this process resulted in
higher presepsin level in our non-infected cirrhotic
patients compared to healthy controls in previous
[39,58]
studies
. Furthermore, presepsin levels were asso
ciated with diseases severity (Child A: 361, Child B:
530 and Child C: 703 pg/mL, P < 0.001) or presence of
ascites (Yes vs No: 382 pg/mL vs 575 pg/mL, P < 0.001)
in the non-infected patient group as well.
Another important, but rarely considered issue
is the effect of renal function on the levels of APPs.
Acute kidney injury (AKI) is a frequent complication
of cirrhosis, occurring in up to 50% of hospitalized
[59]
patients with cirrhosis . Exact clearance mechanism
of presepsin is unknown but considering its low MW it is
presumably filtered by the glomeruli, reabsorbed, and
[60]
catabolized within the proximal tubular cells . From
a clinical point of view, little information is available on
the accurate association between presepsin level and
[61]
kidney function. Nagata et al reported that presepsin
levels tend to increase with decreasing glomerular
filtration rate - assessed by inulin renal clearance
measurements - and are markedly high in patients
with chronic renal failure or receiving hemodialysis.
[62]
Nakamura et al
retrospectively analyzed presepsin
levels in patients with or without sepsis presenting
in the ICU, and found that presepsin levels were
markedly high in patients with renal failure and endstage kidney disease. Accordingly, we evaluated
the impact of kidney function on presepsin levels.
Significant correlation was found between presepsin
and serum creatinine level (Spearman’s rho: +0.36, P
< 0.001). Furthermore, in a small subgroup of patients
with renal failure, presepsin values were markedly high
even in the absence of infection, at comparable levels
to those of bacterial infection but without renal failure
(1011 vs 774 pg/mL). These results suggest that the
evaluation of presepsin levels in cirrhosis warrants
special consideration during AD episodes complicated
by AKI, and probably a different cut-off is needed for
diagnosing infection in such patients.
Third aim of our study was to assess whether
presepsin is able to provide prognostic information
in cirrhosis associated bacterial infections. Studies in
[19,20,63-75]
this clinical setting only exist regarding CRP
[76-80]
and PCT
and their findings are not without co
ntroversies. In Table 2 we summarized available data
on clinical significance of CRP and PCT in short or longterm mortality of patients with cirrhosis. Most of the
studies included both stable outpatients and patients
with ongoing AD episodes with or without bacterial
infections. Furthermore, evaluations often were
done as a whole of these non-homogenous patient
groups rendering direct comparison and a single
conclusion rather difficult. Recently, an important
concept has been derived from the CANONIC
[3]
study . Acute-on-chronic liver failure (ACLF) is
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associated with systemic inflammation and robust
inflammatory response as judged by presence of
elevated CRP or elevated leukocyte count results in
worse outcome. Higher leukocyte count was found to
be an independent predictor of 28-d transplant-free
mortality. Based on these results it was reasonable
to assume that excessive increase in the APP levels,
as a representative of the exaggerated inflammatory
process could be associated with higher risk of shortterm mortality in cirrhosis during bacterial infections.
In patients with increased level of PCT, CRP and
presepsin, short-term mortality was significantly
higher. Indeed, higher level of PCT, CRP and presepsin
were associated with short-term mortality in our study.
However, after adjusting for diseases severity and
leukocyte count, this association was only preserved
for PCT and not for CRP or presepsin. From biological
point of view this finding might be explained by the
fact that presepsin has a different profile. It belongs to
a distinctive class of molecules, so-called “hormonkines”
[81]
. Procalcitonin has a cytokine-like behaviour during
inflammation and infection. It is produced primarily in
neuroendocrine cells of various organs and represents
involvement of several instead of one organ into the
[82]
pro-inflammatory response . Lastly, it has been
demonstrated that PCT has various toxic effects and
pose harm to the host. Administration of PCT to septic
animals greatly increases mortality. Antibodies directed
against PCT are able to ameliorate harmful effects of
PCT with a marked decrease symptomatology and
[83]
mortality of sepsis . Presepsin represents activation of
the monocyte-macrophage system during inflammatory
process. Macrophages have a dual effect: production of
excessive amount of inflammatory cytokines can cause
tissue damage but involvement in the resolution of the
inflammation promote tissue repair. This latter process
is driven by M2-type macrophages in the presence of
local microenvironmental anti-inflammatory signals
[84]
such as IL-10 .
Plasma presepsin was only assessed at enrolment,
and thus dynamic changes of the concentration were
unknown, which is inevitably one of the limitations
of the present study. For this reason, additional
clinical study will be needed to further investigate
serial changes in presepsin levels and their possible
association with worse outcome during infection.
To conclude, the present study suggests that
presepsin is a promising biomarker during diagnostic
procedure of bacterial infections in cirrhosis by
enhancing the diagnostic capacity of CRP and reflecting
more accurately the severity of infections. Performance
of presepsin is equal to PCT in these clinical settings.
Diagnostic accuracy of presepsin, however, decreases
in advanced stage of the disease or in the presence of
renal failure. Level of presepsin is not associated with
the pathogens causing infections. Procalcitonin, but
not presepsin, is a biomarker for predicting infectionrelated short-term mortality in patients with cirrhosis.

9181

November 7, 2016|Volume 22|Issue 41|

Papp M et al . Presepsin in cirrhosis
beneficial effects.
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To investigate the impact of IL28B and OAS gene
polymorphisms on interferon treatment responses in
children with chronic hepatitis B.
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METHODS
We enrolled 52 children (between the ages of 4 and
18) with hepatitis B e antigen-negative chronic hepatitis
B (CHB), who were treated with pegylated interferon
alfa for 48 wk. Single nucleotide polymorphisms
in the OAS1 (rs1131476), OAS2 (rs1293747),

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,
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OAS3 (rs2072136), OASL (rs10849829) and IL28B
(rs12979860, rs12980275 and rs8099917) genes were
studied to examine their associations with responses
to IFN treatment in paediatric patients. We adopted
two criteria for the therapeutic response, achieving an
hepatitis B virus (HBV) DNA level < 2000 IU/mL and
normalization of ALT activity (< 40 IU/L). To perform
the analyses, we compared the patients in terms of
achieving a partial response (PR) and a complete
response (CR) upon measurement at the 24-wk posttreatment follow-up.

OASL rs10849829 and OAS haplotypes and final IFNtreatment response in Caucasian CHB children.
Domagalski K, Pawłowska M, Zaleśna A, Pilarczyk M, Rajewski
P, Halota W, Tretyn A. Impact of IL28B and OAS gene family
polymorphisms on interferon treatment response in Caucasian
children chronically infected with hepatitis B virus. World J
Gastroenterol 2016; 22(41): 9186-9195 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i41/9186.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i41.9186

RESULTS
The PR and CR rates were 80.8% and 42.3%, res
pectively. Factors such as age, gender and liver
histology had no impact on the type of response (partial
or complete). A statistically significant relationship
between higher baseline HBV DNA and ALT activity
levels and lower rates of PR and CR was shown (P <
0.05). The allele association analysis revealed that only
the IL-28B rs12979860 (C vs T) and IL28B rs12980275
(A vs G) markers significantly affected the achievement
of PR (P = 0.021, OR = 3.3, 95%CI: 1.2-9.2 and P
= 0.014, OR = 3.7, 95%CI: 1.3-10.1, respectively).
However, in the genotype analysis, only IL-28B
rs12980275 was significantly associated with PR (AA
vs AG-GG, P = 0.014, OR = 10.9, 95%CI: 1.3-93.9).
The association analysis for CR showed that the TT
genotype of IL28B rs12979860 was present only in the
no-CR group (P = 0.033) and the AA genotype of OASL
rs10849829 was significantly more frequent in the noCR group (P = 0.044, OR = 0.26, 95%CI: 0.07-0.88).
The haplotype analysis revealed significant associations
between PR and CR and OAS haplotype (P = 0.0002
and P = 0.001, respectively), but no association with
IL28B haplotype was observed.

INTRODUCTION
It is estimated that at least 2 billion people worldwide
have serologic evidence of contact with HBV, including
approximately 350 million people who develop chronic
[1,2]
hepatitis B (CHB) . The largest proportion of chronic
cases occurs in children infected in the first years of
life; this figure reaches 90% in the case of infection
[1,3,4]
in the perinatal period
. Despite the significant
decrease in the number of new cases of CHB in
children because of the introduction of compulsory
vaccination in many countries, we are still struggling
with the treatment of adolescent patients, especially in
[5-7]
developing countries .
A 48-wk course of interferon therapy is recom
mended as a first-line treatment option for select
HBeAg-negative patients, especially young patients with
increased aminotransferase activity, which indicates the
activation of the immune system to eliminate infected
hepatocytes, and providing a therapy with antiviral and
immunomodulatory activity in the form of interferon
[8,9]
may enhance this effect . However, PEG-IFN-based
therapy is modestly effective in suppressing viral
replication in comparison to nucleos(t)ide analogues,
which are highly effective in suppressing HBV
replication. In contrast to nucleos(t)ide analogues, PEGIFN-based therapy has a higher HBsAg seroconversion
[10-12]
rate
. Therefore, pretreating patients to identify
those with the highest probability of success is of great
clinical importance to IFN therapy.
The antiviral activity of interferons is associated
with their ability to induce virus targeting proteins
[13]
such as 2’-5’-oligoadenylate synthetase (2’,5’-OAS) .
Analytic studies in human hepatocytes have confirmed
that both interferon alfa and interferon lambda, which
[14]
includes interleukin 28B, have activating effects .
The OAS proteins are well-known IFN-induced antiviral
pathway players involved in the cleavage of viral
RNA molecules, resulting in the inhibition of viral
replication. The human OAS family contains the OAS1,
OAS2, OAS3, and OASL genes, which are located on
[15,16]
chromosome 12 (in the 12q24.1 region)
. Singlenucleotide polymorphisms (SNPs) in the OAS family
genes have been identified as a factor associated with

CONCLUSION
IL28B and OAS polymorphisms are associated with
different clinical outcomes in CHB children treated with
interferon.
Key words: Chronic hepatitis B; IL28B; OAS; Singlenucleotide polymorphisms; IFN therapy; Children
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The limited efficacy and side effects associated
with IFN treatment limit its clinical use in paediatric
patients with chronic hepatitis B (CHB). Therefore,
pretreatment predictors are required to identify
those patients at highest risk for treatment response
failure. OAS and IL28B are well-known IFN-induced
antiviral pathway players; however, the impact of hostrelated genetic variability in the IL28B and OAS genes
on response rates to IFN therapy in CHB paediatric
patients has not been studied. The results of our study
show an association between IL28B rs12979860,
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susceptibility to viral infection and antiviral effects
during IFN-based therapy in patients infected with
[17-20]
HCV
.
The influence of host-related genetic variability on
differences in response rates to IFN therapy in CHB
patients is not well understood. Unlike many studies
confirming that SNPs in the interleukin 28B (IL28B)
gene play a primary role in IFN-based treatment
outcomes in patients with chronic hepatitis C, the
association between IL28B SNPs and the result of
IFN monotherapy in CHB has been a subject of very
[21-23]
few studies
. Additionally, there is limited informa
tion about the role of SNPs in 2’,5’-oligoadenylate
synthetase (OAS) family genes in the IFN response
[24,25]
in hepatitis B patients
. Currently, there are no
available results concerning the impact of IL28B or
OAS SNPs on the results of IFN therapy in a group of
paediatric patients with CHB.
The aim of this study was to determine the rela
tionship between IL28B and OAS gene family SNPs
and the biochemical and virological response rates to
PEG-IFN alfa-2a monotherapy in a cohort of Caucasian
children chronically infected with HBV.

the 1975 Declaration of Helsinki. The patients’ legal
guardians and all patients older than 16 signed a
written informed consent.

IL28B and OAS genotyping

Host genomic DNA was prepared using the QIAamp
DNA Mini Kit (Qiagen) from peripheral wholeblood samples collected in 0.5 M EDTA tubes. The
detection of IL28B (rs12979860 CT, rs12980275
AG and rs8099917 TG), OASL (rs10849829),
OAS1 (rs1131476), OAS2 (rs1293747), and OAS3
(rs2072136) SNPs was carried out with a real-time
polymerase chain reaction (real-time PCR) using the
TaqMan SNP Genotyping Assays (Applied Biosystems
by Life Technologies). For all SNPs, genotyping was
®
performed on a LightCycler 480 Instrument (Roche
Diagnostics) with the following standard reaction
conditions: 95 ℃ for 10 min, 92 ℃ for 15 s, followed
by 35 cycles of 60 ℃ for 1 min. A population analysis
for each genetic marker was performed for all patients.

Treatment responses

The main focus of this study was to determine the
predictive value of IL28B and OAS SNPs in treatment
outcomes. The impact of other prognostic factors on
the results of therapy was also analysed. To evaluate
the therapeutic effects, we assessed virological,
serological and biochemical responses by analysing
HBV DNA levels, HBsAg status and ALT activity before,
during and 24 wk after the end of therapy. A limit of
2000 IU HBV DNA/mL, which has been used in the
literature, was adopted in the virological response
[26]
analysis . In our study, we determined the impact
of genetic markers on the efficacy of therapy by
comparing patients in terms of achieving a defined
therapeutic response. We adopted two criteria for the
therapeutic response, achieving an HBV DNA level
< 2000 IU/mL and normalization of ALT activity (<
40 IU/L). To perform the analyses, we compared the
patients in terms of achieving a partial response (PR)
and a complete response (CR). CR was defined as the
suppression of viral replication to an HBV DNA level
< 2000 IU/mL and normalization of ALT activity (<
40 IU/L) 24 wk after completing the treatment. To be
classified as PR, patients were required to achieve a
positive result for at least one of the two parameters.
Based on the PR criterion, patients were divided into
those who achieved at least one of the two considered
parameters and those who did not achieve any positive
response 24 wk after completing the treatment. HBV
DNA level was assessed with a quantitative polymerase
chain reaction assay (cobas AmpliPrep/cobas TaqMan
HBV Test; Roche Diagnostics).

MATERIALS AND METHODS
Patients

We retrospectively enrolled a cohort of CHB children
of Caucasian ethnicity who were treated with PEG-IFN
alfa-2a (Pegasys) at a dose of 180 μg per week for 48
wk at the Department of Paediatric Infectious Diseases
and Hepatology.
The inclusion criteria were as follows: HBsAg
positive for more than 6 mo, confirmed detection
of HBV DNA > 2000 IU/mL or abnormal liver
biochemistry (alanine aminotransferase (ALT) > 40 IU/
L) for a period of one year prior to the start of therapy.
All the included patients were treatment naïve, HBeAgnegative, and had completed a 48-wk course of PEGIFN a-2a monotherapy with a minimum of 24 wk posttherapy follow-up.
The exclusion criteria included hepatitis C virus
(HCV) coinfection, human immunodeficiency virus (HIV)
coinfection, a coexisting autoimmune disease, cirrhosis,
hepatocellular carcinoma (HCC) or chronic liver disease
other than CHB. There were no pregnant women in
the study group. Blood samples from these patients
were used for IL28B and OAS genotyping. Detailed
demographic characteristics and other standard clinical
data, including the ALT level, HBsAg, HBeAg, and antiHBe status, HBV DNA level, and liver histology, were
obtained from the patients’ clinical documentation.
Pre-treatment liver histological analysis was carried out
by only one pathologist using the modified Scheuer
scoring system (F0–F4; A0–A4).
The study was reviewed and approved by the NCU
Bioethics Committee at Collegium Medicum NCU. All
procedures conformed to the ethical guidelines of
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Statistical analysis

The summary statistics for the continuous variables
are presented as the median and range. The
categorical variables are presented as frequencies.
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of haplotype with treatment response were performed
[27]
using SHEsis online software . The results were
considered statistically significant when the P value
was less than 0.05. Odds ratios (OR) and 95%CI were
also calculated for the statistically significant results
of compared binary clinical variables. The statistical
analysis and graphing were completed with the use
of IBM SPSS 20 and GraphPad Prism 6 software. The
statistical methods of this study were reviewed by a
biomedical statistician.

Table 1 Characteristics of hepatitis B e antigen-negative chronic
hepatitis B children
Characteristic
n
Age (yr)
Median (range)
Gender
Female/male
Staging (F)
F0/F1/F2/F3
Grading (A)
A0/A1/A2
IL28B SNPs
rs12979860 CC/CT/TT
rs12980275 AA/AG/GG
rs8099917 TT/TG/GG
OAS SNPs
rs10849829 AA/AG/GG
rs1131476 AA/AG/GG
rs1293747 GG/GA/AA
rs2072136 GG/GA/AA
Baseline HBV DNA (IU/mL)
median (range), log
< 20000
Baseline ALT (U/L)
median (range)
< 40
At week 24 of treatment
HBV DNA < 100 (IU/mL)
ALT < 40 (U/L)
At the end of treatment
HBV DNA < 2000 (IU/mL)
ALT < 40 (U/L)
24 wk post-treatment
HBV DNA < 2000 (IU/mL)
ALT < 40 (U/L)
Partial response
< 2000 IU/mL HBV DNA or <
40 IU/L ALT
Complete response
< 2000 IU/mL HBV DNA with
< 40 IU/L ALT

52
16 (4-18)
16 (30.8)/36 (69.2)
2 (3.9)/31 (59.6)/16 (30.7)/3 (5.8)
2 (3.9)/ 22 (42.3)/28 (53.8)

RESULTS

20 (38.5)/26 (50.0)/6 (11.5)
24 (46.2)/24 (46.2)/4 (7.6)
30 (57.7)/19 (36.5)/3 (5.8)

Patient characteristics and treatment responses

This study recruited 52 Caucasian children chronically
infected with HBV, including girls (30.8%) and boys
(69.2%), with a median age of 16 years. The clinical
characteristics of all the patients treated for CHB are
presented in Table 1. All the patients in the present
study had a baseline HBV DNA level above 2000
IU/mL; 31 of them had values under 20000 IU/mL
(59.6%) at baseline. The median baseline HBV DNA
of the entire group was 4.6 log10 IU/mL. Fourteen
(26.9%) patients had normal ALT activity (< 40 U/L)
at baseline. The median ALT activity was 42 U/L. The
pretreatment liver biopsy sample data, which was
assessed in all patients, showed that most of the
patients had stage F1 (59.6%) and F2 (30.7%) fibrosis
and grade A1 (42.3%) and A2 (53.8%) inflammation,
according to the modified Scheuer score. None of
these patients had cirrhosis. The genotype distributions
for the IL28B and OAS family genes are presented in
Table 1.
The HBV DNA level < 2000 IU/mL and ALT nor
malization response rates were 75.0% and 53.9%,
respectively, at the end of therapy and 51.9% and
71.2%, respectively, 24 wk post-treatment. The partial
and complete response rates were 80.8% and 42.3%,
respectively. Two (3.8%) of the analysed patients group
achieved HBsAg seroclearance (data not shown).

19 (36.5)/27 (52.0)/6 (11.5)
26 (50.0)/17 (32.7)/9 (17.3)
32 (61.5)/17 (32.7)/3 (5.8)
30 (57.7)/20 (38.5)/2 (3.8)
4.6 (3.4-8.0)
31 (59.6)
42 (12-210)
14 (26.9)
32 (61.5)
13 (25.0)
39 (75.0)
28 (53.9)
27 (51.92)
37 (71.15)
42 (80.8)

22 (42.3)

Data are presented as the number of patients (%) unless otherwise indicated.

To identify factors predicting treatment response,
we evaluated statistical significance using univariate
analysis. Differences between continuous variables,
such as HBV viral load and ALT activity, were analysed
with the Mann-Whitney U test (the distributions were
2
not parametric). The Pearson χ test or Fisher’s exact
test, where appropriate, was used for categorical
variables. IL28B and OAS SNP comparisons were
made using dominant and recessive models based
on the minor allele frequency in the presented study
group. For IL28B and OAS in the dominant model,
patients carrying one or two copies of the minor allele
were compared with the others, and for IL28B and
OAS in the recessive model, patients carrying two
copies of the minor allele were compared with the
others. Multivariate analysis was performed using
logistic regression models that included the variables
determined to be significant in univariate analysis. The
analysis of linkage disequilibrium (LD) and associations

WJG|www.wjgnet.com

Factors associated with PR

At first, we evaluated the association between clinical
baseline characteristics, including the analysed
polymorphisms, and PR (Table 2). In general, the
univariate analysis showed no relationship between
age at start of therapy, gender, liver histology and
partial response. In contrast, the baseline HBV DNA
level and ALT activity significantly affect the PR.
Higher baseline HBV DNA levels and ALT activity were
associated with decreased rates of PR.
Analysis of the IL28B and OAS gene family SNPs
showed that only the IL28B SNPs had an impact on
partial response. However, only the IL28B rs12980275
marker was significantly different in the PR group (AA
vs AG-GG, P = 0.014, OR = 10.9, 95%CI: 1.3-93.9).
The other two markers had borderline significance
(0.068 and 0.075 for CC vs CT-TT of rs12979860 and
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Table 2 Impact of clinical and genetic factors on partial
response in HBeAg-negative chronic hepatitis B children
Characteristic

PR,

No-PR,

n = 42

n = 10

Age (yr)
Median (range)
16 (4-18)
16 (5-18)
Gender
Female
14 (33.3)
2 (20.0)
Staging (F)
F0-F1
26 (61.9)
7 (70.0)
Grading (A)
A0-A1
20 (47.6)
5 (50.0)
Baseline HBV DNA
(IU/mL)
Median (range), log 4.1 (3.4-8.0) 5.9 (3.6-8.0)
< 20000
28 (66.7)
3 (30.0)
Baseline ALT (U/L)
Median (range)
44 (10-120) 63 (22-118)
< 40
13 (31.0)
1 (10.0)
IL28B rs12979860
CC
19 (45.2)
1 (10.0)
CT
20 (47.6)
6 (60.0)
TT
3 (7.2)
3 (30.0)
IL28B rs12980275
AA
23 (54.8)
1 (10.0)
AG
17 (40.6)
7 (70.0)
GG
2 (4.8)
2 (20.0)
IL28B rs8099917
TT
27 (64.2)
3 (30.0)
TG
13 (31.0)
6 (60.0)
GG
2 (4.8)
1 (10.0)
OASL rs10849829
AA
16 (38.1)
5 (50.0)
AG
20 (47.6)
5 (50.0)
GG
6 (14.3)
0 (0.0)
OAS1 rs1131476
AA
19 (45.2)
7 (70.0)
AG
15 (35.7)
2 (20.0)
GG
8 (19.1)
1 (10.0)
OAS2 rs1293747
GG
25 (59.5)
7 (70.0)
GA
15 (35.7)
2 (20.0)
AA
2 (4.8)
1 (10.0)
OAS3 rs2072136
GG
23 (54.8)
7 (70.0)
GA
17 (40.6)
3 (30.0)
AA
2 (4.8)
0 (0.0)

Table 3 Impact of clinical and genetic factors on partial
response in HBeAg-negative chronic hepatitis B children

P value OR (95%CI)

Characteristic

0.412
0.729
0.892

0.017
0.069
0.003
0.207
0.068
0.077
10.9 (1.3-93.9)

0.163
0.075
0.481
0.500
0.582
0.291
0.670
0.481
0.722
1.000
0.488

Data are presented as the number of patients (%) unless otherwise indicated.

P value

OR (95%CI)

0.141
0.454
0.942
0.746

0.671
0.613

0.116
0.189
0.790
0.033

NA

0.634
0.128
0.190
0.253
0.026

0.26 (0.07-0.88)

0.685

OAS1 rs1131476
AA
AG
GG

10 (45.5)
8 (36.4)
4 (18.1)

16 (53.3)
9 (30.0)
5 (16.7)

0.575

OAS2 rs1293747
GG
GA
AA

14 (63.6)
8 (36.4)
0 (0.0)

18 (60.0)
9 (30.0)
3 (10.0)

0.253

OAS3 rs2072136
GG
GA
AA

15 (68.2)
6 (27.3)
1 (4.5)

15 (50.0)
14 (46.7)
1 (3.3)

1.000

0.887

0.790

0.190

Data are presented as the number of patients (%) unless otherwise indicated.
NA: Not applicable.

TT vs TG-GG of rs8099917, respectively). However, the
distributions of allele frequencies for IL28B rs12979860
(C vs T) were significantly different between the PR and
no-PR groups (P = 0.021, OR = 3.3, 95%CI: 1.2-9.2),
in contrast to rs8099917 (T vs G, P = 0.082) (data
not shown). The factors that were significantly associa
ted with PR in the univariate analysis were analysed
by logistic regression analysis. We found significant
associations for baseline HBV DNA level (P = 0.037, OR
= 2.2, 95%CI: 1.1-4.7) and IL28B rs12980275 AA (P =
0.020, OR = 18.8, 95%CI: 1.6-123.2), but not for ALT
activity (P = 0.70).

association between baseline factors and complete
response (Table 3). The presented data revealed that
overall there were no statistically significant differ
ences in the baseline characteristics of the complete
response (CR) and no-CR groups in the analysed
group of children. However, ALT activity was higher in
patients in the no-CR group (48 U/L) compared with
patients with the CR group (43 U/L). Additionally, the
percentage patients with ALT < 40 U/L was higher in
the patients with a CR (36.3% vs 20.0%).
Analyses of the examined polymorphisms showed
that only the IL28B rs12979860 and OASL rs10849829

Factors associated with complete response

In the next step, we analysed the significance of the

WJG|www.wjgnet.com

No-CR,

n = 30

Age (yr)
Median (range)
16 (12-18)
17 (4-18)
Gender
Female
8 (36.4)
8 (26.7)
Staging (F)
F0-F1
14 (63.6)
19 (63.3)
Grading (A)
A0-A1
10 (45.5)
15 (50.0)
Baseline HBV
DNA (IU/mL)
Median (range), 4.6 (3.4-8.0) 4.7 (3.5-8.0)
log
< 20000
14 (63.6)
17 (56.7)
Baseline ALT
(U/L)
Median (range) 43 (10-110) 48 (17-126)
< 40
8 (36.3)
6 (20.0)
IL28B rs12979860
CC
8 (36.4)
12 (40.0)
CT
14 (63.6)
12 (40.0)
TT
0 (0.0)
6 (20.0)
IL28B rs12980275
AA
11 (50.0)
13 (43.3)
AG
11 (50.0)
13 (43.3)
GG
0 (0.0)
4 (13.4)
IL28B rs8099917
TT
15 (68.2)
15 (50.0)
TG
7 (31.8)
12 (40.0)
GG
0 (0.0)
3 (10.0)
OASL rs10849829
AA
5 (22.7)
16 (53.3)
AG
14 (63.6)
11 (36.7)
GG
3 (13.6)
3 (10.0)

0.803

0.014

CR,

n = 22
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Table 4 Association of OAS haplotypes with treatment response
Haplotype

CR

No-CR

AAAA
AAGA
AAGG
AGGG
GAGG
GGGG

0.11
0.03
0.17
0.24
0.28
0.05

0.16
0.05
0.35
0.12
0.03
0.17

P value
0.402
0.473
0.031
0.156
0.0003
0.046

OR (95%CI)

PR

No-PR

P value

OR (95%CI)

0.60 (0.18-1.98)
0.47 (0.06-3.78)
0.35 (0.13-0.92)
2.11 (0.74-6.00)
11.96 (2.38-59.97)
0.24 (0.05-1.06)

0.16
0.05
0.21
0.17
0.16
0.15

0.00
0.00
0.57
0.13
0.05
0.05

0.041
0.283
0.002
0.543
0.173
0.194

NA
NA
0.21 (0.07-0.61)
1.55 (0.37-6.48)
3.91 (0.48-31.8)
3.70 (0.45-30.25)

Data are presented as the haplotype frequency; NA: Not applicable.

markers had an impact on CR results. The recessive
genotype distributions for the IL28B rs12979860
polymorphism (CC-CT vs TT) were significantly
different between the CR and no-CR groups (P =
0.033). These results were observed because none
of the 6 children with the rs12979860 TT genotype
achieved CR and the proportion of patients with CC-CT
genotypes was comparable between the CR and noCR groups. Despite the lack of statistical significance
such as that observed in rs12979860 for the other two
IL28B polymorphisms, none of the patients carrying
homozygous genotypes for the minor alleles (GG for
rs8099917 and GG for rs12980275) achieved CR. In
contrast to the PR results, there were no statistically
marginal or significant differences in CR rates for the
dominant genotype and allele frequency distributions
of the IL28B markers. The genotype distributions for
the OASL rs10849829 polymorphisms (AA vs AG-GG)
were significantly different between the CR and no-CR
groups. In our series, for rs10849829, the OR of being
a responder for the AA genotype compared to the AG
and GG genotypes was 0.26 (95%CI: 0.07-0.88).
CR was achieved in 5/21 (23.8%) of patients with
the AA genotype at rs10849829, 14/25 (56.0%)
patients with the genotype AG, and 3/6 (50.0%)
patients with the genotype GG. Multivariate analysis
for factors significantly associated with CR in univariate
analysis showed only borderline significance for OASL
rs10849829 AA (P = 0.061) in predicting a complete
response.

(Table 4). The global tests revealed significant as
sociations between OAS haplotype and PR and CR (P
= 0.0002 and P = 0.001, respectively). Significant
differences in haplotype frequencies between the
CR and no-CR groups were noted for the G-A-G-G
haplotype (28% vs 3%, P = 0.0003), the A-A-G-G
haplotype (17% vs 34%, P = 0.031) and the G-GG-G haplotype (5% vs 17%, P = 0.046). In addition,
the haplotypes A-A-A-A and A-A-G-G were associated
with the PR group rather than the no-PR group (16%
vs 0%, P = 0.041 and 21% vs 57%, P = 0.002,
respectively).
In our study cohort, the IL28B SNPs were in strong
2
LD (D’ = 0.999 for all pairs; r ranges from 0.550 to
0.712). The global IL28B haplotype analyses indicated
that the response groups (PR vs no-PR and CR vs noCR) did not contain significantly different haplotype
frequencies. However, the C-A-T haplotype (major
alleles of all markers) was significantly associated with
achieving PR (69% in the PR group vs 40% in the
no-PR group, P = 0.015). In addition, for the T-G-G
haplotype (minor alleles of all markers) there was a
borderline significant difference between the CR and
no-CR groups (16% vs 30%, P = 0.09) and the PR
and no-PR groups (21% vs 40%, P = 0.06).

DISCUSSION
The limited efficacy, high cost and side effects as
sociated with PEG-IFN treatment limit its clinical use in
patients with CHB; however, this therapy is currently
the only option for the permanent elimination of the
[28]
virus . Although viral clearance is rarely achieved
with IFN treatment, it is more common with treatment
than the natural rate of HBsAg seroclearance, which
[29-31]
remains at a level of 2%-3%
. In this study of
a group of paediatric patients, two (3.8%) patients
permanently eliminated the virus.
Since there is no method of eradicating HBV, the
current realistic goal of antiviral therapy is to achieve
the permanent suppression of HBV replication to a level
enabling the inhibition or retardation of inflammation
and fibrosis of the liver and to protect against the
[32,33]
development of hepatocellular carcinoma
. In the
case of HBeAg-negative patients treated with IFN,
reducing the viral load of HBV DNA after treatment
to less than 2000 IU/mL is usually considered a

Impact of OAS and IL28B haplotypes on treatment
responses

Because all four OAS SNPs were located in a cluster
on chromosome 12, we analysed the association of 4
SNPs with treatment response. First, we determined
whether the four analysed SNPs were in strong linkage
disequilibrium (LD). Overall, LD analysis demonstrated
that rs1131476 OAS1, rs1293747 OAS2, rs2072136
OAS3 and rs10849829 OASL were in slight linkage
2
disequilibrium (ranges, D’ = 0.358 - 0.999, r = 0.023
- 0.382). The strongest LD was noted for the OAS1
2
and OAS3 markers (D’ = 0.635, r = 0.152) and for
2
the OAS2 and OAS3 markers (D’ = 0.999, r = 0.382).
In the next step, we conducted a haplotype analysis
of the 4 OAS SNPs. There were 6 common haplotypes
with a frequency exceeding 5% in our study cohort
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therapeutic success. The other endpoint of IFN therapy
is a reduction in ALT to levels considered normal and
[28]
the improvement of liver histology . In our study,
42.3% of the patients achieved a complete response
(HBV < 2000 IU/mL with ALT normalization), which is
a result similar to the results obtained in other tests
carried out among adult patients negative for HBe
[11,34,35]
antigen
.
Identification of the molecular mechanisms affec
ting the efficacy of interferon therapies and the
severity of side effects of the treatment remain one of
the main objectives of the study. In the current study,
we analysed the relationship between polymorphisms
in the interleukin 28B gene and OAS gene family and
the response to interferon therapy in children with
CHB. In our previous study, which included adult
patients, we demonstrated that IL28B markers are
associated with response to interferon therapy in
[36]
patients with HBeAg negative CHB . Other previous
studies tried to determine whether having favourable
IL28B genotype markers is associated with a better
response to interferon therapy in HBeAg-negative
adult patients, but the results were inconclusive.
Some reports have suggested that the presence of
favourable IL28B genotypes is associated with a better
[31,37]
response to treatment
, while others have indicated
that there is no association between IL28B SNPs and
[26,38]
the response to treatment with interferon
. In
the present study, we demonstrated a statistically
significant relationship between the rs12979860
marker and the response to treatment with interferon
in patients with CHB. However, the results indicate
the importance of the unfavourable TT genotype in
estimating the chances of treatment failure.
Oligoadenylate synthetase plays a critical role in
innate immunity, controlling the outcome of virus
production. Consistent with the important role of
OAS proteins in viral infection, it was shown that
polymorphisms in the OAS genes are associated with
[18]
increased susceptibility to HCV infection
and IFN
[17,19,20]
treatment outcomes
. However, the molecular
basis for this association is not well understood. In
several studies, it was shown that polymorphisms
in the OAS genes result in variations in enzyme
[39]
activity by influencing basal enzyme activity , gene
[17]
[40]
expression or cellular localization .
In our study, we tried determine whether SNPs
within the OAS genes may also affect the efficacy of
interferon therapy in paediatric patients with CHB. In
this study, a total of four SNPs located in the OAS1
(rs1131476), OAS2 (rs1293747), OAS3 (rs2072136)
and OASL (rs10849829) genes were selected. The
results of our study indicate that only the OASL
rs10849829 marker has an impact on final therapeutic
success, which was defined as the suppression of viral
replication to an HBV DNA level < 2000 IU/mL and
normalization of ALT activity 24 wk after completing
treatment. The connection between the OAS gene

WJG|www.wjgnet.com

polymorphisms and the efficacy of interferon therapy
has not been extensively studied in patients with CHB.
A small number of available studies have been carried
out only in Han Chinese treatment-naïve CHB patients,
[24,25]
who are representative of the Asian population
.
[24]
The study of Wu et al
demonstrated an association
between interferon treatment and the haplotype G-TG-A within the rs3177979G, rs1293747T, rs4767043G,
and rs10849829A alleles, which occur in the OAS1,
OAS2, OAS3, and OASL genes, respectively, instead
of with OASL rs10849829. In this study, the authors
suggested that patients with a G-T-G-A OAS haplotype
were less responsive to IFN treatment. In agreement
[24]
with the results of Wu et al
we demonstrated that
the AA genotype of rs10849829 was associated
with failure of IFN therapy; however, there were no
significant differences in allele frequencies between
the different response groups. Additionally, the authors
showed that the allele frequencies and genotype
distributions of all the examined OAS SNPs were not
correlated with treatment outcomes in patients who
underwent IFN therapy. In another study conducted
[25]
by Ren et al , the influence of 4 SNPs - rs2285934
OAS1, rs2072138 OAS2, rs2072136 OAS3 and
rs10849829 OASL - on the outcome of a 48-week
IFN treatment of Han Chinese treatment-naïve CHB
patients (265 HBeAg-positive, 55 HBeAg-negative,
and 43 inactive HBsAg carriers) was evaluated.
In this study, treatment response was defined as
HBsAg seroconversion or HBeAg seroconversion
for the patients who were HBeAg-positive, without
HBsAg seroconversion. In contrast to our results, the
allele frequencies and genotype distribution analysis
of these SNPs showed that only the OAS3 SNP
(rs2072136 T/C) was independently associated with
IFN treatment response. However, OAS haplotype
analysis demonstrated significant associations
between haplotypes and response to IFN treatment.
The most common haplotype C-C-T-A (rs2285934C,
rs2072138C, rs2072136T and rs10849829A) was
associated with non-response. Based on the results
of these two studies, in our study we conducted a
haplotype analysis of the 4 SNPs. Although the sample
size was relatively small, we identified an association
between the OAS haplotypes and PR and CR to IFN
treatment.
In addition to the different endpoints of therapy,
the reason for the discrepancies in the results of our
work may be, as for other OAS gene polymorphisms,
differences in the distribution of alleles between
Caucasian and Asian populations. While the most
common genotype for the rs10849829 marker is
[25]
genotype AA (approx. 60% ) in the Asian population,
in our study, the percentage of patients with the AA
genotype did not exceed 40%. The differences in the
distribution of alleles between populations and their
role in predicting response to interferon therapy in
patients infected with HCV have been documented
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Terminology

[41]

for IL28B polymorphisms . Additionally, Lampertico
[42]
et al
suggest that studies of IL28B genotype and
response to peginterferon in chronic hepatitis B should
be stratified by HBV genotype. Although comparing the
results for the Caucasian population with the results
of the Asian population is difficult due to differences
in the human alleles and HBV genotype distributions,
it indicates the direction required for further studies,
including those in Caucasian patients.
In summary, the presented study demonstrated
a relationship between the IL28B rs12979860 and
rs10849829 OASL genotypes, OAS haplotypes and
the final IFN treatment outcome in paediatric patients
infected with CHB. We noted that the unfavourable
IL28B SNP genotype was present only in the no-CR
group. Unlike adult studies, paediatric studies are
definitely less frequent and are carried out in relatively
small populations. Even the group we studied was not
large enough to produce results that can be considered
final. Nevertheless, this study indicates the potential
markers we should focus on during further studies
involving larger groups of patients.

2,5 -oligoadenylate synthetases are the family of interferon-induced enzymes
that play a critical role in controlling the production of viral proteins. The human
OAS family contains the OAS1, OAS2, OAS3, and OASL genes located on
chromosome 12. Interleukin 28B is a cytokine belonging to the interferon
lambda family that plays a role in immune defence against virus infection,
including inducing the transcription of antiviral genes such as the OAS genes.

Peer-review

This study examined the association between SNPs in OAS and IL28B and the
biochemical and virological response rates to PEG-IFN alfa-2a monotherapy
in a cohort of Caucasian children chronically infected with HBV. The results of
this study revealed that patients with the AA allele at OASL rs10849829 and the
TT allele at IL28B rs12979860 have lower chances of a complete response. In
addition, this study found that the OAS1 (rs1131476), OAS2 (rs1293747), OAS3
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the treatment response.
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Abstract
AIM
To simplify the diagnostic criteria for superficial eso
phageal squamous cell carcinoma (SESCC) on Narrow
Band Imaging combined with magnifying endoscopy
(NBI-ME).

Informed consent statement: This study was carried out as
a post-hoc analysis by using the data from our previous study
of randomized controlled trial. All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: We have no financial
relationship to disclose.

METHODS
This study was based on the post-hoc analysis of a
randomized controlled trial. We performed NBI-ME for
147 patients with present or a history of squamous cell
carcinoma in the head and neck, or esophagus between
January 2009 and June 2011. Two expert endoscopists

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
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detected 89 lesions that were suspicious for SESCC
lesions, which had been prospectively evaluated for the
following 6 NBI-ME findings in real time: “intervascular
background coloration”; “proliferation of intrapapillary
capillary loops (IPCL)”; and “dilation”, “tortuosity”,
“change in caliber”, and “various shapes (VS)” of IPCLs
(i.e. , Inoue’s tetrad criteria). The histologic examination
of specimens was defined as the gold standard for
diagnosis. A stepwise logistic regression analysis was
used to identify candidates for the simplified criteria
from among the 6 NBI-ME findings for diagnosing
SESCCs. We evaluated diagnostic performance of the
simplified criteria compared with that of Inoue’s criteria.

Dobashi A, Goda K, Yoshimura N, Ohya TR, Kato M, Sumiyama
K, Matsushima M, Hirooka S, Ikegami M, Tajiri H. Simplified
criteria for diagnosing superficial esophageal squamous
neoplasms using Narrow Band Imaging magnifying endoscopy.
World J Gastroenterol 2016; 22(41): 9196-9204 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i41/9196.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i41.9196

INTRODUCTION
Esophageal cancer is one of the most common cancers,
and the number of deaths related to esophageal cancer
[1]
ranks sixth worldwide . The histology of esophageal
cancer mainly consists of squamous cell carcinoma
(SCC) and adenocarcinoma. Especially in developing
countries and Asian countries, SCC accounts for about
[2]
90% of esophageal cancer . Esophageal cancer at
an advanced stage brings a dismal prognosis; thus,
the detection of esophageal cancer at an early stage
is needed to obtain a higher quality of life and better
[3,4]
prognosis .
However, it is difficult to detect esophageal SCC at
an early stage using white light imaging endoscopy
(WLI), because most of the superficial esophageal
[4]
SCCs (SESCC) appear flat and/or isochromatic .
Lugol staining has high sensitivity for the detection of
SESCCs but low specificity, as well as the potential for
adverse effects including severe discomfort and allergic
[5]
reaction .
Narrow Band Imaging (NBI) is a revolutionary
technology utilizing optical imaged-enhanced endo
[6,7]
scopy for diagnosing SESCCs . The NBI can visualize
a SESCC clearly as a well-demarcated brownish
area without the use of Lugol staining. However, the
brownish appearance occasionally represents a falsepositive SESCC, because esophageal mucosa with
[8,9]
inflammation also appears brown under NBI .
In the normal esophageal mucosa, loop-like vessels
arise from the subepithelial capillary network beneath
the epithelium. These microvessels are inside the
epithelial papillae and named “intrapapillary capillary
[6]
loops (IPCLs)” . The IPCLs or abnormal microvessels
in the superficial layer of the lesion are clearly
visualized on magnifying endoscopy in combination
with NBI.
SESCC lesions have abnormal microvessels with
severe irregularity. The severe irregularity is defined
as having morphological changes as follows: “dilation”,
“tortuosity”, “change in caliber”, and “various shapes
[6,10]
(VS)”
. When SCC invades up to the lamina propria
mucosae, the abnormal microvessels with severe
irregularity show a loop-like formation. When the tumor
invasion reaches the muscularis mucosae or shallowly
invades the submucosae, abnormal microvessels
show no loop-like formation that has a stretched and
markedly elongated transformation. The tumor deeply
invading the submucosae has abnormal vessels with

RESULTS
Fifty-four lesions (65%) were histologically diagnosed
as SESCCs and the others as low-grade intraepithelial
neoplasia or inflammation. In the univariate analysis,
proliferation, tortuosity, change in caliber, and VS were
significantly associated with SESCC (P < 0.01). The
combination of VS and proliferation was statistically
extracted from the 6 NBI-ME findings by using the
stepwise logistic regression model. We defined the
combination of VS and proliferation as simplified dyad
criteria for SESCC. The areas under the curve of the
simplified dyad criteria and Inoue’s tetrad criteria were
0.70 and 0.73, respectively. No significant difference
was shown between them. The sensitivity, specificity,
and accuracy of diagnosis for SESCC were 77.8%,
57.1%, 69.7% and 51.9%, 80.0%, 62.9% for the
simplified dyad criteria and Inoue’s tetrad criteria,
respectively.
CONCLUSION
The combination of proliferation and VS may serve as
simplified criteria for the diagnosis of SESCC using NBIME.
Key words: Simplified criteria; Narrow Band Imaging;
Magnifying endoscopy; Esophageal cancer; Squamous
cell carcinoma; Endoscopic diagnosis; Classification;
Superficial squamous cell carcinoma; Stepwise logistic
regression analysis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Narrow Band Imaging combined with mag
nifying endoscopy (NBI-ME) significantly improves
the diagnostic accuracy for superficial esophageal
squamous cell carcinoma (SESCC). However, cur
rently used NBI-ME diagnostic criteria may confuse
endoscopists and inhibit the widespread use of NBI-ME.
The findings of this study suggest that simplified dyad
criteria composed of the presence of “proliferation of
intrapapillary capillary loops (IPCL)” and “various shapes
(VS) of IPCLs” had comparable diagnostic performance
to Inoue’s tetrad criteria, which are the most popular
diagnostic criteria for SESCC. Proliferation and VS
may serve as simplified NBI-ME criteria for diagnosing
SESCC.
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(4) history of intolerance to Lugol chromoendoscopy or
allergic reaction to iodine; (5) concurrent presentation
of an esophageal varix; (6) current pregnancy in women;
and (7) contraindication to stopping antiplatelet or
anticoagulant medication.

NBI-lugol study population:
294 cases
Lugol group: 147 cases
This study population (NBI group):
147 cases

Endoscopic examination and biopsy protocol

16 lesions (HGIN: n = 7, SCC: n = 9)
were not detected by NBI-ME

NBI-ME was performed using a high-definition
magnifying endoscope (GIF-H260Z; Olympus, Tokyo,
Japan) and a 19-inch high-resolution liquid-crystal
monitor (OEV19H, Olympus). The combination of
the endoscope and the monitor enabled endoscopic
examination at a maximum magnification of 90-fold.
A black rubber attachment (MB-46, Olympus) was
mounted on the tip of the endoscope to maintain an
adequate distance between the tip of the endoscope
and the targeted lesion. The NBI-ME inspections were
all performed by two experts (Goda K or Yoshimura
N) who both had experience in NBI-ME observation of
more than 200 SESCC cases.
Under NBI without magnification, we detected all
well-demarcated brownish areas > 5 mm in diameter
and non-brownish areas with elevation or depression
that were suspicious for SESCC. Once the suspicious
lesion was detected, we performed further inspection
subsequently by adding magnification with NBI (i.e.,
NBI-ME), and the suspicious lesions was evaluated
in real time the presence or absence of each of the 6
NBI-ME findings (Figure 2). Finally, we applied Lugol
solution, and biopsies were taken from all target lesions
that were detected under NBI and irregularly shaped
lesions > 5 mm diameter identified with Lugol staining.
The biopsied lesions were removed by endoscopic
or surgical resection if histology demonstrated highgrade intraepithelial neoplasia (HGIN) or SCC. We
analyzed lesions that were detected by NBI inspection
and excluded lesions that were detected only by Lugol
chromoendoscopy in this study.

NBI-ME observation
(evaluated in real time the presence or absence
of each of the 6 NBI-ME findings):
58 cases 89 lesions

Figure 1 Overview of the study design. HGIN: High-grade intraepithelial
neoplasia; SCC: Squamous cell carcinoma; NBI-ME: Narrow Band Imaging
magnifying endoscopy.

severe dilation and green color. Thus, the identification
of IPCLs and abnormal microvessels can contribute to
accurate diagnosis and reduced false-positive results
[6,8]
in the diagnosis of SESCC . Previous studies have
shown a significantly higher diagnostic accuracy for
SESCC with NBI combined with magnifying endos
copy (NBI-ME) when compared with WLI and Lugol
[4,8]
chromoendoscopy .
NBI-ME is not widely used despite its high diagnostic
[11]
performance . Previous studies proposed a total of
6 NBI-ME findings that are significantly suggestive of
SESCC. The 6 NBI-ME findings comprise complicated
diagnostic criteria that may prove confusing for general
endoscopists and prevent the widespread application
[4,6,12,13]
of NBI-ME
. We considered that simplifying the
NBI-ME diagnostic criteria. It may overcome the issues
on NBI-ME if the NBI-ME diagnostic criteria can be
simplified. The aim of this study was to identify NBIME findings for construction of simplified criteria for
diagnosing SESCC.

MATERIALS AND METHODS

Diagnostic criteria of SESCC using NBI-ME

NBI enhances the contrast between microvessels
and background mucosa in the esophagus, so that
microvessels can be observed clearly using NBI[6]
[6,12-14]
ME . Inoue et al
observed the last branch of
the superficial vascular structures in the esophagus
and named it the IPCL. Moreover, they proposed a
close relationship between morphological changes
of IPCLs and histological atypia. The lesions were
highly suspicious for SESCC in the lesions had the four
following morphological changes: “dilation,” “tortuosity,”
“change in caliber,” and “VS” (i.e., Inoue’s tetrad
[6,12,15]
criteria)
. Inoue’s tetrad criteria are the most
[10]
popular NBI-ME diagnostic criteria for SESCC .
[8,16,17]
Proliferation
and intervascular background
[18,19]
coloration (IBC) (i.e., background coloration
,
[13,20,21]
brownish epithelium
, and inter-vascular brownish
[8,16]
epithelium
) are also NBI-ME findings strongly

Study design and patients

This study was carried out as a post-hoc analysis by
using the data from our previous study of RCT (NBI[8]
Lugol study) . The NBI-Lugol study was approved by
the institutional review board at the Jikei University
School of Medicine and was compliant with the De
claration of Helsinki. The patients who had a histolo
gically confirmed present or past history of SCC in the
head and neck, or esophagus from January 2009 to
June 2011 were randomly assigned to the NBI group (n
= 147) or Lugol group (n = 147). Only patients in the
NBI group underwent the NBI-ME inspection. Therefore,
the data from NBI group patients was analyzed in this
study (Figure 1). The exclusion criteria in the NBI-Lugol
study were as follows: (1) prior esophagectomy; (2)
history of chemotherapy or radiotherapy for SESCC;
(3) recent history of chemotherapy for any malignancy;
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Magnified NBI endoscopy finding
Normal

Intervascular background coloration
Proliferation
Morphological change of IPCLs
Dilation
Tortuosity

Changes in caliber
Various shapes

Definition

Schema

Superficial microvessels with a single loop but no changes in
caliber or no various shapes in the normal whitish mucosa [i.e.,
intrapapillary capillary loops (IPCL)]
Brownish coloration between microvessels that differed from
whitish epithelium of surrounding normal mucosa
The presence of a group of higher dense microvessels compared
with a density of IPCL on surrounding normal mucosa
Diameters of a group of microvessels were at least twice compared
with those of IPCL on surrounding normal mucosa
The presence of a group of microvessels that are more greatly or
sharply twisted or bent compared with IPCL on surrounding normal
mucosa
The presence of abrupt changes in vessel diameter (i.e., thickening or
narrowing) in a group of microvessels
The presence of highly diverse morphologies in a group of
microvessels

Figure 2 Definitions of Narrow Band Imaging magnifying endoscopy findings. NBI: Narrow Band Imaging; IPCL: Intrapapillary capillary loop.

resected specimens was evaluated by a pathologist
(Ikegami M) who was experienced in diagnosing early
esophageal cancers and blinded to any endoscopic
findings. The histological diagnosis was established
according to the Japanese classification of esophageal
[22]
cancer . SESCC was histologically defined as HGIN
or SCC invading up to the submucosa. If the histology
results were different between the biopsied and
resected specimens in the same lesion, the worse
histology was considered the final histology of the
lesion.

Table 1 Demographics of patients and lesions, n
Number of patients
Age (yr), median (range)
Male, n (%)
History of cancers (head and neck/esophagus)
Drinking history
Number of drinkers
Drinking duration (yr), median (range)
Number of flushers
Smoking history
Number of smokers
Smoking (yr), median (range)
Number of lesions
Diameter of lesions (mm), median (range)
Histology (SCC/HGIN/LGIN/inflammation)
Superficial esophageal squamous cell carcinoma
(including HGIN)
Diameter (mm), median (range)
Macroscopic type; n, (0-Ⅰ/0-Ⅱa/0-Ⅱb/0-Ⅱc
/0-Ⅲ)
Depth of invasion; n, (HGIN/EP, LP/MMSM1/SM2/unknown1)
Treatment; n, (ER/SR/CRT/others)

n = 147
67 (39-86)
130 (88%)
85/74
134
40 (10-68)
102
129
35 (3-70)
89
15 (4-100)
48/6/27/8
54

Statistical analysis

To assess the relationship between each NBI-ME
2
finding and the diagnosis of SESCC, the Pearson χ test
was used for comparisons of variables in a univariate
analysis. We did not perform a multivariate analysis
because a stepwise logistic regression analysis was
used to estimate the association between histologically
determined SESCC and the 6 NBI-ME findings, as well
as to identify the best combination of NBI-ME findings
for diagnosing SESCC.
The associations were evaluated in terms of odds
ratio with 95%CI. The diagnostic performances of the
simplified and Inoue’s tetrad criteria were evaluated
by means of the area under the curve (AUC) from
the receiver operating characteristic (ROC) curve. The
diagnostic values (sensitivity, specificity, and overall
accuracy) were calculated based on the per lesion
analysis. Categorical variables were compared using
2
the χ test or Fisher’s exact test. Statistical significance
was defined as a two-tailed P value of < 0.01. Stata
Version 11 software (Stata Corp, College Station,
Texas, United States) was used for all statistical
analyses.

19 (4-100)
5/2/25/21/1
3/29/7/3/12
32/11/5/6

1

Only biopsy was obtained. SCC: Squamous cell carcinoma; HGIN: Highgrade intraepithelial neoplasia; LGIN: Low-grade intraepithelial neoplasia;
EP: Epithelium; LPM: Lamina propria mucosae; MM: Muscularis mucosae;
SM: Submucosae; ER: Endoscopic resection; SR: Surgical resection; CRT:
Chemoradiotherapy.

suggestive of SECCC. These 6 NBI-ME findings were
[8]
prospectively evaluated in the NBI-Lugol study . The
definitions of the NBI-ME findings are listed in Figure 2.

Outcome and measurement

The primary goal was to identify a minimal number of
NBI-ME criteria for SESCC. The secondary goal was
to evaluate diagnostic performance of the simplified
criteria compared to Inoue’s tetrad criteria.

RESULTS

Histological evaluation

The demographics of patients and lesions are listed

The histology from biopsied or endoscopically/surgically
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A

B

C

Figure 3 Representative case of superficial squamous cell carcinoma. A: On non-magnifying NBI endoscopy, the lesion demonstrated a well-demarcated
brownish area; B: The lesion has all six of the diagnostic findings obtained by using NBI-ME; C: Histology from endoscopic submucosal dissection showing squamous
cell carcinoma invading up to the lamina propria mucosae. NBI: Narrow Band Imaging; NBI-ME: Narrow Band Imaging combined with magnifying endoscopy.

Table 2 The results of the univariate analysis of the Narrow Band Imaging combined with magnifying endoscopy findings for the
diagnosis of superficial esophageal squamous cell carcinoma, n (%)
NBI-ME findings

Esophagitis

LGIN

SESCC

Odds ratio (95%CI)

P value

IBC
Proliferation
Dilatation
Tortuosity
Change in caliber
Various shapes

(n = 8)
1 (13)
3 (38)
3 (38)
2 (25)
2 (25)
3 (38)

(n = 27)
19 (70)
21 (78)
20 (74)
14 (52)
6 (22)
14 (52)

(n = 54)
45 (83)
50 (93)
48 (89)
44 (81)
31 (57)
46 (85)

3.3 (1.2-8.9)
5.0 (1.4-17.5)
3.6 (1.2-11.1)
5.2 (2.0-13.6)
4.5 (1.7-11.8)
5.4 (2.0-14.8)

NS
< 0.01
NS
< 0.01
< 0.01
< 0.01

NBI-ME: Narrow Band Imaging combined with magnifying endoscopy; LGIN: Low-grade intraepithelial neoplasia; SESCC: Superficial esophageal
squamous cell carcinoma; IBC: Intervascular background coloration; NS: Not significant.

of VS and proliferation was statistically extracted from
the 6 NBI-ME findings by using a stepwise logistic
regression model. We defined the combination of VS
and proliferation as a simplified “dyad criteria” for the
NBI-ME diagnosis of SESCC.
The diagnostic performance of the simplified dyad
criteria was compared with that of Inoue’s tetrad
criteria using the ROC curve. The AUC of the simplified
dyad criteria and Inoue’s tetrad criteria were 0.70
(95%CI: 0.60-0.80) and 0.73 (95%CI: 0.63-0.84),
respectively. No significant difference was shown
between them (Figure 5).
The sensitivity of a brownish area alone and sim
plified dyad criteria for diagnosing SESCC were 92.6%
and 77.8%. There was no difference between them.

Table 1. The median age of patients was 67 year-old,
and 88% of patients were male. Eighty-five patients
had a history of head and neck SCCs, while seventyfour had a history of SESCCs. The median lesion size
was 15 mm. The histology of 54 lesions (65%) was
SESCC, 27 were low-grade intraepithelial neoplasia
(LGIN), and 8 were inflammation. In the 54 SESCC
lesions, the median diameter was 19 mm, the majority
(87%) had a flat appearance (0-IIb) on endoscopy,
and more than half of the SESCCs (59%) were confined
to the lamina propria mucosae and treated with
endoscopic resection (Figures 3 and 4).
In the univariate analysis (Table 2), proliferation,
tortuosity, change in caliber, and VS were significantly
associated with SESCC (P < 0.01). The combination
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A

B

C

Figure 4 Representative case of low-grade intraepithelial neoplasia. A: On non-magnifying NBI endoscopy, the lesion demonstrated a well-demarcated brownish
area; B: Under magnifying NBI observation, the lesion had only two of the six findings, “intervascular background coloration” and “dilation” of IPCLs; C: The histology
from biopsy showed low-grade intraepithelial neoplasia. NBI: Narrow Band Imaging; IPCL: Intrapapillary capillary loop.

A

1.00

Table 3 Diagnostic performance of each criteria

Sensitivity

0.75
0.50
0.25
0.00
0.00

Sensitivity
Specificity
Overall
accuracy

AUC: 0.70

0.25

0.50

0.75

Brownish area alone

Simplified dyad criteria

(95%CI)

(95%CI)

92.6% (82.1-97.9)
8.57% (1.8-23.1)
59.6% (48.6-69.8)

77.8% (64.4-88.0)
57.1% (39.4-73.7)
69.7% (59.0-79.0)

P value
NS1
P < 0.012
NS1

1 2

χ test; 2Fisher’s exact test; NS: Not significant.

1.00

1 - specificity

B

the specificity of simplified dyad criteria and that of
Inoue’s criteria (57.1% vs 80.0%).

1.00

Sensitivity

0.75

DISCUSSION

0.50
0.25
0.00
0.00

Using the data from the RCT (NBI-Lugol study) and a
stepwise logistic regression model, VS and proliferation
were extracted from the 6 NBI-ME findings that had
[6,8,13]
been reported to be strongly suggestive of SESCC
.
VS and proliferation might be candidates for simplified
criteria with diagnostic performance comparable to
Inoue’s tetrad criteria.
We evaluated 6 NBI-ME findings that have been
[6,8,13]
previously reported as useful for diagnosing SESCC
.
The 6 NBI-ME findings can be divided into the following
three categories: 4 morphological changes (i.e., dilation,
tortuosity, change in caliber, VS), an increasing number
of IPCLs (proliferation), and color change of background
mucosa (i.e., IBC). VS was statistically extracted as

AUC: 0.73

0.25

0.50

0.75

1.00

1 - specificity

Figure 5 Diagnostic performance based on the receiver operating
characteristic analysis. The area under the curve of the simplified dyad
criteria (A) was 0.70 and that of Inoue’s tetrad criteria was 0.73 (B). No
significant difference was found between them. AUC: Area under the curve.

The specificity of the simplified dyad criteria was
significantly greater than that of a brownish area alone
(P < 0.01, Table 3). There was no difference between
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one of the simplified dyad criteria for the prediction
of SESCC. VS may be indicative of the presence of
the other 3 morphological changes of IPCLs, because
95% of the lesions with VS also had dilation, tortuosity,
or change in caliber. Thus, VS may more efficiently
represent 3 morphological changes of IPCLs.
In contrast, proliferation is not related to IPCL
morphology but to newly developed microvasculature.
A previous study showed that vasculature increases
[23]
during the early phases of cancer development .
[24]
Kumagai et al already indicated that the microvessel
density in SESCC gradually increased in proportion
to the depth by using immunohistochemical staining
with CD34 and CD105. Their study will support our
result that proliferation of IPCLs is one of two highly
suggestive NBI-ME findings to diagnose SESCC. This
may be the reason why proliferation was extracted
as the other factor of the simplified dyad criteria.
Proliferation may complement the diagnostic value
of IPCL morphological changes, including VS.
Thus, it seemed reasonable that these two findings
based on IPCL morphology and newly developed
microvasculature were the best combination for
diagnosing SESCC.
Several studies have shown a close relationship
[18-21]
between IBC and SESCC
; however, IBC was
not extracted from the 6 NBI-ME findings and not
included in the simplified dyad criteria. IBC might be
caused by an extravascular component of hemoglobin
[25]
that is produced within tumor cells , as well as
thinning of the keratinous layer or epithelium caused
[19]
by neoplastic cell proliferation . LGIN cells may be
the source of the hemoglobin, while intraepithelial
infiltration of inflammatory cells may cause the thin
ning the keratinous layer or epithelium. Thus, LGIN
and esophageal mucosa with inflammation may
demonstrate IBC, and this may be the reason why IBC
was not extracted in this study.
A brownish area is a reliable landmark in the
detection of SESCC, as the presence of a brownish
area alone showed a very high sensitivity (92.6%).
However, since SESCC detection based on a brownish
area alone involved a high false-positive rate as seen
[8,9]
in a previous study , the specificity of a brownish
area was considerably low (8.6%) in this study.
Simplified and Inoue’s criteria showed a much higher
specificity but lower sensitivity than the presence of
a brownish area alone. As with Inoue’s tetrad criteria,
the simplified dyad criteria of NBI-ME will reduce the
high false-positive rate of a brownish area alone.
Concerning the esophagus, we propose an ideal
endoscopic examination as follows. Initially, we
should pay attention to elevated or depressed lesions
and brownish areas using an NBI non-magnifying
endoscopy. We then evaluate for the presence of
VS and proliferation under NBI-ME for all suspicious
lesions. This strategy may allow endoscopists to detect
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and discriminate SESCC from inflammation and LGIN
easily, quickly, and accurately. The dyad criteria may
enable a simplified diagnosis of SESCC and lead to
widespread use of the NBI-ME.
This study has several limitations. First, this is a
retrospective study based on statistical analysis. A
prospective study with a clinical setting is needed to
validate these study results. Second, NBI-ME findings
were evaluated only by expert endoscopists. The
diagnostic utility of the simplified dyad criteria should
be validated by non-experts as well as experts. Finally,
the lesions detected only by Lugol chromoendoscopy
were not included in this study. However, it may not
affect the results, as the number of SESCCs only
detected by Lugol chromoendoscopy was small.
In conclusion, the combination of VS and proli
feration may be considered simplified criteria for
diagnosis of SESCC based on NBI-ME findings.
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The prognosis of patients with esophageal squamous cell carcinoma (SCC) is
improved if the tumor is detected at an early stage. The usefulness of Narrow
Band Imaging combined with magnifying endoscopy (NBI-ME) for early
detection and characterization of superficial esophageal SCC (SESCC) has
been previously reported. However, NBI-ME is somewhat limited in clinical
application because the current criteria for NBI-ME findings are complicated.
Thus, simplified criteria are needed.

Research frontiers

The following 6 NBI-ME findings have been reported as significant diagnostic
markers for SESCCs: “dilation”, “tortuosity”, “change in caliber”, “various shapes
(VS)”, “proliferation” of intrapapillary capillary loops (IPCLs), and “intervascular
background coloration”. No reports have provided simplified criteria for
diagnosing SESCC by using NBI-ME. The goal of this study was to simplify the
diagnostic criteria.

Innovations and breakthroughs

If simplified criteria are newly created, the process of diagnosing SESCCs
using NBI-ME would be facilitated, which would result in widespread use of
magnifying endoscopy.

Applications

The simplified dyad criteria were compatible in diagnostic performance to
Inoue’s tetrad criteria. If a brownish area or other suspicious lesion is found
during NBI endoscopy without magnification, the simplified criteria may be
useful to differentiate a neoplasia from a non-neoplastic lesion.

Terminology

NBI is a revolutionary optical image-enhanced technology. NBI enhances the
contrast between the microvessels and background mucosa in the esophagus.
Thus, visibility of the microvessels is improved when NBI is combined with
magnifying endoscopy. Inoue’s tetrad criteria are the most popular NBI-ME
diagnostic criteria for SESCC and consist of the four following morphological
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changes: “dilation”, “tortuosity”, “change in caliber”, and “VS” of IPCLs. On
the other hand, the simplified criteria are composed of proliferation and VS of
IPCLs.

12

Peer-review

13

The authors pointed out the difficulty of Inoue’s tetrad criteria and proposed
simplified diagnostic criteria for the changes of the IPCL. From the statistical
analysis, the authors extracted “various shapes” from the tetrad criteria as the
most significant parameter for the prediction of SESCC. In addition, the authors
also focused on the “proliferation of the IPCLs” and proposed simplified criteria
by combining the “VS of the IPCLs” and “proliferation of the IPCLs”.
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discriminant function (DF), age, bilirubin, international
normalized ratio and creatinine score (ABIC), Glasgow
Alcoholic Hepatitis Score (GAHS), model for end-stage
liver disease (MELD), and MELD-Na.
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Core tip: Alcoholic hepatitis (AH) often leads to acuteon-chronic liver failure (ACLF), which is characterized
by acute hepatic decompensation of chronic liver
disease, organ failure, and high short-term mortality.
We investigated the prognostic utilities of proposed
scores specific for ACLF in predicting short-term
mortality among patients with AH. Chronic Liver Failure
(CLIF)-Sequential Organ Failure Assessment and CLIF
Consortium Organ Failure score performed well, and
showed comparable predictive ability for short-term
mortality compared to commonly used scoring systems
proposed for AH. The present study suggests that
scores proposed for ACLF could be useful in predicting
short-term morality in patients with AH.
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Abstract
AIM
To assess the performance of proposed scores specific
for acute-on-chronic liver failure in predicting shortterm mortality among patients with alcoholic hepatitis.

Kim HY, Kim CW, Kim TY, Song DS, Sinn DH, Yoon EL, Jung
YK, Suk KT, Lee SS, Lee CH, Kim TH, Kim JH, Yim HJ, Kim
SE, Baik SK, Lee BS, Jang JY, Kim YS, Kim SG, Yang JM,
Sohn JH, Lee HJ, Park SH, Choi EH, Kim DJ; Korean Acuteon-Chronic Liver Failure Study Group. Assessment of scoring
systems for acute-on-chronic liver failure at predicting shortterm mortality in patients with alcoholic hepatitis. World J
Gastroenterol 2016; 22(41): 9205-9213 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i41/9205.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i41.9205

METHODS
We retrospectively collected data from 264 patients
with clinically diagnosed alcoholic hepatitis from
January to December 2013 at 21 academic hospitals
in Korea. The performance for predicting short-term
mortality was calculated for Chronic Liver FailureSequential Organ Failure Assessment (CLIF-SOFA), CLIF
Consortium Organ Failure score (CLIF-C OFs), Maddrey’s
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INTRODUCTION

MATERIALS AND METHODS

Alcoholic hepatitis (AH) is an acute inflammatory
syndrome that occurs in patients after long-term
alcohol misuse. The clinical spectrum of AH is diverse,
[1]
ranging from mild to severe . AH may deteriorate
rapidly in its severe form, which has a high 30-d
[2,3]
mortality of up to 50% . AH often presents with
acute deterioration superimposed on chronic liver
[4]
disease , comprising acute-on-chronic liver failure
(ACLF). ACLF is a distinct entity that was recently
defined on the basis of acute decompensation, organ
failure, and high short-term mortality. One of the
leading causes of ACLF is active alcoholism, presenting
[5]
in about 25% of patients with ACLF .
Given that short-term mortality is high in severe
AH, it is crucial to assess disease severity and identify
patients at greater risk of death in the management of
patients with AH. Various scoring systems have been
proposed to assess the severity of AH and to predict
prognosis in these patients. Maddrey’s discriminant
function (DF) has proven helpful in scoring disease
[6]
severity and guiding specific treatment in AH . DF
≥ 32 is associated with a high short-term mortality,
therefore it is used as the threshold for corticosteroid
[7]
or pentoxifylline therapy . The age, bilirubin, in
ternational normalized ratio (INR), and creatinine
score (ABIC) was proposed to risk stratify patients
with AH into low, intermediate, and high risk of death
[8]
using cut-off values of 6.71 and 9.0 . The Glasgow
Alcoholic Hepatitis Score (GAHS) is based on age,
serum bilirubin, blood urea, prothrombin time (PT),
[9]
and peripheral blood white blood cell (WBC) count .
A GAHS ≥ 9 identifies patients with a high risk of
[10]
death . In addition to these disease-specific models,
the model for end-stage liver disease (MELD) and
modified MELD including sodium (MELD-Na) have
been found to predict prognosis in AH with good
[11-14]
accuracy
.
Meanwhile, several models have been proposed to
predict mortality in patients with ACLF. The European
Association for Study of Liver/Chronic Liver Failure
Consortium (EASL-CLIF Consortium) has modified the
sequential organ failure assessment (SOFA) score to
include factors specific to liver disease. This modified
SOFA score adapted for patients with cirrhosis (CLIFSOFA score) was shown to predict mortality in acute
[5]
deterioration of chronic liver disease . A simplified
CLIF-SOFA score (CLIF Consortium Organ Failure
score, CLIF-C OFs) is easy to calculate, and has similar
prognostic accuracy compared to the CLIF-SOFA
[15]
score .
The ability of scores proposed for ACLF to predict
survival in patients with AH is largely unknown. The
aim of this study was to validate the utility of ACLF
scoring systems and compare the predictive ability
of these scores with that of other commonly used
prognostic models in predicting outcomes for patients
with AH.

Study population

WJG|www.wjgnet.com

Consecutive patients with acutely decompensated
alcoholic liver disease and active alcoholism were
retrospectively enrolled from 21 Korean academic
hospitals from January to December 2013. The
inclusion criteria were history of recent excess al
cohol consumption within the last 2 mo (> 50 g/d
for males and > 40 g/d for females) and a clinical
diagnosis of alcoholic hepatitis. Alcoholic hepatitis
was clinically diagnosed as the combination of serum
bilirubin more than 3 mg/dL, elevated aspartate
aminotransferase (AST) but < 400 U/L, and an AST
[16]
to alanine aminotransferase (ALT) ratio of > 1.5 .
Key exclusion criteria were the presence of other
causes of liver disease, infection, gastrointestinal
bleeding, drug-induced hepatitis, and hepatocellular
carcinoma. Medical treatment for severe AH was left to
the physician’s discretion at each institute, although it
usually included corticosteroids and/or pentoxifylline.
Baseline clinical characteristics, laboratory findings,
and survival 28 and 90 d following hospitalization were
retrospectively identified by chart review. This study
was approved by the Institutional Ethics Committee of
all participating institutions.

Scoring systems

[6]

[8]

[9]

[14]

For each patient, DF , ABIC , GAHS , MELD ,
[17]
[5]
[15]
MELD-Na , CLIF-SOFA , and CLIF-C OF
were
calculated using laboratory data from the day of
hospitalization. The formulas used to calculate
prognostic models are listed in Table 1.

Statistical analysis

Data are expressed as mean ± SD for continuous
variables. Categorical variables are expressed as
frequencies (percentage). Differences between two
groups were compared using a t-test for continuous
2
variables and χ -test for categorical variables.
Cumulative survival curves were estimated by the
Kaplan-Meier method. The log-rank statistic was used
to test for significant differences between the curves.
The prognostic utility of various scoring systems for
predicting mortality at 28 or 90 d was assessed using
the area under receiver operating characteristics
curves (AUROCs). Comparison between AUROCs was
performed by DeLong’s test. For each model, the
sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were calculated
using originally proposed cut-off values: 32 for DF, 9.0
for ABIC, 9 for GAHS, 21 for MELD, and 28 for MELD[6,8,9,13,18]
Na
. For CLIF-SOFA and CLIF-C OFs, predictive
performance was calculated using an optimal cutoff point with the best sensitivity and specificity
[19]
from the cohort . Analyses were performed using
SPSS version 18 (SPSS, IBM, Chicago, IL, USA). The
comparisons between AUROCs were performed using
MedCalc version 16.4.3 (Medisoftware, Mariakerke,
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Table 1 Formulas for scores used in alcoholic hepatitis
Scores

Formulas

[6]

DF
ABIC score[8]
GAHS[9]
MELD score[14]
MELD-Na score[17]
CLIF-SOFA score[5]
Liver (bilirubin, mg/dL)
Renal (creatinine, mg/dL)
CNS (HE grade)
Coagulation (INR)
Cardiovascular (hypotension)

Respiration
PaO2/FiO2
Or SpO2/FiO2
CLIF-C OF score[15]
Liver (bilirubin, mg/dL)
Renal (creatinine, mg/dL)
CNS (HE grade)
Coagulation (INR)
Cardiovascular (hypotension)
Respiration
PaO2/FiO2
Or SpO2/FiO2

4.6 × [patient’s prothrombin time-control prothrombin time (s)] + total bilirubin (mg/dL)
(age × 0.1) + [serum bilirubin (mg/dL) × 0.08] + [serum creatinine (mg/dL) × 0.3] + (INR × 0.8)
Age, blood urea nitrogen, white blood cell count, serum bilirubin, and INR; each scored 1-3
MELD = 3.78 ln[bilirubin (mg/dL)] + 11.20ln(INR)+ 9.57ln[creatinine (mg/dL)] + 6.43
MELD + 1.59 (135-Na), with maximum and minimum Na of 135 and 120 mEq/L, respectively
0
1
2
3
4
≥ 1.2 to < 2.0
≥ 2.0 to < 6.0
≥ 6.0 to < 12.0
≥ 12.0
< 1.2
≥ 1.2 to < 2.0
≥ 2.0 to < 3.5
≥ 3.5 to < 5.0 or use of
≥ 5.0
< 1.2
RRT
No HE
Ⅰ
Ⅱ
Ⅲ
Ⅳ
≥ 1.1 to < 1.25
≥ 1.25 to < 1.5
≥ 1.5 to < 2.5
≥ 2.5 or platelet ≤ 20 ×
< 1.1
109/L
MAP ≥ 70
MAP < 70
Dopamine ≤ 5 or
Dopamine > 5 or epi ≤ Dopamine > 15 or epi
dobutamine (any
0.1 or norepi ≤ 0.11
> 0.1 or norepi > 0.11
dose)1 or terlipressin
> 400
> 512
1
<6
<2
0
< 2.0
MAP ≥ 70

> 300 to ≤ 400
> 357 to ≤ 512
2
≥ 6.0 to < 12.0
≥ 2.0 to < 3.5
1-2
≥ 2.0 to < 2.5
MAP < 70

> 200 to ≤ 300
> 214 to ≤ 357
3
≥ 12
≥ 3.5 or RRT
3-4
≥ 2.5
Vasopressors

> 300
> 357

≤ 300 and > 200

≤ 200

> 214 and ≤ 357

≤ 214

> 100 to ≤ 200
> 89 to ≤ 214

≤ 100
≤ 89

1

Adrenergic agents administered for at least 1 h (disease are given in μg/kg/min). DF: Discriminant function; ABIC: Age, bilirubin, INR creatinine; GAHS:
Glasgow Alcoholic Hepatitis Score; MELD: Model for end-stage liver disease; MELD-Na: Modified MELD including sodium; CLIF-SOFA: Chronic Liver
Failure-Sequential Organ Failure Assessment; CLIF-C OF: Chronic Liver Failure Consortium Organ Failure score; INR: International normalized ratio; RRT:
Renal replacement therapy; HE: Hepatic encephalopathy; MAP: Mean arterial pressure; PaO2: Partial pressure of arterial oxygen; FiO2: Fraction of inspired
oxygen; SpO2: Pulse oximetric saturation.

Belgium).

GAHS, MELD, MELD-Na, CLIF-SOFA, and CLIF-C OFs.
The AUROCs of CLIF-SOFA and CLIF-C OF for 28-d
mortality were 0.86 (0.81-0.90) and 0.89 (0.84-0.92)
respectively. The AUROC of CLIF-SOFA was comparable
to those of other scoring systems for alcoholic hepatitis
in predicting 28-d mortality, such as DF, ABIC, GAHS,
MELD, and MELD-Na score [AUROC (95%CI): 0.79
(0.74-0.84) for DF, 0.78 (0.72-0.83) for ABIC, 0.81
(0.76-0.86) for GAHS, 0.83 (0.78-0.88) for MELD, and
0.83 (0.78-0.88) for MELD-Na]. The AUROC of CLIF-C
OFs was superior to those of DF, ABIC, and GAHS (P
= 0.005 for DF, P = 0.006 for ABIC, P = 0.046 for
GAHS), but was comparable to those of MELD and
MELD-Na scores in predicting 28-d mortality. There
were no significant differences between predictive
abilities of the DF, ABIC, GAHS, MELD, MELD-Na, CLIFSOFA, and CLIF-C OFs for 90-d mortality (except
between CLIF-C OFs and DF; P = 0.02).
Using a DF cut-off score of ≥ 32, the sensitivity
and specificity were 81.3% and 50.9%, respectively,
at predicting 28-d mortality. The ABIC score of 9 had
43.7% sensitivity and 93.5% specificity at predicting
28-d mortality. The sensitivity and specificity of MELD
≥ 21 for predicting 28-d mortality were 87.5% and
68.8%, respectively. A MELD-Na of 28 had 68.8%
sensitivity and 80.2% specificity. The optimal cut-off

RESULTS
Baseline characteristics

The study population comprised 264 consecutive
patients with a clinical diagnosis of AH who met
the inclusion criteria. Table 2 describes baseline
characteristics and prognostic scores of enrolled
patients. The mean age was 48.8 ± 9.1 years, and
males were predominant (77.3%). Overall, 28-d
mortality was 12.0% and 90-d mortality was 19.0%.
The differences between 28-d survivors and nonsurvivors are presented in Table 2. Patients who
died within 28 d had higher baseline WBC count,
bilirubin, INR, creatinine, and lower albumin and
gammaglutamyl transferase (GGT) compared to
patients who survived. Prognostic scores including
DF, ABIC, GAHS, MELD, MELD-Na, CLIF-SOFA, and
CLIF-C OFs, were significantly higher in non-survivors
compared to 28-d survivors.

Performance of different scores in predicting short-term
mortality

The ROC curves for various scores are shown in Figure
1. Table 3 shows the predictive accuracy of DF, ABIC,
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Table 2 Baseline characteristics of patients
Variable
Age (yr)
Men, n (%)
Presence of cirrhosis, n (%)
SIRS, n (%)
Mean blood pressure (mmHg)
WBC count (× 109/L)
Platelet count (× 109/L)
Albumin (g/dL)
Bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
GGT (U/L)
Prothrombin time (s)
INR
Creatinine (mg/dL)
Sodium (mEq/L)
DF score
ABIC score
GAHS
MELD score
MELD-Na score
CLIF-SOFA score
CLIF-C OF score

Total cohort

28-d survivors

28-d nonsurvivors

(n = 264)

(n = 232)

(n = 32)

48.8 ± 9.1
204 (77.3%)
240 (90.9%)
76 (28.8%)
89.3 ± 15.9
9.6 ± 6.0
109.2 ± 71.5
2.7 ± 0.6
11.3 ± 8.6
157.7 ± 86.6
49.9 ± 32.4
428.4 ± 437.5
18.0 ± 5.2
1.7 ± 0.6
1.2 ± 1.5
133.5 ± 6.6
38.8 ± 28.2
7.5 ± 1.4
7.4 ± 1.5
21.6 ± 6.9
24.3 ± 6.8
6.8 ± 3.1
7.9 ± 2.0

48.6 ± 9.2
175 (75.4%)
208 (89.7%)
63 (27.2%)
90.1 ± 15.1
9.2 ± 5.9
110.6 ± 72.0
2.7 ± 0.5
10.3 ± 8.0
160.5 ± 88.4
50.4 ± 33.3
455.4 ± 448.4
17.3 ± 3.9
1.6 ± 0.4
0.9 ± 0.7
133.8 ± 6.3
34.9 ± 21.6
7.3 ± 1.1
7.2 ± 1.3
20.3 ± 5.5
23.1 ± 5.9
6.1 ± 2.1
7.4 ± 1.4

48.3 ± 8.1
29 (90.6%)
32 (100%)
13 (40.6%)
83.5 ± 20.0
12.0 ± 6.7
98.7 ± 68.0
2.3 ± 0.6
18.7 ± 9.7
137.3 ± 70.7
46.4 ± 24.6
236.9 ± 290.5
22.8 ± 9.6
2.3 ± 0.9
2.9 ± 3.6
131.1 ± 8.2
68.4 ± 48.0
9.0 ± 1.9
9.1 ± 1.6
30.6 ± 9.1
32.3 ± 7.2
11.5 ± 4.6
11.2 ± 2.9

P value
0.865
0.070
0.092
0.144
0.082
0.013
0.377
< 0.0001
< 0.0001
0.098
0.514
0.001
0.004
0.001
0.005
0.078
0.001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Data are presented as mean ± SD or n (%). SIRS: Systemic inflammatory response syndrome; WBC: White blood cell; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase; INR: International normalized ratio; DF: Discriminant function; ABIC: Age, bilirubin,
INR, creatinine; GAHS: Glasgow Alcoholic Hepatitis Score; MELD: Model for end-stage liver disease; MELD-Na: Modified MELD including sodium; CLIFSOFA: Chronic Liver Failure-Sequential Organ Failure Assessment; CLIF-C OF: Chronic Liver Failure Consortium Organ Failure.

Table 3 Performance characteristics of various scoring systems in predicting 28- and 90-d mortality
Scores
28-d mortality
CLIF-SOFA
CLIF-C OF
DF
ABIC
GAHS
MELD
MELD-Na
90-d mortality
CLIF-SOFA
CLIF-C OF
DF
ABIC
GAHS
MELD
MELD-Na

AUROC (95%CI)

Cutoff

Sensitivity

Specificity

PPV

NPV

0.86 (0.81-0.90)
0.89 (0.84-0.92)
0.79 (0.74-0.84)
0.78 (0.72-0.83)
0.81 (0.76-0.86)
0.83 (0.78-0.88)
0.83 (0.78-0.88)

8
10
32
9
9
21
28

78.1%
68.8%
81.3%
43.7%
65.6%
87.5%
68.8%

79.7%
91.4%
50.9%
93.5%
83.2%
57.8%
80.2%

34.7%
52.4%
18.6%
48.3%
35.0%
22.2%
32.4%

96.4%
95.5%
95.2%
92.3%
94.6%
97.1%
94.9%

0.81 (0.76-0.86)
0.83 (0.78-0.88)
0.77 (0.71-0.82)
0.78 (0.72-0.83)
0.82 (0.77-0.87)
0.81 (0.77-0.87)
0.87 (0.82-0.91)

8
10
32
9
9
21
28

66.7%
52.9%
78.4%
39.2%
68.6%
82.4%
66.7%

84.3%
94.4%
53.4%
96.1%
88.8%
61.8%
87.6%

54.8%
73.0%
32.5%
74.1%
63.6%
38.2%
60.7%

89.8%
87.5%
89.6%
84.7%
90.8%
92.4%
90.2%

AUROC: Area under receiver operating characteristic curve; PPV: Positive predictive value; NPV: Negative predictive value; CLIF-SOFA: Chronic Liver
Failure-Sequential Organ Failure Assessment; CLIF-C OF: Chronic Liver Failure Consortium Organ Failure; DF: Discriminant function; ABIC: Age,
bilirubin, INR, creatinine; GAHS: Glasgow Alcoholic Hepatitis Score; MELD: Model for end-stage liver disease; MELD-Na: Modified MELD including
sodium.

Survival analysis

points were chosen for CLIF-SOFA and CLIF-C OFs
based on receiver operating characteristics curves.
Using a CLIF-SOFA cut-off of 8, the sensitivity and
specificity of CLIF-SOFA for predicting 28-d mortality
were 78.1% and 79.7%, respectively. The sensitivity
and specificity of CLIF-C OFs ≥ 10 were 68.8% and
91.4%, respectively, for predicting 28-d mortality.
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Figure 2 illustrates a survival curve comparing
mortality based on CLIF-SOFA score ≥ 8 and < 8
(P < 0.05) with CLIF-C OFs ≥ 10 and < 10 (P <
0.05). Cumulative survival rates differed significantly
for patients with a CLIF-SOFA score ≥ 8 and < 8.
In addition, patients with CLIF-C OFs < 10 had a
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Figure 1 Receiver operating characteristics curve comparison between scoring systems in predicting short-term mortality. A: 28-d mortality; B: 90-d
mortality. Chronic Liver Failure-Sequential Organ Failure Assessment (CLIF-SOFA) area under receiver operating characteristics curve (AUROC), 0.86; 95%CI:
0.81-0.90; CLIF Consortium Organ Failure score (CLIF-C OFs) AUROC, 0.89; 95%CI: 0.84-0.92; DF AUROC, 0.79; 95%CI: 0.74-0.84; ABIC AUROC, 0.78; 95%CI:
0.72-0.83; GAHS AUROC, 0.81; 95%CI: 0.76-0.86; MELD AUROC, 0.83; 95%CI: 0.78-0.88; MELD-Na AUROC, 0.83; 95%CI: 0.78-0.88 for 28-d mortality.

B

Cumulative survival rate

1.0

1.0

CLIF_SOFA < 8

0.8

Cumulative survival rate

A

0.6
CLIF_SOFA ≥ 8

0.4
0.2
0.0

0.6
0.4
CLIF_C OFs ≥ 10

0.2
0.0

0
No. at risk
CLIF-SOFA < 8
CLIF-SOFA ≥ 8

CLIF_C OFs < 10

0.8

192
72

30
60
Follow up time (d)

90

185
47

151
28

164
31

0
No. at risk
CLIF-C OF < 10
CLIF-C OF ≥ 10

222
42

30
60
Follow up time (d)

90

212
20

169
10

184
11

Figure 2 Cumulative survival of patients in relation to Chronic Liver Failure-Sequential Organ Failure Assessment (A) and Chronic Liver Failure
Consortium Organ Failure score (B). CLIF-SOFA: Chronic Liver Failure-Sequential Organ Failure Assessment; CLIF-C OFs: CLIF Consortium Organ Failure score.

significantly better survival rate than those with CLIF-C
OFs ≥ 10.

with that of DF, ABIC, GAHS, MELD, and MELD-Na
in predicting short-term mortality in a multicenter
cohort of patients with AH. Our study showed that
the CLIF-SOFA score and CLIF-C OFs were excellent
for predicting 28- or 90-d mortality with comparable
discriminatory power as DF, ABIC, GAHS, MELD, and
MELD-Na scores. In particular, the predictive ability
of CLIF-C OFs was superior to that of DF, ABIC, and
GAHS in predicting 28-d mortality.
In a considerable proportion of cases, the mortality
rate of patients with AH is high due to hepatic
[2,3]
inflammation and progression to organ failure .
Early identification of patients with poor outcomes
could be used to risk stratify hospitalized patients
with AH, ultimately guiding intensive treatment for
[20]
such cases . Several scoring systems have been
introduced to assess severity and predict prognosis in
patients with AH.
DF, initially described in 1978, has undergone

DISCUSSION
ACLF is a recently established syndrome characterized
by acute deterioration of chronic liver disease resulting
in organ failure and high short-term mortality. ACLF
usually develops following a precipitating insult on
[5]
cirrhosis, and AH is a common triggering event . The
CLIF-SOFA score and CLIF-C OFs are newly proposed
scoring systems for cirrhotic patients with acute
[5,15]
decompensation
. However, the value of these
scores in predicting outcome for patients with AH
remains unclear.
We assessed the prognostic utility of CLIF-SOFA
score and CLIF-C OFs for predicting short-term
mortality in patients with AH. We also compared the
predictive ability of CLIF-SOFA score and CLIF-C OFs
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modifications to replace the absolute value of PT with
[6,7]
the prolongation of PT over control . DF is easy
to calculate and has been validated in many clinical
studies. However, the poor standardization of PT
and inter-laboratory variation are limitations. Other
prognostic models have been proposed for patients
with AH, such as the ABIC, GAHS, MELD, and MELDNa score. Initial research demonstrated that these
scores have excellent diagnostic accuracy in predicting
[8,11-14]
short-term outcomes
.
CLIF-SOFA score is a newly proposed modified
version of the SOFA score applicable to patients with
acute decompensation of underlying chronic liver
[15]
disease . Like the original SOFA score, the CLIFSOFA score is based on assessment of six organ
systems. However, the CLIF-SOFA score also accounts
for some special situations in end-stage liver disease
by substituting the INR of PT for platelet count and
substituting hepatic encephalopathy for Glasgow
coma scale. In addition, the use of terlipressin and
renal replacement therapy is included. CLIF-C OFs
[15]
is a simplified version of the CLIF-SOFA score .
Respiratory, cardiac, and central nervous (hepatic
encephalopathy) systems are components of the CLIFSOFA score and CLIF-C OFs, but not the DF, ABIC,
GAHS, MELD, or MELD-Na scores. Indeed, organ
failure is highly associated with increased mortality
in ACLF including AH. Therefore, prognostic models
incorporating organ failure are promising for use in
patients with AH. Many studies have analyzed available
[13,21-26]
prognostic scores that assess AH severity
. Our
results are in line with previous observations on the
utility of DF, ABIC, GAHS, MELD, and MELD-Na in
[21,24-26]
predicting short-term mortality
. To the best
of our knowledge, we are the first to assess scoring
systems proposed for ACLF in predicting short-term
mortality in AH patients. In our cohort, CLIF-SOFA
and CLIF-C OFs perform well for predicting shortterm mortality in AH. The AUROCs of CLIF-SOFA in
predicting 28- or 90-d mortality were comparable to
those of commonly used prognostic scores such as DF,
ABIC, GAHS, MELD, and MELD-Na. In addition, the
performance characteristic of CLIF-C OFs in predicting
28-d mortality was comparable to those of MELD and
MELD-Na scores, and superior to those of DF, ABIC,
and GAHS.
In our cohort, the optimal CLIF-SOFA cut-off was 8,
which predicted 28-d mortality with 78.1% sensitivity
and 79.7% specificity. Moreover, the CLIF-C OFs
cutoff at 10 had sensitivity of 68.8% and specificity
of 91.4%. The originally proposed cut-offs for DF and
MELD lacked specificity (50.9% for DF ≥ 32, 57.8%
for MELD ≥ 21). The unoptimized threshold for DF and
MELD partially account for the low specificity of DF and
MELD score. The NPV of all prognostic models were
excellent, in most instances > 90%. In most cases,
PPV was lower than 50% (Table 3). This implies that
these prognostic models are useful for excluding low-
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risk patients, rather than identifying those at high risk
of death.
Our study has limitations. First, AH was diagnosed
based on clinical presentation. Clinical diagnosis
poses a 10%-50% risk of erroneous classification as
[27,28]
AH
. Second, medical treatment was determined
by physician judgment. Corticosteroid effects may
interfere with the predictive ability of prognostic
scores, and there is some controversy in the survival
[29,30]
benefit provided by corticosteroid treatment
.
Third, we did not evaluate the alcohol relapse rate
which might influence mortality and the predictive
value of scoring systems. Finally, sequential values
of scoring systems were not obtained. Therefore,
the dynamic phase of clinical disease may not be
reflected. Nevertheless, the strength of this study lies
in its multi-center retrospective analysis of consecutive
cases. This structure reduces selection bias and
improves generalizability. Moreover, the present study
is the first investigation of scoring systems proposed
for ACLF at predicting the mortality of patients with
AH.
In conclusion, the prognostic scores proposed
for ACLF, such as CLIF-SOFA or CLIF-C OFs, proved
excellent for predicting 28- and 90-d mortality. CLIFSOFA and CLIF-C OFs had comparable discriminatory
power for predicting short-term mortality compared
to DF, ABIC, GAHS, MELD, and MELD-Na scores in
patients with AH. CLIF-SOFA scores ≥ 8 or CLIF-C OFs
≥ 10 on the day of hospitalization should be regarded
as negative short-term prognostic factors. Prospective
studies validating the prognostic utility of CLIF-SOFA
and CLIF-C OFs in AH are warranted.

COMMENTS
COMMENTS
Background

Alcoholic hepatitis (AH) occurs in patients after long-term alcohol misuse. AH
often presents with acute deterioration superimposed on chronic liver disease,
comprising acute-on-chronic liver failure (ACLF), which is characterized by
acute decompensation, organ failure, and high short-term mortality. Given
that short-term mortality is high in severe AH, various scoring systems have
been proposed to assess the severity of AH and to predict prognosis in these
patients. Meanwhile, several models have been proposed to predict mortality in
patients with ACLF. The ability of scores proposed for ACLF to predict mortality
in patients with AH is largely unknown. The aim of this study was to evaluate
the utility of ACLF scoring systems and compare the predictive ability of these
scores with that of other commonly used prognostic models in predicting
outcomes for patients with AH.

Research frontiers

ACLF is a recently recognized syndrome, frequently related to active
alcoholism. Few studies have analyzed scoring systems proposed for ACLF in
patients with AH. The results of this study contribute to evaluating the potential
of ACLF scoring systems for AH prognostication.

Innovations and breakthroughs

In this study, Chronic Liver Failure-Sequential Organ Failure Assessment (CLIFSOFA) and CLIF Consortium Organ Failure score (CLIF-C OFs) performed
well in predicting short-term mortality in AH patients. In addition CLIF-SOFA
and CLIF-C OFs showed comparable predictive ability for short-term mortality
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compared to commonly used scoring systems proposed for AH.
11

Applications

This study suggests that scores proposed for ACLF could be useful in predicting
short-term morality in patients with AH. In patients with AH, CLIF-SOFA scores
≥ 8 or CLIF-C OFs ≥ 10 could be used as one of the negative short-term
prognostic factors.

12

Terminology

ACLF: a distinct syndrome with high short-term mortality which is used to
characterize patients hospitalized for acute decompensation of cirrhosis who
have organ failure. CLIF-SOFA: a modified SOFA score adapted for patients
with cirrhosis which is based on the number and type of organ failure to define
ACLF.

13

14

Peer-review

The author of this paper explored the ability of new scores proposed for patients
with cirrhosis and acute decompensation in predicting mortality in alcoholic
hepatitis. A promising performance of scores proposed for ACLF in predicting
short-term mortality in patients with AH was found, and further prospective
studies are needed.
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Abstract
AIM
To compare (1) demographics in urea breath test
(UBT) vs endoscopy patients; and (2) the molecular
detection of antibiotic resistance in stool vs biopsy
samples.
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METHODS
Six hundred and sixteen adult patients undergoing
endoscopy or a UBT were prospectively recruited to
the study. The GenoType HelicoDR assay was used
to detect Helicobacter pylori (H. pylori ) and antibiotic
resistance using biopsy and/or stool samples from CLOpositive endoscopy patients and stool samples from
UBT-positive patients.
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RESULTS
Infection rates were significantly higher in patients
referred for a UBT than endoscopy (overall rates: 33%
vs 19%; treatment-naïve patients: 33% vs 14.7%,
respectively). H. pylori -infected UBT patients were
younger than H. pylori -infected endoscopy patients
(41.4 vs 48.4 years, respectively, P < 0.005), with a
higher percentage of H. pylori -infected males in the
endoscopy-compared to the UBT-cohort (52.6% vs
33.3%, P = 0.03). The GenoType HelicoDR assay was
more accurate at detecting H. pylori infection using
biopsy samples than stool samples [98.2% (n = 54/55)
vs 80.3% (n =53/66), P < 0.005]. Subset analysis
using stool and biopsy samples from CLO-positive
endoscopy patients revealed a higher detection rate of
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using a variety of diagnostic tests. The Maastricht IV/
Florence Consensus Report recommends the “Test and
Treat” strategy for patients presenting with uncomplicated dyspepsia with no alarm symptoms associated
[2]
with an increased risk of gastric cancer . In the Irish
healthcare setting, the urea breath test (UBT) is the
current gold standard non-invasive test for H. pylori
infection in patients managed by the “Test and Treat”
strategy. The UBT is highly accurate with a sensitiv[4]
ity of 88%-95% and specificity of 95%-100% . For
patients presenting with new onset dyspepsia (above
45 years; European guidelines) or dyspepsia along
with accompanying alarm symptoms such as weight
loss, gastrointestinal bleeding, abdominal mass or
[2]
iron deficient anaemia, endoscopy is recommended .
When an endoscopy is performed, H. pylori infection
can be diagnosed using gastric biopsy specimens. The
most common test employed is the rapid urease-test
for Campylobacter-like organisms (CLO), which has a
[5]
sensitivity of > 90% and specificity of > 95% .
Treatment for H. pylori infection is recommended in
all symptomatic individuals. However, eradication rates
[6-8]
have fallen in many countries in recent years
mainly
due to poor patient compliance and the emergence
of antibiotic resistant strains of H. pylori, particularly
[9-11]
to clarithromycin and levofloxacin
. The European
Helicobacter and Microbiota Study Group (EHMSG)
and the most recent Maastricht IV/Florence Consensus
recommend local surveillance of existing and emerging antibiotic resistance and that the combination of
antibiotics for H. pylori eradication should be chosen
[2,10]
according to the local resistance patterns
. Clarithromycin-based first-line triple therapy is no longer
recommended in regions where antibiotic resistance
surveillance indicates that clarithromycin resistance
[2]
is above 15%-20% . Since H. pylori is a fastidious
bacterium, culture and antimicrobial sensitivity testing
is time-consuming. The sensitivity of culture of H. pylori
from gastric biopsy samples has been reported to be as
[11]
low as 55% . Molecular testing represents an attractive alternative to culture-based methods and has been
recommended by the Maastricht Consensus guidelines
to detect H. pylori and both clarithromycin and fluoroquinolone resistance when standard culture and sensi[2]
tivity testing are unavailable . Single point mutations
(most commonly A2146C, A2146G and A2147G) within
the H. pylori rrl gene that encodes the 23S ribosomal
[11,12]
subunit confer clarithromycin resistance
. The
most significant mutations conferring fluoroquinolone
resistance are located at positions 87 (N87K) and 91
(D91N, D91G, D91Y) of the H. pylori gyrA gene, which
[11,12]
encodes the A subunit of the DNA gyrase enzyme
.
The GenoType HelicoDR assay allows for the molecular
genetic identification of H. pylori and its resistance
to clarithromycin and fluoroquinolones, such as levofloxacin. The assay has been reported to be efficient at
detecting mutations predictive of antibiotic resistance
when applied to H. pylori cultures or gastric biopsy

resistance-associated mutations using stool samples
compared to biopsies. The concordance rates between
stool and biopsy samples for the detection of H. pylori
DNA, clarithromycin and fluoroquinolone resistance
were just 85%, 53% and 35%, respectively.
CONCLUSION
Differences between endoscopy and UBT patients
provide a rationale for non-invasive detection of H.
pylori antibiotic resistance. However, the GenoType
HelicoDR assay is an unsuitable approach.
Key words: Helicobacter pylori ; Antibiotic resistance;
Clarithromycin; Fluoroquinolone; Molecular methods
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The successful detection of clarithromycin
and/or fluoroquinolone resistant Helicobacter pylori
(H. pylori ) infections by non-invasive methods would
enable a widespread assessment of resistance rates.
Here we evaluate the GenoType HelicoDR assay for
the detection of clarithromycin and fluoroquinolone
resistance using DNA isolated from stool samples
compared to biopsy samples. Although results using
this assay on biopsy tissue have previously been shown
to correspond well with culture and antimicrobial
susceptibility testing, there was weak correlation
between results obtained using biopsy vs stool samples
in our study. Further studies are required to optimise
the non-invasive detection of clarithromycin and
fluoroquinolone resistant H. pylori infection.
Brennan DE, Omorogbe J, Hussey M, Tighe D, Holleran G,
O’Morain C, Smith SM, McNamara D. Molecular detection
of Helicobacter pylori antibiotic resistance in stool vs biopsy
samples. World J Gastroenterol 2016; 22(41): 9214-9221
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9214.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9214

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative
bacterium that specifically colonizes the epithelium of
the human stomach, in particular the gastric antrum.
It infects approximately 50% of the world’s population.
The prevalence of H. pylori varies globally, increasing with older age and lower socio-economic status.
Most infected individuals will not develop any clinically
significant complications; however the most common
symptoms of infection are gastritis and gastric or
duodenal ulcers. The diagnosis and treatment of H.
pylori infection are critical factors in the prevention and
[1-3]
management of these conditions . H. pylori infection
can be detected by invasive and non-invasive means,
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[13-16]

specimens
, with a sensitivity and specificity of
94%-100% and 86%-99% for detecting clarithromycin
resistance and 83%-87% and 95%-98.5% for detect[16,17]
ing fluoroquinolone resistance, respectively
.
Currently, H. pylori antibiotic resistance surveillance
is based primarily on patients undergoing invasive testing by means of endoscopy. However, most patients are
diagnosed by non-invasive methods such as the UBT.
As such, antibiotic resistance data obtained solely from
endoscopy patients may not reflect the true prevalence
of H. pylori infection and the rates of antibiotic resistance in symptomatic patients. The aims of this study
were to (1) compare demographics and prevalence of H.
pylori infection in patients referred for endoscopy with
those of patients referred for a UBT; and (2) evaluate
the potential use of the GenoType HelicoDR assay for
the non-invasive detection of H. pylori and antibiotic
resistant infection using stool samples.

for genomic DNA isolation using the PSP Spin Stool
DNA Plus Kit (STRATEC Molecular GmbH, Berlin,
Germany) according to the manufacturers’ instructions.
All isolated DNA was stored -20 ℃ until genotyping
for clarithromycin and fluoroquinolone-mediating
mutations was performed using the Genotype HelicoDR
assay (Hain Lifescience GmbH, Nehren, Germany).
Multiplex amplification of DNA regions of interest was
performed using the biotinylated primers supplied
in the GenoType HelicoDR kit and the Hotstart Taq
DNA polymerase kit (Qiagen). PCR products were
reverse hybridised to DNA strips containing probes for
gene regions of interest, developed and interpreted
according to the manufacturers’ instructions. Briefly, all
strips were analysed for the presence of a conjugate
control band (to indicate successful conjugate binding
and substrate reaction), an amplification control band
(to indicate a successful amplification reaction), a
H. pylori control band (to document the presence
of a H. pylori strain) and gene locus control bands
for gyrA and 23S (to indicate successful detection
of the gene regions of interest). In addition, the
strips were analysed for the presence of wild type
and/or mutation bands. An infection was considered
clarithromycin sensitive when the 23S wild-type probe
stained positive and clarithromycin resistant if one
of the 23S mutation probes stained positive. As per
manufacturers’ instructions, results of both positions
of the gyrA gene were combined to draw conclusions
about fluoroquinolone resistance. Thus, an infection
was only considered fluoroquinolone sensitive when
one of the wild-type probes for codon 87 of the gyrA
gene stained positive together with a positive wild-type
probe for codon 91. Fluoroquinolone resistance was
indicated if either the wild-type probes for codon 87
or the wild-type probe for codon 91 stained negative,
or if one of the mutant codon 87 or 91 probes
stained positive. For all mutations probes, only bands
whose intensities were equal to or stronger than the
amplification control were considered positive.

MATERIALS AND METHODS
Study design and ethics

A prospective study was carried out in a tertiary referral
teaching hospital (Adelaide and Meath Hospital, Dublin,
Ireland) affiliated with Trinity College Dublin. Patients
who had been referred to the endoscopy clinic were
included from August 2014 until March 2016. The study
received ethical approval from the Adelaide and Meath
Hospital Research Ethics Committee. Informed consent
was obtained from all patients before enrolment.

Study population

Inclusion criteria were (1) ability and willingness
to participate in the study and to provide informed
consent; and (2) confirmed H. pylori infection by UBT
or a positive rapid urease test (TRI-MED Distributors,
PTY LTD, Washington, United States) at 60 min
performed and/or histology.
Exclusion criteria were (1) age less than 18 years;
(2) pregnancy or lactation; (3) severe inter-current illness; (4) current PPI use or recent antibiotic use (within
4 wk); and (5) bleeding problems or use of blood thinning drugs (for endoscopy patients).

Statistical analysis

Statistical analysis was carried out using GraphPad
Prism (GraphPad Software Inc., CA, United States).
Continuous variables are presented as arithmetic
mean and SD. P values for continuous variables
were calculated and compared using the two-tailed
independent t-test. Categorical variables are presented
as percentages and 95% confidence intervals (95%CI).
P values for categorical variables were calculated using
2
the Fisher’s exact test/Pearson χ test. In all cases, a P
value less than 0.05 was considered significant.

Sample collection and antimicrobial susceptibility
genotyping

A single corpus and antrum biopsy from each patient
was placed into DENT transport medium (brain heart
infusion broth containing 2.5% (w/v) yeast extract, 5%
sterile horse serum and Dent Helicobacter Selective
Supplement; Oxoid, Basingstoke, United Kingdom) for
transport to the research laboratory. Biopsies were placed
into fresh collection tubes and stored at -20 ℃ until
processed for genomic DNA isolation using the QIAamp
DNA Mini Kit (Qiagen GmbH, Hilden, Germany) according
to manufacturer’s instructions. Patients attending for
endoscopy or the UBT were invited to provide a stool
sample collected within 24 h of their appointment.
Stool samples were stored at 4 ℃ until processed
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RESULTS
Prevalence of H. pylori infection and demographics of
endoscopy and UBT patients

A schematic of patient inclusion and analysis is
presented in Figure 1. In all, 616 patients were

9216

November 7, 2016|Volume 22|Issue 41|

Brennan DE et al . Non-invasive detection of resistant H. pylori
Study population
n = 616

Endoscopy
63% (n = 389)

UBT
37% (n = 227)

UBT-positive
Overall: 33%
(n = 75/227)
Primary: 33%
(n = 75/227)

CLO-positive
Overall: 19%
(n = 74/389)
Primary: 15%
(n = 57/389)

Stool DNA genotyping
n = 66

Biopsy DNA genotyping
n = 55

Biopsy and Stool DNA genotyping
n = 20

H. pylori DNA-positive
80% (n = 53/66)

H. pylori DNA-positive
98% (n = 54/55)

H. pylori DNA-detection

R

CLAR
96%
(n = 51/53)

R

FLUOR
13%
1
(n = 6/46 )

R

CLAR
52%
(n = 28/54)

Concordance: 85%
(n = 17/20)
R

FLUOR
9%
(n = 5/54)

R

CLAR detection
Concordance: 53%
(n = 9/17)

R

FLUOR detection
Concordance: 35%
(n = 6/17)

Figure 1 Flow chart of patient inclusion and analysis. 1Only samples that were positive for the control gene locus for the fluoroquinolone resistance gene were
included. CLARR: Clarithromycin resistant; FLUORR: Fluoroquinolone resistant.

Table 1 Demographics of endoscopy and urea breath test patients

Total
Mean age (SD)
Male
Primary H. pylori infection
Mean age (SD)
Male

Endoscopy

UBT

P value

95%CI

n = 389
52.3 (16.4)
42.2% (n = 164)
14.7% (n = 57)
48.4 (14.9)
52.6% (n = 30)

n = 227
39.6 (12.6)
30.4% (n = 69)
33.0% (n = 75)
41.4 (13.0)
33.3% (n = 25)

< 0.001
< 0.005
< 0.001
< 0.005
0.03

10.22-15.18
3.68-19.60
11.07-25.65
2.19-11.81
1.23-36.29

included in the study between August 2014 and
March 2016; 389 patients (mean age 52.3 years,
42.2% male) underwent endoscopy and 227 patients
(mean age 39.6 years, 30.4% male) a UBT (Table
1). The overall prevalence of H. pylori infection
was significantly higher in the UBT cohort than the
endoscopy cohort [33.0% (n = 75) vs 19% (n = 74),
P < 0.001; 95%CI: 6.58-21.54] (Figure 1). Of the
H. pylori-positive endoscopy patients (CLO-positive),
17 had been previously treated for H. pylori infection,
therefore the prevalence of primary H. pylori infection
was 14.7% (n = 57). All of the H. pylori-positive UBT
patients were treatment naïve, thus the prevalence
of primary H. pylori infection was also significantly
higher in patients referred for UBT than for endoscopy
(33.0% vs 14.7%, P < 0.001, 95%CI: 11.07-25.65;
Figure 1 and Table 1). In keeping with the guidelines
recommending endoscopy for symptomatic patients
over 45 years, H. pylori-positive patients in the endoscopy cohort were significantly older than those in the
UBT cohort (48.4 years vs 41.4 years; P < 0.005,
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95%CI: 2.19-11.81). There were a greater number of
H. pylori-positive men in the endoscopy cohort than
the UBT cohort (52.6% vs 33.3%, P = 0.03, 95%CI:
1.23-36.29; Table 1). Taken together, these findings
indicate significant differences in demographics and
the prevalence of both overall and primary H. pylori
infection rates in patients referred for endoscopy and
those referred for the UBT.

Comparison of H. pylori detection and the prevalence
of antibiotic resistance-mediating mutations using
the GenoType HelicoDR assay in endoscopy vs UBT
patients using biopsies and stool samples, respectively

The GenoType HelicoDR assay is based on DNA strip
technology that enables the molecular genetic identification of H. pylori and resistance to fluoroquinolones
and/or clarithromycin by detecting the most frequent
mutations in the gyrA gene (codons 87 and 91) and
the 23S gene (positions 2146 and 2147), respectively.
Previous studies have demonstrated strong correlations between results obtained using the GenoType
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Table 2 Molecular detection of Helicobacter pylori infection and resistance-mediating mutations using biopsies from CLO-positive
endoscopy patients and stool samples of Urea Breath Test-positive patients

Total analysed
H. pylori DNA positive
Clarithromycin resistant
Fluoroquinolone resistant

Biopsy Specimens

Stool specimens

P value

95%CI

n = 55
98.2% (n = 54/55)
51.9% (n = 28/54)
9.3 % (n = 5/54)1

n = 66
80.3 % (n = 53/66)
96.2 % (n = 51/53)
13 % (n = 6/46)1

< 0.005
< 0.001
0.55

6.10-29.66
27.70-58.71
-9.99-18.28

1

Fluoroquinolone and clarithromycin mutations present. H. pylori: Helicobacter pylori.

Table 3 Concordance in the detection of Helicobacter pylori and antibiotic resistance-mediating mutations between results obtained
using biopsies vs stool samples from individual Campylobacter -like organisms-positive endoscopy patients

Total analysed
H. pylori DNA positive
Clarithromycin resistant1
Fluoroquinolone resistant1

Biopsy Specimens

Stool specimens

Concordance

n = 20
95% (n =19/20)
52.9% (n = 9/17)
23.5% (n = 4/17)

n = 20
90% (n = 18/20)
100.0% (n = 17/17)
52.9% (n = 9/17)

85% (n = 17/20)
52.9% (n = 9/17)
35.3% (n = 6/17)

1

Only samples where H. pylori DNA was detected were analysed. H. pylori: Helicobacter pylori.

HelicoDR assay on biopsy specimens compared to cul[14,16,17]
ture and antimicrobial testing
. In order to evaluate the GenoType HelicoDR assay for the non-invasive
detection of H. pylori using stool samples, we first set
out to compare the detection rate of H. pylori infection using stool samples from H. pylori-positive UBT
patients with that obtained using biopsy samples from
CLO-positive endoscopy patients. Initial control experiments showed that the assay did not detect H. pylori
DNA in stool samples from 2 uninfected UBT-negative
patients (not shown). In H. pylori-infected patients,
the GenoType HelicoDR assay was significantly more
accurate at detecting H. pylori infection using biopsy
samples than stool samples [98.2% (n = 54/55) vs
80.3% (n = 53/66), P < 0.005, 95%CI: 6.10-29.66]
(Figure 1 and Table 2).
Next, the prevalence of antibiotic resistancemediating mutations was compared using stool
samples from H. pylori-positive UBT patients and
biopsy samples from CLO-positive endoscopy patients.
Using the GenoType HelicoDR assay, the 23S gene
locus control was positive in all of H. pylori-positive
DNA samples isolated from either biopsy tissue (100%,
n = 54/54) or stool specimens (100%, n = 53/53). A
significantly higher level of clarithromycin resistancemediating mutations was detected using stool samples
from UBT-positive patients than biopsy samples from
CLO-positive patients [96.2% (n = 51/53) vs 51.9% (n
= 28/54), P < 0.001, 95%CI: 27.70-58.71] (Figure 1
and Table 2).
In terms of gyrA genotyping, the gyrA locus control
probe was positive in all DNA samples isolated from
biopsy tissue (100%, n = 54/54), but only 86.8% (n =
46/53) of H. pylori-positive DNA samples isolated from
stool. Fluoroquinolone resistance-mediating mutations
were detected in 9.3% (n = 5/54) of biopsy samples
from CLO-positive patients compared to 13% (n =
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6/46) of stool samples from UBT-positive patients (P
= 0.56, 95%CI: -9.99-18.28; Figure 1 and Table 2).
For both endoscopy and UBT patients, all samples that
were positive for fluoroquinolone resistance mutations
were positive for clarithromycin resistance mutations
(Table 2). Taken together, these findings indicate
that the GenoType HelicoDR assay is more accurate
at detecting H. pylori DNA using biopsies from CLOpositive endoscopy patients than stool DNA isolated
from UBT-positive patients. In addition, the assay
detected a significantly higher rate of clarithromycin
resistance using stool samples from patients diagnosed
by the UBT than that obtained when biopsy samples
from CLO-positive endoscopy patients were analysed.

Evaluation of the GenoType HelicoDR assay for
the detection of resistance-mediating mutations by
comparing stool and biopsy analyses from individual
patients

Given the high rate of clarithromycin resistance
detected using stool specimens from UBT-positive
patients (96.2%; Table 2) and the lack of published
data on the use of the GenoType HelicoDR assay for
stool sample analysis, we next set out to directly
compare a stool DNA sample with that of a biopsy
DNA sample isolated from a subset of the CLO-positive
endoscopy patients. In all, stool and biopsy samples
from 20 CLO-positive patients were analysed (mean
age 46.8 ± 15.8 years, 50% male). H. pylori DNA
was detected in 95% (n = 19/20) of biopsy samples
and 90% (n = 18/20) of stool samples from the CLOpositive patients. Concordance between results from
biopsy and stool samples of individual patients for
the detection of H. pylori DNA was 85% (n = 17/20;
Figure 1 and Table 3). In terms of antibiotic resistance,
results were compared in the 17 patients with
concordant results for the presence of H. pylori DNA in
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both their stool and biopsy samples. Concordance for
the analysis of stool and biopsy samples of individual
patients was just 52.9% (n = 9/17) for clarithromycin
resistance and 35.3% (n = 6/17) for fluoroquinolone
resistance (Figure 1, Table 3). Higher rates of both
clarithromycin and fluoroquinolone resistance were
detected in stool samples compared to biopsy samples
obtained from the same patient (Table 3), suggesting
a lack of specificity of the assay for the detection of
antibiotic resistance-mediating mutations using DNA
isolated from stool samples.

prevalence of resistance to a range of antibiotics, and
enable clinicians to offer personalised antimicrobial
susceptibility-based therapy to a wider number of
patients. H. pylori DNA has been detected in a number
of clinical specimens including blood, stool samples and
[18-22]
oral cavity specimens
. Analysis of stool samples
has shown the most promise for the molecular detection of clarithromycin resistance-mediating mutations
[18,23-28]
to date
. Studies have demonstrated sensitivity
and specificity values of 83%-98% and 98%-100%,
respectively, for the detection clarithromycin resistance using the H. pylori ClariRes Assay (Ingenetix)
[23-26]
to analyse stool samples
. However, data on the
detection of H. pylori fluoroquinolone resistance using
stool samples is lacking. Although the GenoType
HelicoDR assay has proven useful for detecting clarithromycin and fluoroquinolone resistance in biopsy
[13-17]
or culture specimens
, evaluation of the assay
for the analysis of stool specimens presented herein
proved suboptimal. Firstly, the assay detected H.
pylori infection in a significantly lower percentage of H.
pylori-infected patients when stool rather than biopsy
specimens were analysed (80%-90% vs 95%-98.2%;
respectively Tables 2 and 3). As H. pylori specifically
colonizes the stomach and is not an intestinal bacterium, it is present only in low numbers in the stool,
a factor which may have impacted the sensitivity of
H. pylori detection using stool samples in our study.
Additionally, H. pylori DNA may be exposed to enzymatic or mechanical degradation during transit from
[22]
the stomach through the intestines . When results
using biopsy samples from individual H. pylori-infected
patients were directly compared with those obtained
from their stool samples, concordance scores for clarithromycin and fluoroquinolone resistance were just
52.9% and 35.6%, respectively. In addition, a higher
rate of clarithromycin and fluoroquinolone resistance
was detected in DNA isolated from the stool samples
compared to DNA isolated from biopsy samples from
the same patient (Table 3). Given that previous studies
have demonstrated strong correlations between results
obtained using the GenoType HelicoDR assay on
biopsy specimens compared to culture and antimicro[14,16,17]
bial testing
, this would suggest that stool sample
analysis using the GenoType HeliocDR assay is less
sensitive than biopsy sample analysis, providing an
explanation for the high rates of antibiotic resistance
obtained using stool samples from the UBT patients
in Table 2. The presence of large amounts of diverse
commensal bacteria in the stool may hamper the
specificity of the Genotype HelicoDR assay in detection
of H. pylori antibiotic resistance-mediating mutations.
Our findings suggest it is currently unsuitable for the
accurate detection of clarithromycin and fluoroquinolone resistance-mediating mutations in stool specimens.
Further studies are required to extend approaches for
the non-invasive detection of H. pylori resistance to
include multiple antibiotics. Recent advances in next
generation DNA sequencing technologies may provide

DISCUSSION
As the recommended first-line therapy for H. pylori
infection should be guided by the local prevalence of
primary clarithromycin resistance and third-line and
subsequent treatment regimens should be guided
[2]
by antimicrobial susceptibility testing , methods for
detecting antibiotic resistance are of great interest.
Antimicrobial susceptibility testing for H. pylori is
mainly performed using biopsy specimens obtained
by invasive means at endoscopy. As a result, findings
on the prevalence of H. pylori infection and antibiotic
resistance based solely on this patient cohort may not
represent the true rates of resistance in a given population. In order to determine whether H. pylori-infected
endoscopy patients are representative of the wider H.
pylori-infected population, we compared the prevalence of infection and patient demographics between
endoscopy patients with those referred for non-invasive H. pylori diagnoses by the UBT. Indeed we found
significant differences between the two patient cohorts.
Both the overall infection rate and the prevalence of
primary infection in H. pylori treatment-naïve patients
were significantly higher in patients referred for a UBT
than endoscopy (overall infection rates of 33% vs 19%
respectively, and primary infection rates of 33% vs
14.7%, respectively). H. pylori-infected UBT patients
were also significantly younger than H. pylori-infected
endoscopy patients (41.4 vs 48.4 years, respectively),
with a higher percentage of H. pylori infected males
in the endoscopy compared to UBT cohort (52.6% vs
33.3%). Both age and sex have been reported as risk
factors for H. pylori antibiotic resistance, for example
age > 50 years has been reported as a risk factor for
levofloxacin resistance and being female has been
associated with metronidazole resistance in the most
recent pan-European study on antimicrobial resist[10]
ance . Thus the statistically significant differences in
age and sex between endoscopy and UBT patients in
our study suggests that H. pylori-infected endoscopy
patients are likely not representative of the wider H.
pylori-positive cohort, providing a strong rationale for
performing more widespread antimicrobial susceptibility testing.
Successfully extending molecular-based methods
to diagnose H. pylori non-invasively would greatly
enhance our ability to more accurately assess the
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more robust opportunities for the accurate analysis of
specific resistance-associated DNA regions. The successful optimisation of molecular-based antimicrobial
susceptibility testing methods will enable resistance
data obtained from patients managed by the “Test
and Treat” strategy to be utilised in choosing effective
antibiotics for the treatment of H. pylori. In this way,
eradication rates for H. pylori may be improved.

5

6
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Abstract
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There are no standardized diagnostic criteria for
intrapancreatic metastasis of pancreatic ductal ade
nocarcinoma (PDAC). Here, we report two cases of
patients with PDAC who were pathologically diagnosed
as harboring intrapancreatic metastasis. In both cases,
the main lesions were located in the pancreatic body,
and no other lesion was detected preoperatively. The
patients were diagnosed with pancreatic body cancers
and distal pancreatectomy was performed. Pathological
findings revealed microscopic cancer nests, which
had connections to neither the main lesion nor the
premalignant lesion in the pancreatic tail parenchyma.
In both cases, the histological type of the daughter
lesion was quite similar to that of the main lesion.
Hence, we diagnosed the daughter lesions as metastatic
foci in the pancreas. Although intrapancreatic metastasis
of PDAC has been regarded as a poor prognostic factor,
few reports of intrapancreatic metastasis are available.
This article reports two such cases and provides a
review of the literature.
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Core tip: Although intrapancreatic metastasis (IPM) of
pancreatic ductal adenocarcinoma has been regarded
as a poor prognostic factor, few reports of IPM are
available. Furthermore, the diagnostic criteria and the
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computed tomography (CT) revealed a hypovascular
tumor in his pancreatic body. He was referred to our
hospital for further examination and treatment. He
had no significant past medical history and no surgical
history, but had a family history of pancreatic cancer
(his uncle had had this disease). Although he had no
history of smoking, he regularly consumed alcohol.
On examination, his abdomen was soft and flat,
without any evident mass or tenderness. His laboratory
data were unremarkable, except for the carbohydrate
antigen 19-9 (CA-19-9) level, which was elevated
to 139 U/mL. Abdominal enhanced CT revealed an
18-mm hypovascular tumor in the pancreatic body and
a dilated main pancreatic duct in the tail side of this
tumor (Figure 1A). The tumor was compressing the
splenic vein. Endoscopic ultrasound showed a 15-mm
low echoic tumor that had ill-defined borders and was
located next to the splenic vein. Endoscopic retrograde
pancreatography demonstrated disruption of the main
pancreatic duct in the pancreatic body (Figure 1B).
We diagnosed PDAC with invasion of the splenic vein
and performed distal pancreatectomy, lymph node
dissection, and splenectomy.
Macroscopic findings of the resected specimen
showed a 35 mm × 18 mm tumor in the pancreatic
body and no other lesion (Figure 2). Pathological
findings revealed a moderately differentiated tubular
adenocarcinoma with invasion of neutrophil in the
main lesion (Figure 3A). The tumor had infiltrated
the tunica externa of the splenic vein. At a 20-mm
distance to the tail side from the main lesion, there
was a 0.6-mm cancer nest, which was a moderately
differentiated adenocarcinoma with invasion of
neutrophil (in resemblance with the main lesion)
(Figure 3B). There was no connection to the main
lesion, and we diagnosed this small lesion as
intrapancreatic micrometastasis of PDAC. The patient
was administered 5-fluorouracil and heparin-based
infusion chemotherapy combined with cisplatin and
[4]
mitomycin C (PI4W) as perioperative chemotherapy ,
and was discharged without any complications.
He was administered S-1 (tegafur, gimeracil, and
oteracil potassium combination) for 6 mo as adjuvant
chemotherapy. However, he developed a recurrence
in the liver 6 mo after surgery and underwent
FOLFIRINOX therapy following GEM and nab-PTX
therapy. Nonetheless, he died 25 mo after surgery.

clinicopathological significance of IPM still need to be
clarified. It should be remembered that IPM is present
at a constant rate, and may be located in the remnant
pancreas or in resected specimens other than the main
lesion. IPM could be a cause of early recurrence. Here,
we have presented two cases of IPM and provided
suggestions regarding the foundation of the diagnosis
of IPM.
Fujita Y, Kitago M, Masugi Y, Itano O, Shinoda M, Abe Y, Hibi
T, Yagi H, Fujii-Nishimura Y, Sakamoto M, Kitagawa Y. Two
cases of pancreatic ductal adenocarcinoma with intrapancreatic
metastasis. World J Gastroenterol 2016; 22(41): 9222-9228
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i41/9222.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i41.9222

INTRODUCTION
Despite progress in diagnosis and treatment, the
prognosis of pancreatic ductal adenocarcinoma (PDAC)
has remained dismal. The disease prevalence and ageadjusted death rate of pancreatic cancer are increasing
yearly, and pancreatic cancer is the fourth-leading
[1]
cause of cancer death in Japan .
Based on studies of hepatocellular carcinoma,
intrahepatic cholangiocarcinoma, and lung cancer,
tumor metastasis in the primary organ is a poor
prognostic factor. Furthermore, it contributes to the
T factor in the Union for International Cancer Control
TNM classification. In clinical practice, we occasionally
encounter patients with two or more PDACs in the
pancreas (preoperatively or postoperatively), a
situation that bears some resemblance to tumor
metastasis in the primary organ. However, there is no
consensus or handling convention for multiple lesions
in cases of PDAC.
There are two forms of multiple lesions in PDAC:
multicentric carcinogenesis and intrapancreatic
metastasis (IPM). It is difficult to discriminate between
multicentric carcinogenesis and IPM because there are
no diagnostic criteria for their pathological findings.
Furthermore, few reports have specifically described
IPM of PDAC, and its clinicopathological significance
has remained unclear. On a search of the literature, we
[2,3]
found only two prior reports about IPM of PDAC .
In this article, we have reported two further cases
of IPM of PDAC that were diagnosed pathologically. We
have also reviewed the prior literature and discussed
the importance of IPM.

Case 2

The physician of a 70-year-old Japanese woman noted
the carbohydrate antigen 19-9 (CA-19-9) level, which
was elevated to 112 U/mL, and CT revealed a tumor in
the pancreatic body. She was referred to our hospital
for further examination and treatment. She had
diabetes mellitus and no family history of cancer. She
had no smoking history or alcohol consumption.
On examination, her abdomen was soft and flat
without any apparent mass or tenderness. Blood tests

CASE REPORT
Case 1

A 30-year-old Japanese man visited his doctor with
the complaint of epigastric pain. Abdominal enhanced
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A

B

Figure 1 Enhanced abdominal computed tomography scan (A) and endoscopic retrograde cholangiopancreatography image (B) of case 1. A: The
hypovascular tumor in the pancreatic body (arrowheads); B: Disruption of the main pancreatic duct (arrow).

adenocarcinoma with invasion of the splenic vein
at the main tumor (Figure 6A). Carcinoma in situ
continued in the main pancreatic duct, in the range
of 15 mm from the invasive cancer. A 1-mm poorly
differentiated tubular adenocarcinoma was present
in the pancreatic tail parenchyma, 20 mm away from
the main invasive cancer (Figure 6B). There was no
continuity between this small lesion and the main
tumor or carcinoma in situ, and we diagnosed the
small lesion as an intrapancreatic micrometastasis
of PDAC. We administered PI4W as perioperative
[4]
chemotherapy and discharged the patient without
any complications. She was administered gemcitabine
for 6 mo as adjuvant chemotherapy. However, she
developed a recurrence in the liver at 16 mo after
surgery, and underwent gemcitabine and TS-1 therapy.
Nonetheless, she died 35 mo after surgery.

Figure 2 Image of the resected pancreas from case 1. The resected
specimen showed a 35 mm × 18 mm tumor in the pancreatic body (arrows).
Pathological findings revealed a small lesion at a 20-mm distant to the tail side
from the main lesion (arrowhead).

DISCUSSION

demonstrated elevated tumor markers (CA-19-9,
112 U/mL; Span-1, 41 U/mL). Abdominal enhanced
CT revealed an 18-mm hypovascular tumor in the
pancreatic body and a dilated main pancreatic duct
in the tail side of this tumor (Figure 4A). The tumor
was located next to the splenic vein. There was a
7-mm cystic lesion without a nodule in the pancreatic
head. Endoscopic ultrasound showed an 18.5-mm
low echoic heterogeneous tumor in the pancreatic
body and a 10-mm branch duct intraductal papillary
mucinous neoplasm (IPMN) in the uncinate process of
the pancreas. The main pancreatic duct was narrowed
at the pancreatic body and dilated in the tail side in
endoscopic retrograde pancreatography (Figure 4B).
We diagnosed PDAC in the pancreatic duct with a
branch duct type IPMN in the pancreatic uncus and
performed distal pancreatectomy, splenectomy, and
lymph node dissection.
Macroscopic findings of the resected specimen
showed a 32 mm × 20 mm tumor in the pancreatic
body and a small lesion in the pancreatic tail, 15 mm
away from the main tumor (Figure 5). Pathological
findings revealed a poorly differentiated tubular

WJG|www.wjgnet.com

In each of the cases described in this report, we found
a small lesion separated from the main tumor in the
resected specimens, and diagnosed IPM of PDAC
pathologically. The current cases and a previously
reported case are compared in Table 1. Although there
are no guidelines or diagnostic criteria for IPM, we
reached the diagnosis of IPM in our cases for several
specific reasons. First, although the small lesions had
no connection to the main tumors, the small lesions
and main tumors showed similar histological findings.
The small lesions were separated from the main
tumors by 10 mm or more, and a few sections of
the intermediate regions included no invasive cancer.
Second, there were no premalignant lesions in or
around the small lesions. Third, the histological type of
the small lesions was monotonous. PDAC essentially
consists of various differentiated carcinomas, reflecting
[5-7]
its multistep carcinogenesis . Although there is a
possibility of de novo carcinogenesis for such small and
poorly differentiated carcinomas, it seems to be a rare
occurrence.
[3]
In a report of 21 cases of IPM, Oguro et al sug
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A

B

Figure 3 Microscopic findings of the main lesion (A) and the daughter lesion (B) of case 1. A: Tumor cells form irregular glands with marked infiltration of
neutrophils. Hematoxylin and eosin staining. Objective magnification, × 40; B: The microscopic lesion of the pancreatic tail demonstrated similar morphology to the
main lesion. Hematoxylin and eosin staining. Objective magnification, × 40.

A

B

Figure 4 Enhanced abdominal computed tomography scan (A) and endoscopic retrograde cholangiopancreatography image (B) of case 2. A: The
hypovascular tumor in the pancreatic body (arrowheads); B: Dilation and disruption of the main pancreatic duct (arrows).

dominant, primary tumor; and (4) unaccompanied
by premalignant lesions of PDAC, such as pancreatic
intraepithelial neoplasia (PanIN) and IPMN. Oguro et
[3]
al also commented that IPM is an invasive lesion
that is separated by a distance of 5 mm or more
from PanIN-3 or noninvasive IPMN with high-grade
dysplasia. Each of our two cases was consistent with
first three criteria of them. With regard to premalignant
lesions, there was an IPMN in the pancreatic head and
an intraepithelial lesion connected to main tumor in
case 2, but no connections existed between the IPM
and these lesions.
There are some commonalities between our two
cases. Both patients had lymph node metastasis and
splenic vein invasion, both patients developed early
recurrence in the liver, and both IPMs were located
in the tail of pancreas. In addition, the lymphatic and
venous invasions in the area of the IPM were ly1, v1
[3]
in case 1 and ly0, v1 in case 2. Oguro et al observed
no significant relationship between IPMs and tumor
location, lymph node status, portal vein invasion,
or other pathological factors. However, IPM was an
independent poor prognostic factor, and lymphatic and
venous invasion in the area of the IPM were observed
for 35% and 62% of IPMs.

Figure 5 Image of the resected pancreas from case 2. The resected
specimen showed a 32 mm × 20 mm tumor in the pancreatic body (arrows)
and a small lesion at a 15 mm distance at the tail side from the main lesion
(arrowhead).

gested the following diagnostic criteria: (1) located
within the pancreatic parenchyma and separated
from the dominant, primary tumor by a distance of
5 mm or more; (2) showing a histologic appearance
identical to that of the dominant, primary tumor; (3)
differentiated to the same degree as or less than the
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A

B

C

Figure 6 Microscopic findings of the main lesion (A) and the daughter lesion (B, C) of case 2. A: Carcinoma cells form trabecular or ill-defined structure with
fibrosis. Hematoxylin and eosin staining. Objective magnification, × 40; B, C: A tiny cancer nest was observed in the pancreatic tail without distinct spatial connection
with the main tumor. Hematoxylin and eosin staining. Objective magnification, × 10 (B) and × 40 (C).

Table 1 Intrapancreatic metastasis of pancreatic ductal adenocarcinoma
Main tumor
Location Size (mm)

Stage
(UICC)

Tumor
Major vascular
differentiation
invasion

Metastatic tumor
Location Distance from Size (mm)
Tumor
Postoperative
main tumor
differentiation
course

Ogawa (2011)

Body

15 × 12

Moderate

Unknown

Unknown

Body

2 mm

3×2

Unknown

Case 1

Body

35 × 18

Moderate

PVsp

IIB

Tail

25 mm

0.6

Moderate

Case 2

Body

32 × 20

Poor

PVsp

IIB

Tail

20 mm

1

Poor

12 mo
NED
6 mo
REC (liver)
16 mo
REC (liver)

NED: No evidence of disease; PVsp: Portal vein (splenic vein); REC: Recurrence; UICC: Union for International Cancer Control.

Between January 2012 and March 2014, 48
patients with PDAC underwent initial surgical resection
at our institution. All specimens were cut into serial
slices of 5-mm thickness and were examined by a
pathologist. Among the 48 patients, 2 (4.2%) had
[3]
IPM, whereas Oguro et al reported an IPM incidence
of about 5%. However, our results may underestimate
the rate of incidence for two reasons. First, most
IPMs are too small to detect preoperatively using
imaging tests such as CT and magnetic resonance
imaging. Furthermore, our cases were less than 2
mm in size, like micrometastasis in breast cancer or
melanoma. We were able to find the small lesions only
after the specimens had been cut into serial slices of
5-mm thickness and all sections had been examined
in detail by the pathologist. If a micrometastasis
happens to occur between the slices, then we cannot
identify it. Second, because we generally perform
pancreatoduodenectomy or distal pancreatectomy,
we cannot examine the remnant pancreas pathologi
cally. Therefore, we think that some cases of early
recurrence in the remnant pancreas of PDAC may
include IPM that is overlooked at the time of first
[8]
surgery. For example, Kleeff et al reported the cases
of 22 patients who underwent pancreatic surgery for
recurrence of PDAC in the remnant pancreas. Among
the 22 cases, there were 13 cases of recurrence within
12 mo and 2 cases of recurrence within 6 mo. It was
too early to diagnose these cases as recurrence of
PDAC, and it is possible that IPM was present at the
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time of first surgery. It should be remembered that
IPM is present in a certain proportion of cases, and
that the pancreas on the opposite side of the main
tumor should be checked to the extent that is possible.
To try to detect small lesion of IPM, we suggest
two methods of imaging: endoscopic ultrasound
(EUS) and intraoperative ultrasound (IOUS). Ogawa
[2]
et al reported that they could diagnose IPM (2 mm)
preoperatively by EUS. EUS has higher sensitivity
than other imaging modalities for the detection of
[9,10]
pancreatic small lesions, in particular solid lesions
.
IOUS in which the transducer is in direct contact with
the pancreas can provide higher resolution images
than extracorporeal ultrasound because the pancreas
[11]
is located deep in the body cavity. Marcal et al
reported that IOUS provides high spatial and contrast
resolutions alongside its real-time imaging capabilities,
and this imaging method has enabled us to detect
additional lesions, which were not identified on
preoperative imaging. Furthermore, the procedures of
IOUS are easier than those of EUS. If IPM is recognized
preoperatively or intraoperatively, the physician should
begin to consider management methods for this lesion,
for example including diagnosis by ultrasound-guided
needle biopsy; a change to the operative method,
such as additional resection or total pancreatectomy;
or close observation after the operation. Although it
may be difficult to detect micrometastasis, it is worth
making the attempt.
Regarding the pathogenesis of PDAC, it is known that
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located in the remnant pancreas or in resected specimens other than the main
lesion; although it is difficult to identify multicentric carcinogenesis, pathological
diagnostic criteria of intrapancreatic metastasis of PDAC have been suggested
in this report.

multicentric carcinogenesis is derived from premalignant
[6,12]
lesions, PanIN, or IPMN
. We discriminate IPM from
multicentric carcinogenesis pathologically on the basis of
discontinuity with the premalignant lesion. Premalignant
lesions like IPMN have heterogeneity in the base
sequence of the same gene mutation, and multicentric
cancers from the same IPMN may have different base
[13-15]
sequences in the gene mutation
. On the other
hand, a metastatic lesion and its primary lesion may
have the same base sequence in the gene mutation.
This means that IPM and multicentric carcinogenesis
can be discriminated by analyzing and comparing
the base sequences of gene mutations in the two
lesions. It is important that future investigations clarify
the mechanisms behind the occurrence of IPM and
multicentric carcinogenesis.
In conclusion, we have documented two cases
of IPM of PDAC. It should be remembered that IPM
is present at a constant rate, and may be located in
the remnant pancreas or in resected specimens other
than main lesion. Although the diagnostic criteria for
IPM and the clinicopathological significance of IPM still
need to be clarified, we have only encountered a small
number of subjects. Therefore, further accumulation of
cases is necessary.

Peer-review

There have been only a few reports of intrapancreatic metastasis of PDAC.
This study introduces the clinicopathological characteristics and follow-up
information of intrapancreatic metastasis of PDAC.
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Abstract
Primary hepatic neuroendocrine carcinoma (NEC) with
concurrent occurrence of hepatocellular carcinoma
(HCC) of the liver is very rare. Only 8 cases have been
reported in the literature. Concurrent occurrence of
HCC and NEC in the liver is classified as combined type
or collision type by histological distributional patterns;
only 2 cases have been reported. Herein, we report
a case of collision type concurrent occurrence of HCC
and NEC, in which primary hepatic NEC was in only a
small portion of the nodule, which is different from the
2 previously reported cases. A 72-year-old male with
chronic hepatitis C was admitted to our hospital for a
hepatic mass detected by liver computed tomography
(CT) at another clinic. Because the nodule was in
hepatic segment 3 and had proper radiologic findings
for diagnosis of HCC, including enhancement in the
arterial phase and wash-out in the portal and delay
phases, the patient was treated with laparoscopic left
lateral sectionectomy. The pathology demonstrated
that the nodule was 2.5 cm and was moderately
differentiated HCC. However, a 3 mm-sized focal
neuroendocrine carcinoma was also detected on the
capsule of the nodule. The tumor was concluded to
be a collision type with HCC and primary hepatic NEC.
After the surgery, for follow-up, the patient underwent
a liver CT every 3 mo. Five multiple nodules were found
in the right hepatic lobe on the follow-up liver CT 6 mo
post-operatively. As the features of the nodules in the
liver CT and MRI were different from that of HCC, a
liver biopsy was performed. Intrahepatic recurrent NEC
was proven after the liver biopsy, which showed the
same pathologic features with the specimen obtained
6 mo ago. Palliative chemotherapy with a combination
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Alpha-fetoprotein (AFP) was 3.8 ng/mL, but protein
induced by vitamin K antagonist-II (PIVKA-II) was
very high at 1059 mAU/mL. Viral markers showed
negative serum hepatitis B surface antigen/antibody
(HBsAg/anti-HBs) and positive serum hepatitis C
antibody (anti-HCV). His serum HCV RNA titer was
77464503 IU/mL with 1b genotype. The prior liver CT
revealed a 2.2 cm × 2.0 cm sized nodule in hepatic
segment 3, which featured mild external protrusion.
It also showed slight enhancement compared to the
surrounding liver parenchyma with a subtle border
in the arterial phase, and low density with clear
border in the portal and delayed phases after washout of the contrast medium. Additional dynamic
liver magnetic resonance imaging (MRI) revealed
greater enhancement than the CT scan in the arterial
phase, and low density after wash-out of the contrast
medium, similar to the CT scan in the portal and delay
phases (Figure 1). Therefore, the patient proceeded to
undergo laparoscopic left lateral sectionectomy under a
diagnosis of HCC. The actual size of the nodule was 2.5
cm × 2.0 cm. Pathology demonstrated that the nodule
was mostly moderately differentiated HCC with clear
cytoplasm and positive immunohistochemical staining
for hepatocyte paraffin-1, CD31, and CD34. A 3 mmsized focal neuroendocrine differentiation was also
detected and was separated by a fibrous band within
one nodule. Cells obtained from this portion featured
little cytoplasm, a high nucleus/cytoplasm (N/C) ratio,
and salt and pepper chromatin in their nuclei (Figure
2A). Immunohistochemistry and special staining were
negative for hepatocyte paraffin-1, CD31, and CD34
but positive for CD56 (Figure 2B and C). The mitotic
count was 20 mitoses per 10 high power fields (20/10
HPF), so high grade NEC was diagnosed. After the
surgery, the patient was followed-up with a liver CT
every 3 mo. Five multiple nodules were found in the
right hepatic lobe in a follow-up liver CT 6 months
post-operatively. The nodules were presumed not to
be HCC but another different tumor, as the largest one
was 3.3 cm in size with rim enhancement and no other
enhancement on liver CT and on liver MRI (Figure 3).
Fine-needle aspiration guided by ultrasound revealed
the lesion to be consistent with high grade NEC, and
it showed the same pathologic features with the
specimen obtained 6 mo ago (Figure 4). To exclude
metastatic NEC from other organs, gastrofibroscopy,
colonoscopy and chest CT were performed; there was
no evidence of another origin site in the examinations.
Eventually, recurrent NEC was proven after collision
tumor of HCC and primary hepatic NEC surgery.
Palliative chemotherapy with a combination of eto
poside and cisplatin has been administered for 4 mo,
showing partial response.

of etoposide and cisplatin has been administered for 4
months, showing partial response.
Key words: Collision tumor; Hepatocellular carcinoma;
Neuroendocrine carcinoma; Chronic hepatitis C
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Only 2 cases of collision tumor of hepato
cellular carcinoma and primary hepatic neuroendocrine
carcinoma involving the liver have been reported
in the literature. This case shows different clinical
characteristics from the previous cases. And we analyzed
total 8 previous cases reported as concurrent occurrence
of hepatocellular carcinoma and neuroendocrine
carcinoma. This report will be helpful to elucidate the
features of collision tumors.
Choi GH, Ann SY, Lee SI, Kim SB, Song IH. Collision tumor
of hepatocellular carcinoma and neuroendocrine carcinoma
involving the liver: Case report and review of the literature.
World J Gastroenterol 2016; 22(41): 9229-9234 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i41/9229.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i41.9229

INTRODUCTION
Although the liver is the most common metastatic
[1]
lesion of NEC, primary NEC is very rare . The
concurrent occurrence of NEC and HCC in the liver is
[2-9]
extremely rare with only 8 cases reported . They
are classified as combined type or collision type based
on the presentation of histological distribution. Only 2
cases of the collision type have been reported. Here,
we report a rare case of a NEC and HCC collision tumor
in the liver of a chronic hepatitis C patient, and we
discuss the previous 8 cases.

CASE REPORT
A 72-year-old man presented with a hepatic mass
that had been detected by liver computed tomography
(CT) at another clinic. The patient had a 3-year history
of chronic hepatitis C without treatment but with
regular check-ups. His initial vital signs were stable.
He had no specific symptoms, such as abdominal
discomfort, body weight loss, or jaundice. A complete
blood count revealed a white blood cell count of 3310/
μL, hemoglobin of 16.0 g/dL, and a platelet count of
191000 /μL. Serum chemistry test results showed
normal ranges of total protein 7.4 g/dL, albumin 4.2
g/dL, and total bilirubin 0.65 mg/dL. However, the
levels of serum aspartate transaminase (AST) 141
IU/L and alanine transaminase (ALT) 140 IU/L were
elevated. A coagulation test was within normal limits,
including international normalized ratio (INR) 0.92.
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DISCUSSION
Concurrent occurrence of two different tumors in the
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A

B

Figure 1 Magnetic resonance imaging of the liver. A 2.2 cm × 2.2 cm sized lobular contoured mass was found on segment 3. It showed mild enhancement in the
arterial phase (A) and a washed-out pattern in the portal phase (B).

A

B

C

Figure 2 Microscopic findings. A: Moderately differentiated hepatocellular carcinoma (HCC) is found in the upper portion. The malignant cells show a clear and rich
cytoplasm. It is separated from neuroendocrine carcinoma (NEC) by a fibrous band. Poorly differentiated NEC is found in the lower portion. The cytoplasm is barely
seen, and the N/C (nucleus/cytoplasm) is very high (hematoxylin eosin staining, magnification × 100); B: Immunohistochemical staining of hepatocyte paraffin-1 is
positive in the upper HCC portion (magnification × 100); C: Immunohistochemical staining of CD56 is positive in the lower NEC portion (magnification × 100).

liver is classified as combined type or collision type by
histological distribution. It can present as a combined
tumor in which components of both tumors intermingle
and cannot be clearly separated in the transitional
area within a single tumor nodule. A collision tumor
shows two histologically distinct tumors involving the
same organ with no histologic admixture. They coexist with distance or adherence, in which the tumors
are separated by a fibrous band. The combined type
of HCC plus cholangiocarcinoma is most common,
representing 2.0% to 3.6% of all primary hepatic
[10]
malignancies .

WJG|www.wjgnet.com

In contrast to the HCC plus cholangiocarcinoma
type in the liver, the concurrent occurrence of HCC and
NEC is rarer because the incidence of primary hepatic
NEC is very rare in contrast to occasional intrahepatic
metastasis of NEC. Only 8 cases have been reported
[2-9]
in the literature (Table 1) . The 8 cases include 6
cases of the combined type and 2 cases of the collision
type. In the present case, it was difficult to classify the
tumor as a combined or collision type. The collision
type is definitively distinguished by a fibrous band
without a transition zone. In comparison with other
collision types in which each tumor has some volume,
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A

B

Figure 3 Magnetic resonance imaging of the liver after 6 mo. Five nodules were detected in the right lobe. The biggest was 3.3 cm. The nodules showed rim
enhancement on the arterial phase (A) and low density on the portal phase (B).

different hepatic segments. On the other hand, in the
present case, it was difficult to consider the NEC as a
metastatic lesion because the HCC and NEC regions
existed within the same capsule separated only by a
fibrous band.
The previous 8 cases of concurrent HCC and
primary hepatic NEC all featured male patients with
underlying liver disease, involving chronic hepatitis C
in 4 cases, chronic hepatitis B in 3 cases, and cirrhosis
of unknown cause in one case. The age distribution
included the 40 s (one case), 50 s (2 cases), 60 s (3
cases), and 70 s (3 cases). More frequent diagnosis
with age is evident. Surgery was performed after the
diagnosis in 7 cases (Table 1).
The histogenesis of primary hepatic neuroendocrine
tumors (NETs) is unclear. There are two theories. One
is that such tumors originate from neuroendocrine
cells in the intrahepatic bile duct epithelium. The
other is that stem cell precursors of malignant cells
from another hepatic malignant tumor differentiate
[11,12]
into a neuroendocrine tumor
. The first theory
can explain the histogenesis when there is no other
malignant tumor in the liver but only for primary
hepatic neuroendocrine tumors. The second theory is
more convincing in the case of concurrent occurrence
of HCC and primary hepatic NET, whether combined or
collision type. The combined type is more amenable to
the second theory because the two types of malignant
cells mingle in the transition zone.
There has been no established treatment for the
combined and collision types because few cases have
been reported. Although it is difficult to find out which
tumor (HCC or NEC) determines the poor prognosis
of the disease, previous cases and our case implicate
NEC in the poor prognosis due to its aggressive course,
which can include metastasis. Another reason for the
association of NEC with poor prognosis is the relatively
short survival time of patients, even with regular liver
ultrasonography or liver CT for surveillance of their
underlying liver disease, such as chronic viral hepa
titis, and early surgical management. Consequently,
when the pathologic grade of NEC is high, adjuvant

Figure 4 Microscopic findings of fine-needle biopsy. The size of malignant cells
is variable, and the shape is very bizarre. They are clustered, forming nests, and the
mitosis rate is above 20 per 10 HPF (hematoxylin eosin, magnification × 100).

the volume of the NEC portion in the present case
was small (only 3 mm). However, it is still reasonable
to consider collision type rather than combined type
because of the presence of a fibrous band between the
two tumors without a transition zone.
The present case involved a patient with chronic
hepatitis C, as did the other 2 reported cases of the
[2]
collision type. Garcia et al reported a case of collision
type tumor with HCC and primary hepatic NEC in a
50-year-old male patient. The tumor was 5 cm in
size. The tumor was 70% NEC and 30% HCC, which
differed from the present case. A similarity was the
division of the tumors by a fibrous band in microscopic
[2]
examination . On the other hand, the case reported
[3]
by Ishida et al showed different features from the
other cases in that the collision type tumor occurred in
other hepatic segments: the 3 cm NEC and the 1.5 cm
HCC were in segment 8 and segment 5, respectively.
With both the combined and collision type, it is
important to make a clear distinction between primary
intrahepatic NEC and metastatic NEC from extrahepatic
organs because the incidence of primary intrahepatic
NEC is rare. Surveys and evaluations to rule out
metastatic NEC were essential in the case reported
[2]
by Garcia et al because the tumors developed in
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Table 1 Summary of previously reported cases of hepatocellular carcinoma plus neuroendocrine carcinoma involving the liver
Ref.

Age/sex

Clinical
manifestations

Underlying liver
disease

Tumor size

Type

Treatment

Survival

Barsky/1984[4]
Artopoulos/1994[5]
Vora/1999[6]

43/M
69/M
63/M

Hepatitis B
Hepatitis B
Liver cirrhosis

Huge1
10 cm
10 cm

Combined
Combined
Combined

Chemotherapy
Operation
Operation

Ishida/2003[3]
Yamaguchi/2004[7]

72/M
71/M

RUQ swelling
RUQ pain
Abdominal pain
and jaundice
No symptom
No symptom

Hepatitis C
Hepatitis C

Collision
Combined

Operation
Operation

Garcia/2006[2]

50/M

No symptom

Hepatitis C

3 cm, 1.5 cm
4.1 cm2, 4.5
cm3
5 cm

26 mo
NM
Died during
admission
NM
NM

Collision

Yang/2009[8]
Aboelenen/2014[9]

65/M
51/M

Epigastric pain
Abdominal pain

Hepatitis B
Hepatitis C

7.5 cm
7.5 cm

Combined
Combined

Operation and
chemotherapy
Operation
Operation

NM
Died after 1 yr
No recurrence up to
6 mo

1

Large mass involving the right lobe; 2Combined tumor of hepatocellular carcinoma (HCC) and neuroendocrine carcinoma; 3Pure HCC. RUQ: Right upper
quadrant; NM: Not mentioned.

Related reports

chemotherapy is needed to increase life expectancy
whereas NEC was small as in this case.
In summary, we experienced a case of concurrent
occurrence of HCC and NEC collision type in a
chronic hepatitis C patient with multiple intrahepatic
metastases 6 mo after the surgical procedure in spite
of the very small size of the NEC, which had been
completely removed. In consideration of the present
case and previous cases, aggressive chemotherapy is
necessary in concurrent occurrence of HCC and NEC.
More cases need to be documented to better define
treatment.

The concurrent occurrence of NEC and hepatocellular carcinoma in the liver
are classified as combined type and collision type. Only 2 cases of the collision
type and 6 cased of combined type have been reported.

Term explanation

Combined type -components of both tumors intermingle and cannot be clearly
separated in the transitional area within a single tumor nodule.

Experiences and lessons

Please summarize experiences and lessons learnt from the case in one
sentence. Adjuvant chemotherapy should be done for collision or combined
tumor of hepatocellular carcinoma and neuroendocrine carcinoma although the
portion of neuroendocrine carcinoma is very small.
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Case characteristics

Good job. Very rare case actually.

Neuroendocrine carcinoma recurred at 6 mo after operation for collision tumor
of hepatocellular carcinoma and neuroendocrine tumor in 72-year-old man with
chronic hepatitis C.
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Abstract
Hirschsprung’s disease (HD) is an intestinal malfor
mation caused by the innate absence of ganglion
cells in the neural plexus of the colorectal wall, and
is most common in male infants. It is rare in adult,
and is usually left-sided. Herein we reported based
on the CARE guidelines a case of a 47-year-old adult
female suffering from “right-sided” HD complicated
by refractory hypertension and cough. The patient
with a history of cesarean section and with digestive
unfitness (abdominal pain, distention, and constipation)
only since 20 years old had recurrence of HD after
initial surgery due to the incomplete removal of the
HD-affected bowel based on a diagnosis of “chronic
ileus”, leading to the relapse of the digestive symptoms
and the emergence of some intractable circulatory
and respiratory complications which could be hardly
controlled by conservative treatment. During the
long interval before coming to our department for
help, she had been re-hospitalized for several times
with various misdiagnoses and supplied merely with
symptomatic treatment which could only achieve
temporary symptomatic relief. At her admission to
our department, the imaging examinations strongly
indicated recurrent HD which was further supported
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from long-term constipation, distention, and bellyache
which are not relevant to diet. Adult HD, which is rare,
often develops from misdiagnosed infant HD with
mild symptoms, and is easily considered intractable
[3]
constipation . Conservative treatment does not work
satisfactorily for adult HD, which usually requires
[4]
surgery .
Herein we report a case of a female adult patient
with ‘right-sided’ HD complicated by refractory
hypertension and cough who had undergone several
misdiagnoses and who received re-surgery in our
department 17 years after the initial operation due
to continuous digestive, circulatory and respiratory
unfitness, which, to the best of our knowledge, has not
been previously reported.
Written informed consent was obtained from
the patient, and this report was approved by the
Institutional Review Board of the First Affiliated
Hospital of Anhui Medical University and was in
[5]
accordance with the Declaration of Helsinki , the
[6]
[7]
Good Clinical Practice , and the CARE Statement for
clinical case reports.

by pathological examinations, and right hemicolectomy was performed to remove the remnant
aganglionic intestinal segment. Intraoperative and
postoperative pathology supported the completeness
of the definitive resection. Post-operation, the patient’s
bowel motility significantly improved, and interestingly,
the complications disappeared. For adult patients
with long-term constipation combined with cough and
hypertension, rare diseases like HD which requires
definite surgery and which could be “right-sided”
should not be overlooked. It is vital to diagnose and
cure HD patients in childhood. Through the comparison
of the two surgeries, it is noteworthy that for diagnosed
HD, sufficient removal of the non-functional intestine
confirmed by intraoperative pathology is essential.
Key words: Adult Hirschsprung’s disease; Reoperation;
Ileus; Chronic constipation; Hypertension; Cough; CARE
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hirschsprung’s disease (HD) is most common in
male infant, and is usually left-sided. Herein we reported
a case of a 47-year-old adult female suffering from
“right-sided” recurrent HD complicated by refractory
hypertension and cough and receiving reoperation. The
patient with digestive unfitnesses only since 20 years
old had recurrence of HD after the initial surgery due
to the incomplete removal of the HD-affected bowel. At
her admission to our department, right hemi-colectomy
was performed to completely remove the remnant
aganglionic intestinal segment, which was confirmed by
intraoperative pathology. Post-operation, the patient’s
bowel motility significantly improved, and interestingly,
the complications disappeared.

CASE REPORT
rd

On April 23 2015, a 47-year-old female patient
with a surgical history of cesarean section in 1992
was admitted to our department complaining about
postprandial pain and distention of the right lower
abdomen for 17 years after the resection of most part
of the transverse colon. She suffered from constipation
since 1988, with the average defecation frequency
once 3-4 d, and the lowest once a week, and received
no special treatment then. However, she did not
experience any abdominal symptoms during the first
20 years of her life.
th
On 10 February 1998, she was hospitalized in
Department of Emergency Surgery in our hospital
because of bellyache and constipation, and was
discharged after conservative treatment. However,
she was re-hospitalized due to intestinal obstruction
and was suspected as “adhesive ileus” based on her
operation history only 6 d later. The transverse colon
resection was planned. The pre-surgical blood and
urine tests were normal. The endoscopic pathological
examination and the routine fecal examination
were not conducted. The surgery was conducted
th
on 12 March. During surgery, it was observed that
the middle of the transverse colon was significantly
distended to approximately 10 cm in diameter. Around
25 cm of the dilated colon was removed, and the
splenic flexure was rectified. The post-operational
pathological examination showed infiltration of acute
and chronic inflammation cells and focal hemorrhage
(the immunohistochemistry and specific staining tests
were not performed, possibly due to the fact that HD
was not considered, or to the unavailability of such a
test then). However, after the first surgery, she still
experienced constipation, and postprandial bloating

Wei ZJ, Huang L, Xu AM. Reoperation in an adult female
with “right-sided” Hirschsprung’s disease complicated by
refractory hypertension and cough. World J Gastroenterol 2016;
22(41): 9235-9241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i41/9235.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i41.9235

INTRODUCTION
Congenital megacolon (Hirschsprung’s disease,
HD) is an intestinal malformation caused by the
innate absence or decrease of ganglion cells in the
submucosal (Meissner) and myenteric (Auerbach)
neural plexuses of the colorectal wall, and dates
back to a defect in the craniocaudal migration of the
neuroblast originating from the neural crest that occurs
[1]
during the first 3 mo of gestation . It is most common
in male neonates and infants, and usually affects the
left colon and part of the rectum. Rarely the whole
colon could be aganglionic, which is known as the
[2]
Zuelzer-Wilson syndrome . HD patients mostly suffer
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A

B

C

D

Dilated colon

Expanded colon

Annular stenotic
transition

Expanded bowel

Remnant stool
Oppressed liver

E

F

Remnant gas
Normal bowel
Dilated intestine
Expanded colon

Figure 1 Imaging examinations. The radiography (A) showed right pleural effusion and thickening, and potential interposition of the dilated colon. The colon double
contract pneumobarium radiography (B and C) and the abdominopelvic computed tomography (D-F) revealed significant expansion of the cecum, the ascending
colon, the hepatic flexure of colon, and the remnant transverse colon, with the most dilated area 13.6 cm wide. Abundant residual stool, gas, and liquid existed. An
annular stenotic transitional segment (only 3.8 cm wide) could be perceived. The other intestines were normal. The neighboring organs and tissues underwent marked
displacement and deformation under pressure.

and bellyache, and soon felt obvious aggravation of the
symptoms. She was then prescribed with laxatives.
She was hospitalized to our hospital again in 2000 due
to ileus, and refused the suggested reoperation. She
was discharged when feeling better after conservative
management, and depended on laxatives thereafter.
From 2000 to 2015, the patient was admitted to
hospital for several times due to intestinal obstruction,
and the symptoms were relieved after symptomatic
treatment like gastrointestinal decompression, enema,
and anti-inflammation. Unfortunately, during this
period, she had not been proposed the diagnosis of
HD.
The patient had hypertension since 2002, and the
blood pressure (BP) could be initially well-controlled
by oral nitrendipine treatment. However, later on the
BP gradually elevated, and had to be antagonized
by the addition of captopril. In recent 2 years, the
patient experienced aggravated anorexia and postmeal symptoms, obvious weight loss (about 20 kg),

WJG|www.wjgnet.com

progressive continuous cough, and significantly elevated
BP (146/100 mmHg at admission, and 180/110 mmHg
as the highest level during drug administration),
which could be poorly controlled by oral symptomatic
st
treatment drugs. On April 21 2015, the colon contrast
pneumobarium conducted in the Fourth Affiliated
Hospital of Anhui Medical University indicated giant right
hemi-colon, and she came to our department seeking
for medical management. The patient weighed 44 kg at
admission. The physical examination showed a bulging
abdomen with an about 15 cm-long old surgical scar
on the right upper abdomen. The drum sound was
obvious during percussion, and the frequency of the
bowel sound was 5 times per min. All the other physical
examinations were normal.
For the hospitalization in our department, the
routine blood and fecal tests were normal, and the
urine test showed the presence of bacteria (429/μL).
Imaging examinations offered informative clues for
diagnosis (Figure 1). The chest radiography showed
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intestine
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Figure 2 Surgical pictures. In the second surgery, right colectomy was conducted to remove the aganglionic and the dilated fragments (A and B), and the resected
intestine included the non-dilated bowel 6 cm beyond the anastomosis of the initial surgery (C), ensuring the completeness and definitiveness of the removal. The
affected colon was obviously outstretched (D).

right pleural effusion and thickening, and potential
colon interposition. The abdominopelvic computed
tomography (CT) and the colon double contract
pneumobarium radiography revealed significant
expansion of the cecum, the ascending colon, the
hepatic flexure of colon, and the remnant transverse
colon, with the most dilated area 13.6 cm wide.
Abundant residual stool, gas, and liquid existed. An
annular stenotic transitional segment (only 3.8 cm
wide) could be perceived, and the original transversedescending colon anastomosis was slightly narrow with
limited distension capability. All the other intestines
were normal. The neighboring organs and tissues
underwent marked displacement and deformation
under pressure.
Right colectomy was conducted for the patient to
remove the aganglionic and the dilated fragments
based on the initial consideration of HD followed by
ileum-colon anastomosis, and the resected intestine
included the non-dilated bowel 6 cm beyond the
anastomosis of the initial surgery. The intraoperative
frozen section pathological examination convinced us of
the completeness and definitiveness of the eradication
of all the remnant aganglionic bowel segment. An
intestine segment with normal ganglion cells could be
seen in the resected specimen pathologically. During
surgery, we observed mild adhesion of the abdominal
cavity, the obviously outstretched colon, and the
deformed liver due to extrusion (Figure 2). The right
lobe of the liver markedly shifted upwards, and the
left lobe underwent compensatory enlargement. The
left colon and rectum were all fine in morphology

WJG|www.wjgnet.com

and motility with satisfactory tension perceived and
without abnormal dilation or constriction, and the
intraoperative pathology further supported that they
were normal in structure with sufficient ganglion cells
and should not be removed, which seems different
from the common understanding that they are usually
[1]
affected in HD . The postsurgical pathological report
supported the HD diagnosis, showed the remnant
aganglionic section left behind by the first surgery,
and importantly, confirmed the definitiveness of the
reoperation based on the presence of normal bowel
segment with normal ganglion cells in the resected
specimen (Figure 3).
Interestingly, after reoperation, the BP dropped to
138/69 mmHg at discharge without the assistance of
any drug, and cough was also cured. Symptomatic
treatment has thus been ceased since then. Up till
now, the patient has been followed up once every
month. No adverse event was observed. She reported
satisfactory diet, without distention and ache of the
abdomen, cough, or hypertension. The defecation
frequency is 3-4 times per day without the assistance
of laxative, the bowel movement is active and smooth,
and she gains weight of about 6 kg with satisfactory
fecal control. She feels much better concerning
quality of life (QoL), especially in the digestive aspect.
Contrary to the initial surgery, the patient did not feel
recurrence/worsening of any HD-related symptoms.
The abdominal CT scan and X-ray examination
conducted in May 2016 did not reveal abnormality. Her
condition was still closely and carefully watched on,
and she expressed great willingness to share her case.
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[12]

A

for diagnosis .
Rectum and distal sigmoid colon are usually affec
[4,13]
ted by HD which is mostly a left-sided disease
,
while in this case only the right hemi-colon was the
influenced bowel as confirmed by pathology and
intraoperative observation, which is scarce compared to
the previous literature reports, and the initial suspicious
diagnosis was even “colon interposition” by experts
based on the imaging. Hypoganglionosis and intestinal
neuronal dysplasia are the common allied disorders of
HD, and the whole digestive tract might be affected to
be disordered in motility, causing refractory anorexia
[14,15]
and constipation
, which however slightly affects
[16]
the QoL in the long term . The tolerance of HD is
relatively good due to a usually short aganglionic bowel
[17]
segment . Unfortunately, the initial surgery in this
case only removed most part of the dilated colon, and
ignored the silent aganglionic part just adjacent to the
structurally-abnormal bowel. Older female HD patients
with a longer aganglionic segment might have a poorer
[4,18,19]
bowel function and QoL
. The patient in this case
experienced apparent unfitness after her adolescence
[20]
presenting like the pseudo-HD , which could be
explained by the gradual proceeding of the disease,
or by the fact that adult HD might be acquired rather
[21]
than congenital . Interestingly, she did not experience
obvious discomfort during her first 20 years of life.
The defecation frequency of this HD adult was more
[22]
frequently than reported by literature (1/7-10 d) .
For HD surgery, it is important to completely
[23]
remove the bowel without functional ganglion cells .
The major surgical methods to treat distal HD include
the one- or two-stage Duhamel, Swenson, Soave,
Rehbein, and some modified approaches, and the
[4]
choice was influenced by surgeons’ experience .
[24]
The laparoscopic approach could also be applied .
The modified Duhamel operation is considered satis
factory with a few manageable adverse events and
nice functional outcomes when treating adult HD
[16,25]
patients
, and the subtotal colectomy combined
with the modified Duhamel procedure is also effec
[26]
tive and safe when dealing with adult distal HD .
However, few literatures have reported the surgical
management of proximal/”right-sided” HD. In this
case, the left colon and the rectum were normal,
and it is obviously inappropriate to remove them as
the reported surgical method for distal HD, since it is
principle to preserve as many as healthy tissues for our
patients, otherwise the postsurgical QoL would be very
low with very poor fecal control. We herein reported
our case with the hope to add some novel knowledge
to the literature. For the second surgery of this patient,
right colectomy was performed to resect the remnant
aganglionic segment, which had not been carefully
removed by the initial operation. It turns out to be
successful based on the improvement of the patient’
s syndromes and imaging findings. The biofeedback
therapy could be additionally supplied post-surgery to
[27]
further recover the intestinal function .

Abnormal bowel
without gangliocytes

Normal colon
with ganglion cells

B
Abnormal colon
without gangliocytes

C

Normal colon
with ganglion cells

Figure 3 Postsurgical pathological examination. A: Shows the junction
of the normal and the abnormal bowel contained in the resected specimen
(magnification × 100); B: Indicates the resected abnormal bowel segment
without ganglion cells (magnification × 100). The cutting edge contained
abundant normal ganglion cells (C, magnification × 200), ensuring the total and
complete removal of the abnormal and aganglioniccolon segment.

DISCUSSION
[8]

Adult HD was first described by Rosin et al in
1950 concerning a 54-year-old man with absence of
colorectal gangliocytes. Most of the HD patients take
laxatives or receive enemas to facilitate defecation,
with the hope to reduce the digestive unfitness, which
they suffer since childhood, and which could provide
key clues for diagnosis. HD could lead to serious and
even lethal complications like enterocolitis, bowel
volvulus and necrosis, which require urgent surgical
[9]
intervention . The major diagnostic method of HD is
barium enema with the mark of a narrowed transition
zone, which might however worsen ileus at the initial
[10]
stage of the disease . Nowadays, CT scan has
become a commonly used diagnostic approach, and
could reveal the thickening extent of the colon and
[11]
the uniformity during enhancement scanning . The
golden diagnostic standard is endoscopic biopsy. A
multimodal investigation approach is usually required
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In this case, the patient’s colon was significantly
aggrandized due to the long-term constipation.
Her symptoms were not significantly relieved after
the initial surgery, and later experienced refractory
complications (hypertension and cough), which has
been rarely reported before. The potential reasons
for the recurrence are that the intraoperative frozen
pathological examination, which should be highly
demanded for such patients, and which could avoid
insufficient extent of resection, was not conducted
during the first surgery potentially due to the limited
medical condition then, thus leading to the reoperation.
The cough was possibly caused by the stimulation
of the diaphragm elevated by the ectatic colon, and
the hypertension might be attributed to the disturbed
circulation due to the imbalanced pleuroperitoneal
pressure and the oppressed liver. For the second
surgery, the patient received right colectomy, which
effectively eliminated the initial symptoms, as well as
the hypertension and cough, and effectively increased
the postoperative defecation frequency and QoL without
causing any complications.
The lessons from this case are key to prevent
patients with similar situations from unnecessary pain
and suffering. Constipation is a common digestive
[28]
symptom . For adult patients with long-term
constipation complicated by cough and hypertension,
rare diseases like HD which requires curative and
definitive surgery to remove all the aganglionic
segment should not be overlooked. The potential
reasons for specific symptoms should be actively
explored, and notably, symptomatic treatment could
not solve the fundamental problems. It is vital to
diagnose and cure HD patients in childhood, which
could significantly improve the satisfactory functional
[13]
outcomes . For diagnosed HD, sufficient removal of
the non-functional intestineconfirmed by intraoperative
frozen section pathology with regular follow-up is
essential, and remaining aganglionic segment should
be considered if symptoms persist or recur.

Clinical diagnosis

ACKNOWLEDGMENTS

Experiences and lessons

“Right-sided” Hirschsprung’s disease (HD) complicated by refractory hypertension
and cough with incomplete removal of the affected bowel.

Differential diagnosis

Chronic ileus, chronic constipation, intestinal tuberculosis, inflammatory bowel
disease, and toxic megacolon could be differentiated from this case mainly
based on pathological examinations.

Laboratory diagnosis

All laboratory tests were within normal limits except the presence of bacteria in
urine (429/μL).

Imaging diagnosis

The abdominopelvic computed tomography and the colon double contract
pneumobarium radiography revealed significant expansion of the cecum, the
ascending colon, the hepatic flexure of colon, and the remnant transverse
colon, with the most dilated area 13.6 cm wide.

Pathological diagnosis

The pathological report supported the HD diagnosis, showing the remnant
aganglionic bowel section left behind by the first surgery.

Treatment

Right colectomy was conducted to remove the aganglionic and the dilated
fragments followed by ileum-colon anastomosis, and the resected intestine
included the non-dilated bowel 6 cm beyond the anastomosis of the initial
surgery.

Related reports

HD is an intestinal malformation caused by the innate absence of ganglion cells
in the neural plexus of the colorectal wall, and is most common in male infants.
It is rare in adult, and is usually left-sided. HD patients mostly suffer from longterm constipation, distention, and bellyache which are not relevant to diet.
Conservative treatment does not work satisfactorily for adult HD, which usually
requires surgery.

Term explanation

Congenital megacolon (Hirschsprung’s disease) is an intestinal malformation
caused by the innate absence or decrease of ganglion cells in the submucosal
(Meissner) and myenteric (Auerbach) neural plexuses of the colorectal wall,
and dates back to a defect in the craniocaudal migration of the neuroblast
originating from the neural crest that occurs during the first 3 mo of gestation.
Rarely the whole colon could be aganglionic, which is known as the ZuelzerWilson syndrome.

For adult patients with long-term constipation combined with cough and
hypertension, rare diseases like HD which requires definite surgery and which
could be “right-sided” should not be overlooked, and it is noteworthy that for
diagnosed HD, sufficient removal of the non-functional intestine confirmed by
intraoperative pathology is essential.
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In this case report, the authors reported a case of a female adult patient with
“right-sided” congenital megacolon HD complicated by refractory hypertension
and cough. It could be helpful to clinical study.
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Case characteristics

A 47-year-old adult female with a history of cesarean section and with digestive
unfitness (abdominal pain, distention, and constipation) only since 20 years old
had recurrence of digestive symptoms after initial surgery due to the incomplete
removal of the affected bowel based on a diagnosis of “chronic ileus”, leading to
the relapse of the digestive symptoms and the emergence of some intractable
circulatory and respiratory complications which could be hardly controlled by
conservative treatment.
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Abstract

Institutional review board statement: This case report was
exempt from the Institutional Review Board standards at Xiamen
University in Xiamen.

Spontaneous rupture of hepatocellular carcinoma (HCC)
is a life-threatening complication and its prognosis
is significantly poor because of the high recurrence
rate after initial hepatectomy. Resection of isolated
extrahepatic metastasis of HCC has been advocated to
obtain a possibility of long-term survival. However, it is a
challenge for clinicians to detect implantation metastasis
of spontaneously ruptured HCC. Accurate re-staging
plays the most important role in making a decision on
18
isolated metastasis resection. F-fluorodeoxyglucose
18
( F-FDG) positron emission tomography/computed
tomography (PET/CT) is useful in detecting intraabdominal implantation metastasis from a variety
of malignancies and shows superior accuracy to
conventional imaging modalities in determining the
location of metastasis. We present one patient with a
new isolated pelvic implantation metastasis detected by
18
F-FDG PET/CT and pathologically confirmed by PET/
CT-guided percutaneous biopsy, who had a history of
resection of spontaneously ruptured HCC two years ago.
The patient’s condition was stable at the 6-mo follow-up
after resection of the isolated pelvic metastasis.
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CASE REPORT
Two years ago, a 38-year-old man with a family
history of HCC was referred to our hospital after an
episode of sudden upper abdominal pain. Laboratory
examination revealed that he was a hepatitis B virus
(HBV) carrier and his alpha-fetoprotein (AFP) level
was more than 1000 ng/mL. Contrast-enhanced CT
showed multiple nodules in the right lobe of the liver
(Figure 1) and segments V-VI-VII hepatectomy was
performed in October 2013. Histology showed an HCC
(Edmondson-Steiner grade III) with a diameter of
12.0 cm and early cirrhosis. No microscopic vascular
invasion was found. After partial liver resection, his
AFP level returned to normal. During 25 mo of followup, contrast-enhanced magnetic resonance imaging
(MRI) every 3 mo did not reveal any evidence of
intrahepatic recurrence or extrahepatic metastasis;
however, his AFP level gradually increased to 418.18
ng/mL. To find out the reason for the AFP increase,
the patient was referred to our center for a whole body
18
18
F-FDGPET/CT examination. F-FDG PET/CT detected
an isolated hypermetabolic lesion with a diameter of
2.4 cm between the right side of the seminal vesicle
and the rectum, which suggested a pelvic implantation
metastasis. A PET/CT-guided percutaneous biopsy of
the hypermetabolic lesion (Figure 2) was performed
and confirmed a real pelvic implantation metastasis
of the spontaneously ruptured HCC. After the isolated
hypermetabolic metastasis was resected, his AFP
level decreased to the accepted level. There was no
recurrence or metastasis in the 6-mo follow-up period
after resection of the isolated pelvic implantation
metastasis.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Spontaneous rupture of hepatocellular
carcinoma is a life-threatening complication and its
prognosis is significantly poor. It is a challenge for
clinicians to detect implantation metastasis. Accurate
re-staging plays the most important role in making
18
a decision on isolated metastasis resection. Ffluorodeoxyglucose positron emission tomography/
computed tomography is useful in detecting intraabdominal implantation metastasis from a variety
of malignancies and shows superior accuracy to
conventional imaging modalities in determining the
location of metastasis.
Hao B, Guo W, Luo NN, Fu H, Chen HJ, Zhao L, Wu H, Sun L.
Metabolic imaging for guidance of curative treatment of isolated
pelvic implantation metastasis after resection of spontaneously
ruptured hepatocellular carcinoma: A case report. World J
Gastroenterol 2016; 22(41): 9242-9246 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i41/9242.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i41.9242

INTRODUCTION
Spontaneous rupture is a fatal complication seen in
3%-15% of all patients with hepatocellular carcinoma
[1-3]
(HCC) and has a high mortality rate
. Currently,
there is no consensus about the best treatment for
spontaneously ruptured HCC. Low-risk curative hepatic
resection may be the best treatment option for ChildPugh A-B patients with spontaneously ruptured HCC.
Small tumor length and number, and early Barcelona
Clinic Liver Cancer (BCLC) stage are the most crucial
predictors associated with satisfactory overall survival.
However, resection of isolated extrahepatic metastasis
of HCC has been advocated to obtain a possibility
of long-term survival. Intra-abdominal implantation
metastasis can be seen anywhere in the abdominal/
pelvic cavity. Therefore, it is logical that whole body
18
18
F-fluorodeoxyglucose ( F-FDG) positron emission
tomography/computed tomography (PET/CT) should
be a tool for monitoring recurrence of HCC rupture.
We present here a patient with spontaneously rup
tured HCC resected two years ago and a new pelvic
18
metastasis recently identified by F-FDG PET/CT. Pelvic
implantation metastasis of spontaneously ruptured
HCC was confirmed by PET/CT guided percutaneous
biopsy. A relatively good prognosis was achieved in this
patient after surgical resection of the isolated pelvic
implantation metastasis.

WJG|www.wjgnet.com

DISCUSSION
Spontaneous rupture is one of the most serious
complications of HCC, and its mortality rates
[4]
range from 25% to 75% . Early-stage elective
hepatectomy is the first-choice treatment for patients
with spontaneously ruptured HCC, with 1-, 3- and
5-year overall survival rates being 85.4%, 63.2% and
46.3%, respectively, compared with 66.3%, 23.4%
[5]
and 10.1% in non-surgical patients . The prognosis
of spontaneously ruptured HCC has been reported
to be poor, and most (30%-70%) of the patients
died within 30 d after resection of the spontaneous
[6]
ruptured HCC . The patients with younger age, better
liver function and earlier tumor stage after resection
[7]
have a good prognosis . In our case, the 38-year-old
patient with good liver function underwent a curative
hepatectomy and achieved a chance of long-term
survival.
Intra-abdominal implantation metastasis is a sig
nificantly unfavorable factor for long-term survival in
patients with spontaneously ruptured HCC. HCC rupture
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Figure 1 Contrast-enhanced computed tomography performed two years ago demonstrated multiple nodules at the right lobe of the liver. A: Non-contrastenhanced computed tomography scan; B: Arterial phase; C: Portal phase; and D: Venous phase.

A

B

C

D

E

Figure 2 Whole body positron emission tomography. A: An isolated hypermetabolic focus is located behind the bladder (black arrow); B: Non-enhanced CT
detecting a median density lesion in the pelvic cavity (white arrow); C: Fused imaging of PET/CT revealing a hypermetabolic lesion at the same position; D and E:
PET/CT-guided biopsy confirmed HCC metastasis (black arrow).

with intra-abdominal hemorrhage is accompanied
with neoplastic cell implantation metastasis. Intraabdominal implantation metastases are divided into two
types: isolated and diffuse. The isolated implantation
metastasis of spontaneously ruptured HCC is suitable
for curative surgical treatment while diffuse metastasis

WJG|www.wjgnet.com

does not. Most reported cases of peritoneal metastases
[8]
were documented months after HCC rupture . Hung et
[9]
[10]
al and Yunoki et al
reported peritoneal metastasis
in the omentum occurring one year after HCC rupture.
[11]
Shirabe et al
reported a patient who had previously
undergone hepatic resection for ruptured HCC but
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resection of spontaneously ruptured hepatocellular carcinoma (HCC).

developed a solitary peritoneal recurrence at the incision
[12]
site 105 mo later. Lin et al
reported a patient who
had diffuse intraperitoneal metastasis after spontaneous
rupture of HCC. In contrast, pelvic implantation
[13]
metastasis is rarely reported. Nakashima et al noted
that metastases to the pouch of Douglas occurred in
6.2% of 232 consecutive autopsy cases of HCC. We
present here one patient with isolated implantation
metastasis occurring two years after resection of the
initial spontaneously ruptured HCC.
The early diagnosis of recurrence and metastasis
of spontaneously ruptured HCC is very important for
further treatment to improve the prognosis. At present,
the main methods used for detecting recurrence and
metastasis in clinical practice include monitoring serum
AFP value and conventional imaging. An unexplained
gradual rise of AFP after treatment is a sensitive
early indicator of tumor recurrence or extrahepatic
metastasis; however, AFP cannot localize the lesion.
Although conventional imaging has been generally
acknowledged in detecting intrahepatic recurrence,
it has many limitations in detecting extrahepatic
18
recurrence and metastasis. Nowdays, F-FDG PET/CT
can not only detect the host residual liver recurrence,
but also is the most effective imaging method for
[14]
detecting distant metastasis of tumor .
18
F-FDG PET/CT is a useful metabolic imaging tool
for monitoring recurrence and re-staging when AFP is
increasing again after the resection of spontaneously
ruptured HCC, especially for the isolated extrahepatic
[15]
implantation metastasis . It is not only an effective
whole-body imaging technique but also detects
metabolic changes that differentiate malignant from
benign tumors through the precise localization of
18
suspected F-FDG uptake foci and their characterization
[16]
compared to conventional imaging structural findings .
[17]
In our previous study , we have found that merged
PET/CT images provide a complementary role in
the assessment of whether the detected disease is
resectable. It is crucial for our patient that the detected
18
isolated pelvic implantation metastasis by F-FDG PET/
CT scan was curatively re-resected two years after the
resection of spontaneously ruptured HCC.
The isolated implantation metastasis, if possible,
should be curatively resected after initial resection
of spontaneously ruptured HCC, which might offer
[18,19]
18
long-term survival benefit
. F-FDG PET/CT
provide important information for the detection of
extrahepatic implantation metastasis and precise
location to complete preoperative re-staging. This case
is sensationally practical for patient follow-up and restaging after the resection of spontaneously ruptured
HCC, especially when a gradual rise of AFP that
conventional imaging cannot explain is present.

Clinical diagnosis

It is highly suspected as recurrence after the resection of spontaneously
ruptured HCC due to an AFP increase.

Differential diagnosis

Pelvic primary benign tumor, pelvic malignant tumor, and germ cell tumor.

Laboratory diagnosis

The AFP gradually increased from the normal level to 418.18 ng/mL.

Imaging diagnosis
18

F-fluorodeoxyglucose (18F-FDG) positron emission tomography/computed
tomography (PET/CT) detected an isolated hypermetabolic lesion with a
diameter of 2.4 cm between the right side of the seminal vesicle and the
rectum.

Pathological diagnosis

PET/CT-guided percutaneous biopsy of the hypermetabolic lesion was
performed and confirmed pelvic implantation metastasis of the spontaneously
ruptured HCC.

Treatment

The isolated hypermetabolic metastasis in the pelvic cavity was excised for
curative surgical treatment.

Related reports

Pelvic implantation metastasis has not been reported, and it only was noted
that metastases to the pouch of Douglas occurred in autopsy cases of HCC.

Term explanation

Spontaneously ruptured hepatocellular carcinoma has a poor prognosis, and
resection of isolated extrahepatic metastasis of HCC has been advocated to
obtain a possibility of long-term survival.

Experiences and lessons
18

F-FDG PET/CT is a useful metabolic imaging tool for monitoring recurrence
of spontaneous ruptured HCC and its re-staging when AFP is increasing again
after the resection of spontaneously ruptured HCC, especially for the isolated
extrahepatic implantation metastasis.

Peer-review

Imaging supports the findings. It is well-documented, written and presented.
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Hepatic epithelioid hemangioendothelioma (HEHE)
is a rare category of vascular tumor with uncertain
malignant potential. It commonly presents nonspecific
and variable clinical manifestations, ranging from
asymptomatic to hepatic failure. In addition, laboratory
measurements and imaging features also lack specificity
in the diagnosis of HEHE. The aim of the present
study is to highlight the dilemma and challenges in
the preoperative diagnosis of HEHE, and to enhance
awareness of the range of hepatobiliary surgery
available in patients with multiple hepatic nodular
lesions on imaging. In these patients, HEHE should at
least be considered in the differential diagnosis.
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Core tip: Hepatic epithelioid hemangioendothelioma
(HEHE) is a rare category of vascular tumor with
uncertain malignant potential. In the present study,
by illustrating a case, we aimed to highlight the
dilemma and challenges in the preoperative diagnosis
of HEHE, and to enhance awareness of the range of
hepatobiliary surgery available in patients with multiple
hepatic nodular lesions on imaging. In these patients,
HEHE should at least be considered in the differential
diagnosis.
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TO THE EDITOR
Originating from endothelial cells, hepatic epithelioid
hemangioendothelioma (HEHE) is a rare category of
vascular tumor with uncertain malignant potential, and
some present as slow-growing lesions while others
[1,2]
are rapidly progressive tumors . HEHE was first
[3]
identified by Ishak et al in 1984 and usually presents
as a multi-nodular lesion imitating metastases with
[1,3-5]
low-to-intermediate grade malignancy
. Based
on radiological imaging, HEHE can be classified into
a solitary nodular or diffuse nodular phenotype.
The clinical biological features of HEHE are similar
to those of a benign hemangioma and malignant
[6]
angiosarcoma . HEHE is resistant to chemotherapy
and radiotherapy, thus, complete surgical resection
is performed in patients with early stage monolobar
disease, and liver transplantation is the only curative
treatment in specific patients with diffuse liver
[7-9]
involvement . However, HEHE commonly presents
nonspecific and variable clinical manifestations,
ranging from asymptomatic to portal hypertension,
[10,11]
Budd-Chiari syndrome or hepatic failure
. In
addition, laboratory measurements also lack specificity
in the diagnosis of HEHE, which typically manifests as
[3,12]
a “halo” sign and “capsular retraction” on imaging
.
However, most lesions have nonspecific features. Thus,
the preoperative diagnosis of HEHE is difficult and
most previously published cases were misdiagnosed
as metastatic carcinoma, hepatocellular carcinoma,
cholangiocarcinoma, or other types of vascular lesions
[13,14]
preoperatively
.
We report a patient whose primary diagnosis was
metastatic carcinoma while the final pathological
diagnosis was HEHE. The 40-year-old female patient
was investigated due to persistent right epigastric
pain for more than two months. She had no previous
history of gastrointestinal or immunological diseases
or previous surgical history. Physical examination
was unremarkable. Laboratory tests, including liver
biochemical tests, routine blood examination and
serum tumor markers, were all within the normal
range. Serological testing for hepatitis B and C
were also negative. Abdominal contrast-enhanced
computerized tomography revealed multiple low
density nodular lesions scattered in the liver par
enchyma, involving the right lobe and left medial
segment, with inhomogeneous enhancement (Figure
1). Contrast-enhanced ultrasonography indicated
multiple hypoechoic nodules with peripheral hyper-
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Figure 1 Abdominal contrast-enhanced computerized tomography
findings. Abdominal contrast-enhanced computerized tomography (CT)
revealed multiple low density nodular lesions scattered in the liver parenchyma,
involving the right lobe and left medial segment, with inhomogeneous
enhancement.

Figure 2 Contrast-enhanced ultrasonography findings. Contrast-enhanced
ultrasonography indicated multiple hypoechoic nodules with peripheral hyperenhancement during the arterial phase and hypo-enhancement during the
portal phase.

enhancement during the arterial phase and hypoenhancement during the portal phase (Figure 2).
Thus, an initial diagnosis of metastatic carcinoma was
18
made and F-fluorodeoxyglucose positron emission
18
tomography/computed tomography ( F-FDG PET/CT)
was then performed. The hepatic masses showed low
glycometabolism (Figure 3) and no specific primary
lesion was found, precluding metastases. We then
obtained intraoperative frozen sections and the patient
underwent extended right hemihepatectomy with
complete resection of all lesions under the guidance
of intraoperative ultrasonography. The lesions were
grey-white in color and ranged in size from 0.7 to 5
cm. The results of hematoxylin/eosin staining were
suspicious for a tumor of vascular origin (Figure 4A).
Immunohistochemically, the lesions were positive for
CD34 (Figure 4B), and CD31 (Figure 4C), supporting
the diagnosis of HEHE.
For patients with liver masses, correct preoperative
diagnosis is necessary to guarantee an appropriate
therapeutic approach. Given the rarity and unpredictable
natural of HEHE, it is not possible to make an accurate
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A

B

C

Figure 3 PET-CT findings. PET-CT showed that the hepatic masses had low
glycometabolism.

diagnosis from heterogeneous clinical manifestations
and nonspecific laboratory measurements. Most of
these lesions also lack typical manifestations such as
a “halo” sign and “capsular retraction” on imaging
and present with nonspecific features. Thus, only
histopathological results can guarantee an accurate
diagnosis. In this study, the patient who had multiple
hepatic nodules was examined using preoperative
contrast-enhanced computerized tomography and
contrast-enhanced ultrasonography, which indicated a
diagnosis of metastatic carcinoma. PET-CT was then
performed to detect the primary lesions. Surprisingly,
no primary lesion was identified, and the hepatic lesions
with low glycometabolism did not support the diagnosis
of metastatic carcinoma. Thus, a tumor of vascular
origin was then suspected and after clinical discussion,
an extended right hemihepatectomy was carried out
and the final histological results confirmed the diagnosis
of HEHE.
HEHE has heterogeneous clinical features, non
specific radiological characteristics and a variable
natural history with a highly unpredictable clinical
course. PET-CT may provide more information to help
with the preoperative differential diagnosis; however,
PET-CT is associated with high costs and sometimes
only provides us with a reference and cannot guarantee
an accurate diagnosis. One of the aims of the current
study was to enhance awareness of the range of
hepatobiliary surgery available in patients with mul
tiple nodular lesions on imaging. In these patients,

WJG|www.wjgnet.com

Figure 4 Pathological findings. Pathological investigations identified hepatic
epithelioid hemangioendothelioma: A: Hematoxylin-eosin staining revealed
abnormal hyperplasia of fibrous tissue combined with vessel-like formations,
with scattered neoplastic epithelioid cells; B: Immunohistochemistry showed
that the tumor was positive for CD34; C: Immunohistochemistry showed that
the tumor was positive for CD31.

HEHE should at least be considered in the differential
diagnosis. Multicenter studies based on the analysis
of more practical and economic diagnostic tools are
required to establish better regimens and subsequently
guide the preoperative diagnosis of HEHE. Further
studies focusing on the etiology of HEHE to improve
preoperative diagnosis are also required.
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Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
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Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg

III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

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

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Hepatic encephalopathy: Ever closer to its big bang
Pablo A Souto, Ariel R Marcotegui, Lisandro Orbea, Juan Skerl, Juan Carlos Perazzo
disorder that commonly complicates the course of
patients with liver disease. Despite the fact that the
syndrome was probably first recognized hundreds
of years ago, the exact pathogenesis still remains
unclear. Minimal hepatic encephalopathy (MHE) is
the earliest form of HE and is estimated to affect
more that 75% of patients with liver cirrhosis. It is
characterized by cognitive impairment predominantly
attention, reactiveness and integrative function with
very subtle clinical manifestations. The development
of MHE is associated with worsen in driving skills, daily
activities and the increase of overall mortality. Skeletal
muscle has the ability to shift from ammonia producer
to ammonia detoxifying organ. Due to its large size,
becomes the main ammonia detoxifying organ in
case of chronic liver failure and muscular glutaminesynthase becomes important due to the failing liver
and brain metabolic activity. Gut is the major glutamine
consumer and ammonia producer organ in the body.
Hepatocellular dysfunction due to liver disease, results
in an impaired clearance of ammonium and in its interorgan trafficking. Intestinal bacteria, can also represent
an extra source of ammonia production and in cirrhosis,
small intestinal bacterial overgrowth and symbiosis
can be observed. In the study of HE, to get close to
MHE is to get closer to its big bang; and from here, to
travel less transited roads such as skeletal muscle and
intestine, is to go even closer. The aim of this editorial
is to expose this road for further and deeper work.
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Core tip: This work is a contribution to the current
knowledge of hepatic encephalopathy (HE) and shows
new important data about aspect less studied, as
ammonia effect inducing morphological ultrastructural
damage in skeletal muscle and gut. These alterations
were observed in a Minimal HE model without liver
damage, which suggests that the damage caused by

Abstract
Hepatic encephalopathy (HE) is a neuropsychiatric
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[9]

ammonia . Although, there are others implicated in
HE pathophysiology, such as edema and manganese,
it is not possible, to explain HE without the implication
of hyperammonemia.
This publication is an approach to MHE, providing
in brief some new data that are usually not taken into
account, in an attempt to reveal the initial steps of the
HE pathophysiology. Also it is suggested that research
should be strongly directed to MHE, in order to seek
for still unknown mechanisms.
The diagnosis of MHE is still a challenge, and
some experimental models, such as the portal vein
ligation (PVL), develops two basic characteristics of
CLF in its early stages, mild hyperammonemia and
[10]
MHE , thus being a useful tool for the study of MHE
pathophysiology and how it finally develops HE without
[11]
liver disease .
Despite the difficulties, it is very important the early
diagnose of MHE, because the experimental models of
MHE are teaching that there are significant pathological
changes, which should be take into account at this
stage. We will not discuss here the recognized features
such as Alzheimer type Ⅱ Astrocytes, an important
[12]
morphological feature of HE . This work will take
into account some of the roads less traveled about
MHE, skeletal muscle and intestine, which is the
major consumer of glutamine (GLN) and the major
[13]
ammonia producer . Skeletal muscle becomes the
main mass of tissue able to metabolize ammonia
when liver failure is established and its capacity of
ammonia detoxification is reduced drastically. In this
way, perhaps we could reconsider that MHE is not so
minimal.

ammonia may occur before liver failure.
Souto PA, Marcotegui AR, Orbea L, Skerl J, Perazzo JC.
Hepatic encephalopathy: Ever closer to its big bang. World J
Gastroenterol 2016; 22(42): 9251-9256 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i42/9251.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i42.9251

INTRODUCTION
Hepatic encephalopathy (HE) is a neuropsychiatric
complex syndrome, ranging from subtle behavio
[1]
ral abnormalities to deep coma and death . HE is
potentially reversible and emerges as the major
complication of acute or chronic liver failure (ALF,
[2]
[3]
CLF) . RF Butterworth in his recent review stressed
that brain edema that accompanies ALF is the primarily
cytotoxic phenomena, and moreover, this correlates
with alterations in expression of genes coding for key
[4]
astrocytic proteins .
There are clinical conditions with a greater chance
of developing cerebral edema, such as deep ence
phalopathy, hyperacute (ALF-acetaminophen induced)
liver failure, severe hyperammonemia, younger age
[5]
and infection . A controversial area is to establish
conclusively whether the percentage of deaths could
be attributable to a cerebral edema or to a multiple
organ failure. Clemmensen reported in patients with
ALF a correlation between arterial ammonemia and
brain herniation. Therefore, hyperammonemia in ALF is
a key factor for the understanding the pathophysiology
[3]
of ALF .
On the other hand, situation changes drastically in
CLF. In the first diagnostic stage, patients studied with
conventional clinical assessments could be considered
normal from a neurological view, but its evaluation
with neuro-psychometric tests, flicker, etc., could
possibly staged as a subclinical HE, or “minimal hepatic
[6,7]
encephalopathy” (MHE) .
MHE may be persistent or intermittent (spontaneous
or precipitated for different circumstances), but the
data indicate that between two clinical episodes,
patients do not return to their previous neurological
[8]
status . It becomes necessary to understand HE patho
physiology in early stages, in its big bang, to establish
the mechanism that triggers HE and subsequent
neurological consequences.
As seen in Figure 1, many paths, molecules, and
[1]
biological unbalanced equations are involved . The
first reference of a patient with chronic liver disease,
most likely associated with HE, was documented by
G. Morgagni in 1765. Ammonia stands on the scene
of HE from the very beginning, and is considered the
main culprit. However, no one could give a judgment
without risk of injustice. Thus in CLF, the defendant,
who is supposed to be under trial in this editorial is

WJG|www.wjgnet.com

SKELETAL MUSCLE AND MHE
Sarcopenia is a common feature of cirrhosis, and the
loss of muscle mass and function contributes to its
morbidity and mortality. Its prevalence in patients with
cirrhosis is estimated to be 40%-70%, well correlated
[14,15]
with HE
.
The skeletal muscle damage in cirrhosis is under
estimated by physicians although its prevalence is
higher than other gastrointestinal complications.
Perhaps the poorly understanding of its pathogenesis,
the not so well established diagnostic criteria and that
none of the proposed treatment options have been
well explored in randomized clinical trials, helps to this
clinical conduct.
Patients with chronic liver disease (CLD) conco
mitantly decrease the capability of detoxification of
ammonia to urea, shifts ammonia metabolic pathway
to the muscular system, to the astrocyte in the central
nervous system (CNS) and to the kidney. In the case of
liver failure, the first two tissues turn into main organs
in detoxifying ammonia. Skeletal muscle tissue, due to
its large size, becomes the main ammonia detoxifying
[16]
organ . In hypoproteic diet which is a very common
procedure in treating patients with liver failure, muscular
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Figure 1 Hyperammonemia consequences (Modified from Bosoi 2009).

glutamine-synthase becomes an important enzyme
in this metabolism, although a normal proteic diet
may be metabolically more adequate and can be
[17]
safely administered to the cirrhotic patient . But
hypoproteic diet may decrease the muscular mass and
therefore the ammonia detoxifying ability, therefore
could be a controversial procedure in patients with
liver disease and established hyperammonemia and
MHE. On the other side, recently, diet supplementation
with branched chain amino acids shown to decrease
[18]
MHE and to increase muscle mass . This should be
balanced because the astrocytic enzyme glutamate
synthetase (GS) works at the limit of its possibilities to
metabolize ammonia.
Sarcopenia becomes in a very useful tool and in
the Model for End-Stage Liver Disease (MELD) should
include this new item as a way to assess the nutritional
and functional status of cirrhotic patients. Montano[19]
Loza et al
used for skeletal muscle evaluation com
puted tomography and they conclude that sarcopenia
is associated with improved prediction of mortality in
patients with cirrhosis, primarily in patients with low
MELD scores. In hospitalized cirrhotic patients there is
[20]
a correlation between protein malnutrition and sepsis .
[19]
Montano-Loza et al sustain that the muscle mass
and malnutrition is not taken into account in MELD and
Child-Pugh scores. So, there is no possibilities to reflect
these important features in prognosis of mortality
parameters, risks associated with low muscle mass.
So it could be regarded that sarcopenia and cirrhosis
has a very related pathogenesis so that simple dietary
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interventions are insufficient. Efforts should focus on
improved understanding of the multiple mechanisms
triggered in chronic liver disease, the overlap of the
different pathogenesis involved, to arrive to the
development of more effective therapies. Sarcopenia
[21]
is present in almost one third of patients with HCC ,
and constitutes a strong and independent risk factor for
mortality. Our results highlight the importance of body
composition assessment in clinical practice.
Myostatin is a potent autocrine growth inhibitor
produced by myocytes that inhibits skeletal muscle
growth and reduces muscle mass in cirrhosis. Qiu
[22]
et al
showed that exposure of mouse skeletal
muscle myotubes in culture to ammonium acetate
caused a time and concentration-dependent increase in
myostatin mRNA and protein expression. They found
that hyperammonemia-activated transcription factor
p65 NF-κB who binds to the myostatin promoter with
transcriptional up regulation. They also found that
myotube diameter was significantly greater in the NFκB knockdown cells compared with the control cells,
further supporting their proposal that NF-κB regulates
myostatin expression during hyperammonemia. Their
observations show that hyperammonemia induces
myostatin expression in myotubes via an NF-κB[16,22,23]
dependent pathway
.
In our laboratory some new data was registered. PVL
rats showed skeletal muscle structural/ultrastructural
and functional changes (unpublished data). It has been
suggested that ammonia uptake is increased in CLD and
that the subsequent increase in GS capacity is a major
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hyperammonemia alone could trigger the damage in
skeletal muscle, somehow independent of liver damage
(Figure 2).

GUT AND MHE
Is gut involved in MHE pathophysiology?

Gut is the major GLN consumer and ammonia producer
organ in the body. Ammonia generation derives
from the consumption of GLN and glutamate as the
most important oxidative fuel for enterocytes and
[26]
colonocytes . In Gut epithelial cells, these aminoacids
have several roles, i.e., represents substrates for
[27]
[28]
another amino acids synthesis , oxidative fuel ,
[29]
nucleotide and nucleic acid synthesis , glutathione
[30]
+
production , amino sugars, NAD , N-acetylglucosamine
[31]
and N-acetylgalactosamine synthesis, etc . GLN
administration in patients with different diseases,
improved gut function and reduce bacterial transloca
[32,33]
tion, reestablishing normal epithelial permeability
.
Hepatocellular dysfunction due to liver disease,
results in an impaired clearance of ammonium and
[34,35]
. Besides acute or
in its inter-organ trafficking
chronic liver failure, specific genetic disorders are also
characterized by hyperammonemia accompanied
by liver and brain disorders with different degrees
of severity. Intestinal bacteria, also can represent
and extra source of ammonia production. The most
relevant bacteria are those with urease enzyme such
as enterobacteriaceae. In cirrhosis, small intestinal
[36]
[37,38]
bacterial overgrowth (SIBO)
and dysbiosis
can
be observed. This modification in gut microbiota is
produced for various circumstances. First, gut motility
is reduced, and acid gastric secretion in stomach is
reduced as a consequence of gastric enteropathy,
[39]
both phenomena influence SIBO . Moreover, an
impairment in bile acids production and secretion
[37]
by the damaged liver was demonstrated . The
amount and the profile modification of bile acids
are due a reduction in secondary fecal bile acids, a
bacteriostatic compound. Another factor involve on
SIBO development in cirrhosis, is the alteration in local
immunological system, mediated by a low cellular and
[39]
humoral components of gut immune system . SIBO
generates an increase in ammonia gut production,
generating an active role of gut in the predisposition in
HE development.
In addition of ammonia generation, luminal bacteria
can generate other substances such as phenols,
mercaptans, benzodiazepine-like compounds and
short and medium chain fatty acids, also implicated
[40]
in pathogenesis of HE
exerting a synergic effect on
CNS alteration, by modulating the synaptic processes.
For example, the neurosteroid allopregnenolone is
elevated in patients with HE. This steroid can enhance
the effects of GABA on its specific receptors (mainly in
[41]
GABA-A), increasing it neurodepressive function . On
the other hand, endogenous benzodiazepines produced

0.5 μm

Figure 2 Portal vein ligation rat SM. MET, × 15000, showing bands like
Z with reinforced shortened and with ruptures. Vacuoles are enlarged and
merged. Triad with pathological changes; mitochondrial damage, including loss
of matrix density, loss of crests, swollen, fusion and breaking of the membrane
in the cytosol and myofibrillogenesis. Collagen is seen in the upper right corner
(unpublished data).
[24]

alternative pathway for ammonia detoxification .
[25]
Desjardins et al demonstrated in a porto-cava anasto
mosis model that GS activity was significantly increased
as a result of a post-translational modification of the
enzyme.
Our results in both, basic biochemical parameters
in liver and skeletal muscle conventional microscopy
observation, showed no differences when compared
with the control group.
Despite these disappointing results, the fact is
that the loss of skeletal muscle is nearly universal in
cirrhosis and that adversely affects survival, inducing
the development of other complications, and that
negatively affects outcome after liver transplantation,
decreasing quality of life. However, a reduction in
skeletal muscle protein synthesis alone is not sufficient
to account for continued reduction in muscle mass in
cirrhosis, and an increase in proteolysis is necessary.
On the other side cirrhosis is a state of accelerated
starvation and the enhanced muscle metabolism may
serve as a source of essential amino acids for critical
cellular function.

When does skeletal muscle damage start?

There is not a complete answer, but to date the loss
of skeletal muscle is associated with advanced stages
cirrhotic.
The high-resolution optical microscopy (HROM) and
transmission electron microscopy in the MHE showed
surprising results. The skeletal muscle Triad showed
in the dark cell, extensive convergent structure
resembling the streets on a map. These membrane
systems increased by altering the fibrillar surface
structure generating a serious focal damage (Figure 2).
Immunohistochemistry (PCNA, TUNEL, GS), ROS and
mitochondrial respiration measure, supports the HROM
and MET findings.
These results disaggregate the fact that it may
not be absolutely necessary a damaged liver, perhaps
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by intestinal bacteria, can augment the opening time
of GABA-A receptor after its interaction. The levels of
this benzodiazepine like compounds are also elevated
in blood of HE patients, exerting a potentiation effect
[42-44]
with neurosteroids named before
.
When gut was evaluated in the PVL distal ileum
showed impaired contractile response to acetylcholine
and potassium chloride, and reduced expression of
proteins markers of occlusive and adherents junctions,
such as Zonulin 1 and B catenine, respectively. Also,
a reduction in number of cells related with mucosal
immune system was observed and altered L-Citrulline
was recorded (data not published). All these findings
suggest an active role of gut in the development of
MHE in a PVL model.

6

7
8

9

CONCLUSION
This review tries to approach the early stages of
the MHE, where even though there are no clinical
manifestations, there is evidence of morphological
ultrastructural alterations that are present even in
the absence of hepatic failure. From this it can be
hypothesized that it might not be necessary to have
a clinically assessed liver damage to trigger skeletal
muscle pathology and maybe it can be started by
hyperammonemic condition by itself.
Regarding the gastrointestinal tract, an increase
in gut epithelial permeability, alteration in motility and
immunological local status were described, generating a
predisposition for future complications. Concomitantly,
an inespecific inflammatory infiltration is considered
guilty of many of the gut impairments of this pathology,
followed by mucosal atrophy, edema of lamina propia,
fibromuscular proliferation and thickened muscularis
mucosa.
In the study of HE, to get close to MHE is to get
closer to its big bang; and from here, to travel less
transited roads such as skeletal muscle and intestine,
is to go even closer. The aim of this review is to expose
these roads for further and deeper work.
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FRONTIER

Factoring the intestinal microbiome into the pathogenesis
of autoimmune hepatitis
Albert J Czaja

Abstract

Albert J Czaja, Division of Gastroenterology and Hepatology,
Mayo Clinic College of Medicine, Rochester, MN 55905, United
States

The intestinal microbiome is a reservoir of microbial
antigens and activated immune cells. The aims of
this review were to describe the role of the intestinal
microbiome in generating innate and adaptive immune
responses, indicate how these responses contribute
to the development of systemic immune-mediated
diseases, and encourage investigations that improve
the understanding and management of autoimmune
hepatitis. Alterations in the composition of the intestinal
microflora (dysbiosis) can disrupt intestinal and
systemic immune tolerances for commensal bacteria.
Toll-like receptors within the intestine can recognize
microbe-associated molecular patterns and shape
subsets of T helper lymphocytes that may cross-react
with host antigens (molecular mimicry). Activated gutderived lymphocytes can migrate to lymph nodes,
and gut-derived microbial antigens can translocate to
extra-intestinal sites. Inflammasomes can form within
hepatocytes and hepatic stellate cells, and they can
drive the pro-inflammatory, immune-mediated, and
fibrotic responses. Diet, designer probiotics, vitamin
supplements, re-colonization methods, antibiotics,
drugs that decrease intestinal permeability, and
molecular interventions that block signaling pathways
may emerge as adjunctive regimens that complement
conventional immunosuppressive management. In
conclusion, investigations of the intestinal microbiome
are warranted in autoimmune hepatitis and promise to
clarify pathogenic mechanisms and suggest alternative
management strategies.
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Core tip: The intestinal microbiome is a reservoir of
microbial antigens and activated immune cells that have
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been implicated in the pathogenesis of diverse systemic
immune-mediated diseases. Dysbiosis, increased
intestinal permeability, and molecular mimicry between
microbial and self-antigens may initiate or sustain
autoimmune hepatitis. Multiple drug, molecular, dietary,
and probiotic interventions can modify the intestinal
microbiome and attenuate the immune response.
The role of the intestinal microbiome in autoimmune
hepatitis warrants rigorous study, and new therapies
may emerge that strengthen current treatment regimens.
Czaja AJ. Factoring the intestinal microbiome into the
pathogenesis of autoimmune hepatitis. World J Gastroenterol
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INTRODUCTION
Autoimmune hepatitis is a chronic immune-mediated
[1,2]
inflammatory liver disease of uncertain cause
.
Population-based epidemiological studies have indicated
that it is a rare chronic liver disease with an annual
incidence of 0.67-1.9 cases per 100000 persons
and a point prevalence of 4-42.9 cases per 100000
[3-8]
persons . Prevalence varies widely by geographical
[4]
region (Singapore, 4 per 100000 ; Sweden, 10.7 per
[9]
[8]
100000 ; southern Israel, 11 per 100000 ; Spain, 11.6
[6]
[3]
per 100000 ; Norway, 16.9 per 100000 ; Netherlands,
[10]
[11]
18.3 per 100000 ; Denmark, 23.9 per 100000 ;
[7]
New Zealand, 24.5 per 100000 ; and Alaska, 42.9 per
[5]
100000 ), and the incidence has been increasing in
[11]
[10]
Denmark
and the Netherlands . Rigorous epide
miological studies have not been performed in the
adult population of the United States, but studies
in the children of Utah have indicated an overall
incidence of 0.4 cases per 100000 and a prevalence
[12]
of 3 cases per 100000 . The wide variability in the
annual incidence and point prevalence of autoimmune
hepatitis in different geographical regions and ethnic
groups suggests that genetic and environmental factors
[2,13,14]
contribute to its occurrence
.
[15-17]
[18-22]
Genetic factors within
and outside
the
major histocompatibility complex (MHC) have been
implicated as susceptibility factors for autoimmune
hepatitis. Cytochrome P450 2D6 (CYP2D6) and formi
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minotransferase cylcodeaminase have been proposed
[23-25]
as key antigenic targets in some patients
, and
homologies between peptide sequences in CYP2D6 and
hepatitis C virus (HCV), herpes simplex virus (HSV),
and cytomegalovirus (CMV) have suggested that
molecular mimicry between foreign and self-antigens
[2,23,26-28]
initiates and sustains the disease
.
The principal target antigen in most white North
American and northern European adults with auto
immune hepatitis is unknown, and as yet unrecognized
self-antigens or foreign antigens that resemble selfantigens may trigger the disease or increase suscep
tibility to it, possibly by skewing components of the
innate and adaptive immune responses toward a pro[2,29]
inflammatory, autoreactive profile
. The commensal
bacteria of the intestine and their metabolic byproducts constitute a reservoir of foreign antigens
that can interact with mucosal immune cells and
[30-34]
influence systemic immune responses
. The
human microbiome has already been implicated in the
occurrence of multiple systemic immune-mediated
[35-37]
diseases, including type 1 diabetes
, rheumatoid
[38-41]
[42]
arthritis
, multiple sclerosis , and inflammatory
[43-45]
bowel disease
, and its role in the inflammatory
[46-48]
liver diseases is also being scrutinized
.
Non-alcoholic steatohepatitis (NASH) may progress
because of an influx of microbial products in the portal
circulation, activation of toll-like receptors (TLRs) 4
and 9, and subsequent release of pro-inflammatory
cytokines, including tumor necrosis factor-alfa (TNF-α)
[49-51]
and interleukin (IL)-1β
. Primary sclerosing cho
langitis (PSC) expresses high levels of TLR4 and TRL9
in biliary epithelial cells (BEC), produces IL-1β, IL-8,
and interferon (IFN)-γ in response to lipopolysaccharide
(LPS), and commonly manifests atypical perinuclear
[52-54]
anti-neutrophil cytoplasmic antibodies (pANCA)
.
These antibodies are directed against β-tubulin which
cross-reacts with an antigen (FtsZ) present in all
[53]
intestinal bacteria . Germ-free mice develop histo
logically more severe PSC than conventionally housed
animals, and these findings suggest that commensal
[55]
bacteria have a protective role against PSC .
Similarly, primary biliary cholangitis (PBC) expresses
TLR4 in BEC and periportal hepatocytes, produces proinflammatory cytokines (IL-1β, IL-6, IL-8, and TNF-α)
in response to intestinal bacterial components [LPS,
flagellin, and cytosine-phosphorothioate-guanine
oligonucleotide (CpG)], manifests BEC-destructive
LPS-stimulated natural killer cells, and produces
antimitochondrial antibodies that target an antigen
(pyruvate dehydrogenase complex-E2) which shares
sequence homologies with intestinal Escherichia
[56-62]
coli
.
Autoimmune hepatitis may also be influenced by
the intestinal microbiome. Concurrent features of
PBC or PSC occur in 7%-18% of patients (“overlap
[63,64]
syndromes”)
; atypical pANCA are present in
49%-92% of individuals with autoimmune hepa
[65-68]
titis
; and alterations in the composition of the
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intestinal microbiota (dysbiosis) have been found in
[69]
experimental autoimmune hepatitis . The structural
proteins binding intestinal epithelial cells (zona
occludens 1 and occludin) are reduced in patients
with autoimmune hepatitis compared to healthy
volunteers; plasma LPS levels are increased; and the
numbers of intestinal anaerobes (Bifidobacterium
[70]
and Lactobacillus) are decreased . These findings
support the concept that autoimmune hepatitis is
associated with dysbiosis, increased permeability of
the gastrointestinal mucosal barrier, and translocation
of gut-derived microbial products into the systemic
circulation.
The goals of this review are to describe the role
of the intestinal microbiome in generating innate
and adaptive immune responses, indicate how these
responses may contribute to the development or
maintenance of systemic autoimmune responses, and
encourage investigations in autoimmune hepatitis that
might improve understanding of its pathogenesis and
results of its management.

LITERATURE SEARCH
Abstracts cited in PubMed were identified using the
search words “intestinal microbiome”, “intestinal
microbiome and autoimmunity”, and “intestinal
microbiome and autoimmune hepatitis”. Key aspects
of the abstracts judged pertinent to the review were
noted, and full-length articles were selected from the
abstracts. A secondary bibliography was developed
from the references cited in the selected full-length
articles, and additional PubMed searches were
performed to expand the concepts developed in these
articles. The discovery process involving abstract
review and the acquisition of full-length articles was
repeated, and a tertiary bibliography was developed
after reviewing these selected articles. The number of
abstracts cited by PubMed and reviewed for pertinence
to this topic during the primary, secondary and tertiary
searches exceeded 3800. Those judged most pertinent
to the topic exceeded 200, and the number of fulllength articles reviewed was 66.

INTESTINAL MICROBIOME AND IMMUNE
RESPONSES
The human intestinal tract contains 10-11 trillion
[47,71-76]
bacteria comprising 500-1500 different species
.
Actinobacteria, Firmicutes, Proteobacteria, and Bac
[77-79]
teroidetes are the four phyla that predominate
,
and a phylogenetic core of microbial species has been
defined that is composed of 66 Operational Taxonomic
[80]
Units (OTUs) present in most individuals . Luminal
microbiota have greater diversity, and they are more
[81]
tightly clustered than mucosal microbiota . Firmicutes
and Actinobacteria are more abundant in the luminal
populations, and Proteobacteria are more abundant in
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[81]

the mucosal populations .
The composition of the microbiome is influenced by
diverse environmental factors, including community
sanitation levels and vaccination programs, and by
host-related variables, including method of obstetrical
delivery, age, genetic predisposition, dietary habits,
personal hygiene, and antibiotic exposures. Changes
in the intestinal microbiome tend to be slow from
late childhood through adulthood with marked chan
[74,82-85]
ges occurring mainly with advanced age
. The
microbiome becomes less diverse and more variable
over short intervals with aging, and the species of
Bacteroides, Clostridium and Escherichia coli constitute
a greater proportion of the microflora in individuals
[82-84]
aged ≥ 65 years
.
The intestinal microbiome varies in diverse ethnic
[75,86-89]
groups
, and this diversity may reflect genetic
factors, demographic issues (age, gender, socioe
conomic status), lifestyle features (alcohol use,
[90-92]
smoking, adiposity), and long-term diet
. Disparities
in the intestinal microbiota have been recognized
between ethnic groups in the same country (rural
[88,89,93,94]
versus urbanized)
and between countries (Africa
[87,88,91]
versus Europe, cross-Europe, and cross-Asia)
,
and socioeconomic variations at individual and neighbor
hood levels have been associated with many of these
[88,95]
differences
. The nature of the long-term diet may
be the critical element affected by the socioeconomic
[95]
status .
Amongst the diversity within the intestinal micro
biota, common functional and phylogenetic elements
[89,96-99]
have also been described
. These common
elements may be indispensable for the well-being
of the individual as they can produce short-chain
fatty acids, synthesize vitamins, and aid in digestion,
[89]
metabolism and immune defense . The functional
and phylogenetic core components have been shared
across heterogeneous healthy human populations, and
[89]
they tend to co-exist .
The intestinal microbiome is essential for develop
ment of the intestinal immune responses which in turn
[41,100,101]
maintain tolerance of the microflora
. Germ-free
+
mice have fewer CD4 T lymphocytes in the lamina
propria of the intestine, hypoplastic Peyer’s patches,
less immunoglobulin A production, and disorganized
zones of T and B lymphocytes in the spleen and
[102,103]
lymph nodes compared to wild-type mice
. These
immune deficiencies are corrected by the introduction
[104]
of Bacteroides fragilis
. Colonization also induces
the production by IL-10-secreting, regulatory T cells
(Tregs), possibly in response to the secretion of
polysaccharide A by the bacteria and direct activation
+
[105-108]
of TLR2 on the Foxp3 Tregs
. The introduction of
[109,110]
Clostridium species induces similar changes
.
Emerging evidence suggests that the intestinal
microbiome can influence systemic immune responses
[34,47,48]
by activating TLRs
and promoting the formation
[51,111-113]
of inflammasomes within the liver
(Figure
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2). Changes in the composition of the intestinal
microbiome induced by antibiotics, genetic factors, or
the disease (dysbiosis) may sustain or enhance the
innate and adaptive immune responses by overcoming
or circumventing normal tolerogenic responses to the
[32,114-116]
commensal bacteria
. Bacterial components
may act as antigens that stimulate the systemic
[30,31,34,47,48]
immune response
or that prime immune cells
within the intestine that subsequently access peripheral
[39,117,118]
lymphoid tissue
. Molecular mimicry between
microbial and host-derived antigens and promiscuous
targeting by antigen-sensitized lymphocytes may
then initiate or strengthen the autoreactive response
[33,57,115]
in genetically-predisposed individuals
. Investi
gations in cell cultures, animal models, and patients
with diverse systemic immune-mediated diseases
have justified these hypotheses and warranted their
[46-48]
consideration in autoimmune hepatitis
.

KEY REQUIREMENTS FOR A
MICROBIOME-DERIVED SYSTEMIC
IMMUNE RESPONSE
Activation of TLRs

TLRs are the key receptors within the intestine that
recognize microbe-associated molecular patterns,
pathogen-associated molecular patterns, and damage[34,47,48,119,120]
associated molecular patterns
(Table 1).
They are instrumental in generating an innate immune
response to pathogens and cellular distress signals, and
they can shape subsets of T helper (Th) lymphocytes
that recognize microbial components and have the
[41,121,122]
potential to cross-react with host antigens
.
[123]
Ten TLRs have been described in humans
, and
each responds preferentially to specific ligands which
may be viral and bacterial proteins or endogenous
[34,120]
ligands in the absence of infection
. All stimulated
TLRs except TLR3 activate a signaling pathway that
is dependent on the myeloid differentiation factor 88
[124,125]
(MyD88)
. Signaling through the MyD88 pathway
in turn activates nuclear factor-kappa B (NF-κB)
and promotes the transcription of pro-inflammatory
[123,125,126]
cytokines (TNF-α, IL-1β, and IL-6)
.
TLRs can also influence the adaptive immune
[41]
response
(Figure 2). TLRs expressed by dendritic
cells and macrophages can upregulate class II
molecules of the MHC and enhance antigen presen
+
[127]
tation to CD4 helper T lymphocytes
(Table 1).
TLRs can also increase the expression of the costimulatory molecules, CD80, CD86 and CD40, on
the antigen presenting cells and thereby favor T
[41,127]
lymphocyte activation and differentiation
. Kupffer
[128]
cells express all TLRs except TLR5
, and they are
the primary cells within the liver that respond to
TLR ligands. The production of pro-inflammatory
cytokines, chemokines, and reactive oxygen species
[129]
by the Kupffer cells promotes liver inflammation
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Figure 2 Interactions between the intestinal microbiome and the liver. Dysbiosis can generate microbe-associated molecular patterns (MAMPs) that activate
toll-like receptors (TRLs) in the intestine. Activated TLRs can stimulate the transcription factor, nuclear factor-kappa B (NF-κB), in macrophages and generate proinflammatory cytokines. They can also increase the expression of the major histocompatibility complex on antigen presenting cells (APCs) and sensitize CD4
lymphocytes to bacterial ligands. The activated lymphocytes can proliferate as T helper (Th) 1, Th2, and Th17 cells. The dysbiosis can also generate short chain fatty
acids, endotoxin, lipopolysaccharide (LPS), and bacterial components that can serve as antigenic ligands. Tight junctions within the intestinal mucosa may weaken
with the dysbiosis and allow paracellular translocation of lymphocytes, bacterial ligands and endotoxin. These gut-derived elements can then enter the portal vein and
be delivered to the liver. The bacterial ligands within the liver can activate TLRs within hepatocytes, hepatic stellate cells, Kupffer cells, and sinusoidal epithelial cells
and generate pro-inflammatory cytokines and reactive oxygen species (ROS) that can produce damage-associated molecular patterns (DAMPs) that activate TLRs
in a self-amplification loop (upper right corner blow-up). The hepatic TLRs can also contribute to the sensitization of CD4 lymphocytes to bacterial ligands and selfantigens that resemble bacterial ligands (molecular mimicry). Concurrently, the bacterial ligands and gut-derived endotoxin can activate the non-obese diabetes-like
receptor (NLR) of inflammasomes within hepatocytes and hepatic stellate cells (upper left corner blow-up). The release of caspase 1 can generate interleukin (IL) 1β
and IL-18 and promote tissue injury and the immune response. The net effect is to increase hepatic inflammation and liver damage and predispose to autoimmunity
and hepatic fibrosis.
[41,127]

and the innate and adaptive immune responses
.
Hepatocytes, BEC, hepatic stellate cells (HSCs), and
sinusoidal epithelial cells also express TLRs, but only
[48,130]
HSCs express TLR1 through TLR9
.
The cytokine profile shapes the subsets of T
lymphocytes that constitute the immune-mediated
response, and it is influenced by the particular TLRs
that are activated by ligands within the microen
vironment (Table 1). Activation of TLR4 and TLR9
promotes the release of IL-12 and favors a type 1
[131]
cytokine pathway that is pro-inflammatory
. TLR4
also induces the secretion of IL-23 and promotes the
expansion and survival of pro-inflammatory Th 17
[132]
lymphocytes . In contrast, activation of TLR2 favors
the production of IL-10 and IL-13 which promotes an
[133]
anti-inflammatory type 2 cytokine response
.
LPS from gram-negative bacteria is the principal
[123,134]
ligand activating TLR4
, and un-methylated CpG
sequences in bacterial and viral genomes activate
[135]
TLR9
(Table 1). The viral proteins of HCV, CMV
[34,136,137]
and HSV are key ligands that activate TLR2
.
+
TLR2, TLR5, TLR7, and TLR8 are expressed by CD4
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T lymphocytes, and ligands that activate these TLRs
[136]
[138]
(viral proteins
, flagellin
, and single-stranded
[139]
ribonucleic acid
) can directly activate memory
[140]
lymphocytes and stimulate their proliferation
.
Naturally occurring Tregs express TLR2, TLR5 and
TLR8, and they can also be activated directly by viral
[141]
and bacterial components
. TLRs can also block
the suppressive effect of Tregs by the recognition of
[142]
microbial products that induce secretion of IL-6
.
Pathogen-specific adaptive immune responses can be
favored, and defense mechanisms can be strengthened.
Microbial elements can thereby modulate the innate
and adaptive immune responses through the TLRs and
affect immune homeostasis indirectly by modulating
the cytokine profile or directly by affecting immune cell
proliferation.
TLR4 is a crucial signaling pathway by which HSCs
[46]
increase the extracellular matrix
(Table 1). The
production of chemokines and adhesion molecules
[46]
is mediated by activated TLR4 in HSCs , and the
chemo-attraction of inflammatory and immune cells
[143]
to the liver stimulates the fibrotic process
. TLR4
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Table 1 Key Requirements for gut-derived systemic immune response
Key requirement
Activation of TLRs

Stimulation of
inflammasomes

Features

Mechanisms

Intestinal receptors responsive to MAMPs and DAMPS[34,47,48,120]
Signaling dependent on MyD88[124,125]
Activates NF-κB[123,125,126]
Favors T lymphocyte activation[41]
Modulates actions of Tregs[141,142]
Present in hepatocytes, HSCs, Kupffer cells, sinusoidal epithelial cells, BEC[48]

Increases pro-inflammatory cytokines[126]
Upregulates class II MHC[127]
Increases co-stimulatory molecules[41,127]
Promotes pathogen-specific responses[142]
LPS activates TLR4[123,134]
Sequences in bacteria activate TLR9[135]
TLR4 in HSCs promote fibrosis[46,144]
Implicated in other liver diseases[58,148]
Upregulated in hepatocytes by LPS[113]
Activates pro-caspase 1[156]
Promotes hepatic fibrosis[50]
Shapes innate and adaptive immunity[112,160]
Implicated in NAFLD[51]
Activation separate from TLRs[112,155]
Can activate TLRs and NLRs[116,173]
Genetic factors may affect composition[177]
Gender-related compositional differences[179]
May affect gender-related autoimmunity[180]
Present in AIH and experimental NASH[47,69]
pANCA react with bacterial antigen[53]
AMA cross-reacts with Escherichia coli[56,57]
Increasingly distant homologues targeted[187]

Protein complexes that release pro-inflammatory IL-1β and IL-18[111-113]
NLRs sense microbial products[156]
Upregulated in Kupffer cells, hepatocytes, and sinusoidal epithelial cells[113]
Activation by highly diverse ligands[112]

Emergence of dysbiosis

Molecular mimicry

Breech of intestinal
mucosal barrier

Microflora differ from commensals[116]
Dysbiosis varies in specific diseases[116]
Less bacterial diversity common[170]
Antibiotics most frequent basis[165,175]
Uncertain cause or effect of disease[116]
Microbial and self-homologies[33,185]
Cross-reacting antibodies[53,57,184]
Promiscuous activity of effectors[186]
Epitope spread[187]
Gut-derived products enter system[195]
Translocation prime basis[46,195]
Active transport also possible[230]

Gut-derived lymphocytes in lymph nodes[118]
Microbial components in peripheral blood[195]
Activates TLRs and NLRs[123,130]
Implicated in NASH and diabetes[197,198]

AMA: Antimitochondrial antibodies; BEC: Biliary epithelial cells; DAMPS: Damage-associated molecular patterns; HSCs: Hepatic stellate cells; IL:
Interleukin; LPS: Lipopolysaccharide; MAMPs: Microbe-associated molecular patterns; MHC: Major histocompatibility complex; MyD88: Myeloid
differentiation factor 88; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; NF-κB: Nuclear factor kappa B; NLRs: Nonobese diabetes-like receptors; pANCA: Atypical perinuclear anti-neutrophil cytoplasm antibodies; TLRs: Toll-like receptors; Tregs: Regulatory T cells.
Superscripted numbers in brackets are references.

signaling also promotes activation of transforming
growth factor-beta (TGF-β) by down-regulating pro
duction of an endogenous inhibitor of the TGF-β
[144]
receptor . Furthermore, TLR4 signaling may downregulate microRNA molecules that suppress the
[46,145]
transcription of collagen
. A polymorphism of the
TLR4 gene may impair the response of TLR4 to LPS.
The LPS-induced signaling pathway that activates NFκB may thereby be disrupted and the production of
the pro-inflammatory cytokines, TNF-α and interferon[146]
beta, may be reduced
. In this fashion, a genetic
variation may affect the response of TLR4 to microbial
ligands and the propensity for progressive hepatic
fibrosis.
The signaling pathway involving TLR4, MyD88,
and NF-κB has been implicated in the progression of
[54,58,144,147,148]
multiple liver diseases
. Concentrations of
gut-derived endotoxins have been increased in animal
[149,150]
models of hepatic fibrosis
and in the systemic
[151,152]
and portal circulation of patients with cirrhosis
.
Other TLRs may respond to different microbial ligands
and influence the subsets of lymphocytes that orchest
rate the autoreactive response. TLR signaling pathways
have not been evaluated in autoimmune hepatitis.

within the cytoplasm of diverse cells, including ma
crophages, hepatocytes, and HSCs, in response
to stimuli associated with cellular stress, damage
[112,153,154]
or infection
(Table 1). By releasing proinflammatory cytokines IL-1β and IL-18, they drive the
inflammatory response to tissue injury and influence
[111,113]
cell death, inflammatory activity, and fibrosis
(Figure 2). TLRs and inflammasomes have separate
[112,155]
routes of activation
, but cooperation between
them is pivotal in promoting communication between
the intestinal microbiota and the systemic immune
[34]
response . Factors that increase the expression of
inflammasomes, such as saturated fatty acids and
bacterial endotoxin, may increase activation of TLR4
[50]
and promote hepatic fibrosis .
Inflammasomes consist of a sensor protein that
is within the family of non-obese diabetes (NOD)-like
receptors (NLRs), an adaptor molecule (apoptosisassociated speck-like CARD-domain containing
[156]
protein), and pro-caspase 1
(Table 1). The infla
[157]
mmasomes can sense microbial products
and
[112]
[158,159]
metabolic stress
, activate pro-caspase 1
,
[153]
trigger the release of pro-inflammatory cytokines
,
[112]
and shape the innate
and adaptive immune res
[160]
ponses . The expression of NLRP3 is upregulated in
hepatocytes after stimulation with LPS, and Kupffer
cells and sinusoidal epithelial cells also express high

Stimulation of inflammasomes

Inflammasomes are protein complexes that form
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[113]

[176,177]

levels of NLRP1 and NLRP3 .
The structural diversity of the ligands that activate
NLRP3 is greater than the structural motifs that
activate the TLRs, and the inflammasomes may be
responsive to a broader range of activation signals
[161]
than the TLRs
(Table 1). Together the TLRs and
NLRs provide receptors for signaling pathways that
can respond to diverse endogenous and exogenous
danger signals, including microbial components, and
they each can generate pro-inflammatory responses
that sustain and enhance the innate and adaptive
immune responses to liver injury. TLRs may also have
[34]
a counter-regulatory effect on the inflammasomes .
Chronic stimulation of the TLRs by LPS induces the
production of IL-10 and reduces the activation of
[162]
NLRP3
. Furthermore, activation of TLR2 or TLR4
can increase the autophagy of hepatocytes, the
degradation of NLRP3, and the suppression of IL-1β
[163]
production . Inflammasomes have not been charac
terized in autoimmune hepatitis, and their interactions
with TLRs have not been defined in this disease.

intestinal microbiome
, and immune-mediated
diseases with genetic predispositions have manifested
[30,47,116]
dysbiosis
. Importantly, the contribution of the
8.1 ancestral haplotype, which includes the DRB1
alleles commonly associated with systemic auto
immune diseases including autoimmune hepatitis, is
[178]
probably small
, and dysbiosis rather than genetic
factors has been implicated in the occurrence of
[51]
experimental NASH .
The composition of the intestinal microflora may also
[179-181]
influence the gender bias for autoimmune disease
(Table 1). Colonization by commensal microbes early
in the life of NOD mice raises serum testosterone
levels and protects male mice from developing type
[179]
1 diabetes
. Furthermore, the transfer of the
intestinal microbiota from mature male NOD mice
to immature female NOD mice alters the intestinal
microbiome of the females and protects them from
[179]
developing diabetes
. Blockade of the androgen
receptor attenuates the microbiome-specific changes
in the female mice and supports the concept that the
commensal bacteria of the intestine can affect the
propensity for autoimmune disease in geneticallysusceptible animals by altering sex hormone levels or
[179]
receptor sensitivities .
Gender may also influence the composition of
the intestinal microbiota and in turn the propensity
[180]
to develop autoimmune disease
(Table 1). The
intestinal microbiota differ in male and female NOD
mice, and this difference disappears after male
castration. Furthermore, the greater frequency of
female NOD mice to develop type 1 diabetes compared
[180]
to male NOD mice is lost in germ-free animals
.
These findings suggest that the intestinal microbiome
[179]
can influence sex hormone levels
and also be
[180]
influenced by them , possibly in a self-amplification
loop.
The increased female propensity for autoimmune
disease may relate to estrogenic effects that modu
late the autoreactive response directly by affecting
the pro- and anti-inflammatory cytokine pathways of
[182]
lymphocyte differentiation
and indirectly by altering
the intestinal microbiome to favor the translocation of
[180]
sensitizing microbial antigens . Imbalances between
blood estrogen and progesterone levels have affected
the immune response during and immediately after
[182]
pregnancy
, and the treatment of peripheral blood
mononuclear cells with 17-β estradiol has increased
their response to immunogens and the expression
[183]
of TLR8
. The relationship between sex hormone
levels and the intestinal microbiome during pregnancy,
menses, and menopause remains uncertain and
important to clarify.
Multiple factors can promote dysbiosis, and a patho
genic or circumstantial relationship with autoimmune
disease has not been established. Nevertheless, the
association of dysbiosis with diverse systemic immune-

Emergence of immunogenic intestinal microbiota
(dysbiosis)

Systemic inflammatory and immune-mediated diseases
have been associated with intestinal microbiomes that
distinguish them from normal or other disease-specific
[116]
populations
(Table 1). The intestinal microbiota have
differed in patients with rheumatoid arthritis compared
[164]
to patients with fibromyalgia . Decreased diversity in
the microbiome has been associated with an increased
[165]
risk of type 1 diabetes
, the occurrence of atopic
[166-169]
diseases, including asthma
, and the presence of
[170]
Crohn’s disease . Patients with multiple sclerosis have
reduced numbers of Clostridia and Bacteroides species
[42]
compared to normal individuals , and patients with
[37,171]
type 1 diabetes have more colonies of Bacteroides
.
Compositional shifts in the intestinal microbiota, par
ticularly the relative frequencies of certain bacterial
taxa, have been associated with the phenotype and
[172]
genotype of inflammatory bowel disease .
These findings have suggested that alterations in
the composition of the intestinal microflora (dysbiosis)
may disrupt intestinal and systemic immune tolerances
[114,116]
and contribute to immune-mediated diseases
.
Depletion of the commensal bacteria may allow
intestinal populations of pathogenic or immunogenic
organisms to proliferate and generate ligands that
[116,173]
activate TLRs and NLRs
(Figure 2). The major
uncertainty has been whether the dysbiosis has been a
cause or an effect of the disease.
Antibiotics are the principal agents promoting
dysbiosis, and their use has been implicated in
creating the dysbiosis associated with the occurrence
[167,168,174]
[166]
of atopic diseases
, asthma
, type 1
[165]
[175]
diabetes , and celiac disease . Twin studies have
also indicated that genetic factors can shape the
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Table 2 Microbial mechanisms for breeching intestinal barrier
Microbial Effect

Features

Mechanisms

Translocation

Migration of gut-derived products[195,224]
Tight junctions weakened[218]
Increased intestinal permeability[195,218]
Paracellular migration[37,224]
Consequences[192]
LPS and CpG delivered to liver[123,130,195]
Activated immune cells translocate[118,193]
Translocated microbial antigens activate peripheral immune cells[185]
TLRs and NLRs activated[123,130]

Increased mucosal
permeability

Intestinal epithelial cells bound together by junctional complex of proteins[222,223]
Occludin main component[222]
Zona occludens couples cytoskeleton[222]
Cingulin contacts cells[222]
Actin and myosin anchor cells[222]
Intermediate filaments bind cells[222]
Signaling pathways seal junction[223]
Protein kinase C modulates occludin[222]
Bacterial antigens actively transported across intestinal barrier[230]

Gut-derived SCFA affect tight junctions[200]
Butyrate strengthens intestinal barrier[203]
Induces mucin synthesis[201,203]
Reduces bacterial translocation[204]
Increases peripheral Tregs[205]
Inhibits NF-κB and inflammation[207]
Lactate strengthens intestinal barrier[37]
Fermented to butyrate[215,216]
Low butyrate- and lactate- producing bacteria
associated with weak barrier[217,218]
TLRs affect molecular mediators[225,226]
Signaling pathways disrupted[223]
Junctional binding proteins dissociated[224]
Paracellular migration routes formed[37,224]
E. coli and C. difficile key effectors[37]

Active transport

M cells in Peyer’s patches capable of active
transport[230]

Superscripted numbers in brackets are references. Cpg: Un-methylated cytosine-phosphorothioate-guanine oligonucleotide; LPS: Lipopolysaccharide; NFκB: Nuclear factor kappa B; NLRs: Non-obese diabetes-like receptors; SCFA: Short chain fatty acids; TLRs: Toll-like receptors; Tregs: Regulatory T cells.

Breech of the intestinal mucosal barrier

[116]

mediated diseases
, its recognition in autoimmune
[69,70]
[176,177]
hepatitis
, its possible genetic associations
,
[179-181]
and its gender bias
suggest that dysbiosis may
constitute an important antigenic or hormonal reservoir
that can promote the autoreactive response in diverse
systemic immune diseases, including autoimmune
hepatitis.

Interactions between the intestinal microenvironment
and the systemic immune response imply that the
natural barrier between the intestinal and systemic
domains can be breeched (Table 2). There is ample
evidence to justify this supposition, but the actual
mechanisms are uncertain. Reactive T lymphocytes
expressing intestinal receptors can be found in the
pancreatic islets and lymph nodes of patients and mice
[117,118,192,193]
with type 1 diabetes
, and lymphocytes
originating in the gut mucosa have been implicated
in the autoreactive response in experimental auto
[194]
immune encephalomyelitis . Furthermore, microbial
components have been detected in the plasma of
[151,152]
patients with cirrhosis
and portal circulation of
[51]
animals with non-alcoholic fatty liver disease .
The migration of gut-derived bacteria and bacterial
products from the intestinal lumen to the liver,
mesenteric lymph nodes, and other extra-intestinal
[195]
sites may occur by translocation
(Figure 2).
Translocation implies that intestinal permeability has
been increased, possibly because tight junctions within
the intestinal mucosa have been weakened or the
intestinal barrier has been overwhelmed by bacterial
[46,195-197]
overgrowth
. The translocated bacterial products,
including LPS and unmethylated CpG, can then be
delivered to the liver via the portal vein and activate
[123,130]
TLRs and NLRs
. Dysbiosis and a “leaky gut” have
been implicated in the development of NASH, diabetes,
[197,198]
and the metabolic syndrome
.
Bacteria produce short chain fatty acids (acetic
acid, butyric acid, and propionic acid) which can affect
[197,199,200]
the tight junctions within the intestinal mucosa
(Table 2). Butyrate, which is the conjugate base of

Molecular homologies between microbial and selfantigens

Epitopes can be shared between microbial components
and self-antigens, and this molecular mimicry can
result in cross-reacting antibodies or the activation
of T lymphocytes in genetically-predisposed indi
[33,184,185]
viduals
(Figure 2). The reactive T lymphocytes
[186]
can in turn exhibit promiscuous activity
and
target epitopes that are distant homologues to the
[187]
initial antigenic trigger (epitope spread)
(Table 1).
Bacterial components have generated autoantibodies
found in systemic autoimmune diseases, such as
[188]
systemic lupus erythematosus (SLE)
and the
[189]
antiphospholipid syndrome
, and they have been
[190]
implicated in the progression of SLE
and the
exacerbation of Sjogren’s syndrome, possibly through
[33,188,191]
the activation of memory lymphocytes
. The
atypical pANCA found in PSC and autoimmune hepa
titis target an antigen (β-tubulin) that cross-reacts
[53]
with a bacterial antigen , and the antibodies to
pyruvate dehydrogenase complex-E2 found in PBC
[56,57]
cross-react with intestinal Escherichia coli
. The
principal mechanism by which the intestinal microbiota
may sustain or extend the autoreactive response is
molecular mimicry, and experimental animal models of
autoimmune hepatitis should evaluate this hypothesis.
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[37,219-221]

butyric acid, induces mucin synthesis in the intestinal
mucosa, strengthens tight junctions, and reduces
[201-204]
bacterial transport across the stressed epithelium
.
Butyrate may also have an anti-inflammatory effect by
promoting the extra-thymic differentiation of peripheral
[205,206]
Tregs
and inhibiting NF-κB and the transcription
[207]
of pro-inflammatory cytokines
. Other short chain
fatty acids (propionate) and bacterial by-products
(succinate and acetate) do not induce the production
[37,202]
of mucin and may increase gut permeability
.
Sodium butyrate acts in part by modulating the
beta-catenin-dependent Wnt signaling pathway within
[208]
cells . This pathway affects the transcription of genes
that influence cell proliferation and differentiation. In
colon carcinoma cell lines, the levels of beta-catenin
transcriptional complexes within the cell influences
its physiological response to butyrate. High levels of
transcriptional complexes result in apoptosis of the cell
and low levels result in the reversible limitation of cell
[208]
growth after exposure to butyrate
. The ability of
butyrate to modulate cell proliferation and apoptosis
may in turn influence cell viability and function, and
these effects may help maintain the integrity of the
gastrointestinal mucosal barrier.
Butyrate can also modulate cell responses to
stress of the endoplasmic reticulum by promoting
the apoptosis of the cell or its preservation through
[209-211]
autophagy
. Butyrate enhances the expression
of peroxisome proliferator-activated receptor-gamma
and the activation of caspases (especially caspase
[212]
3) that induce apoptosis in colorectal cell lines
. It
is also one of the short chain fatty acids, including
propionate, that can induce autophagy in distressed
cells and preserve their survival by generating energy
and retarding the intrinsic (mitochondrial) pathway of
[213,214]
apoptosis
. Gut-derived short chain fatty acids,
such as butyrate and propionate, may be important
moderators of intestinal mucosal cell proliferation and
function, and they may contribute to the prevention
of systemic autoimmune responses and progressive
[208]
colorectal cancer .
Lactate, which is a bacterial byproduct of car
bohydrate fermentation, also reduces intestinal
[203]
permeability
(Table 2). Lactate is fermented mainly
[215]
to butyrate by intestinal microflora
. The acetylcoenzyme A pathway is the major route of butyrate
production from lactate, and the intestinal microflora
[215]
have considerable variability in lactate consumption .
Furthermore, lactate-utilizing bacteria exhibit variable
production of butyrate depending on the availability
[216]
of other substrates
. Patients with type 1 diabetes
have a lower proportion of butyrate- and lactateproducing bacteria in their intestinal microbiome than
case-control subjects, and the dysbiosis favoring
increased intestinal permeability may contribute to the
[217,218]
development of type 1 diabetes
.
Intestinal epithelial cells are bound together by
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structural proteins
that are organized into
a tripartite junctional complex consisting of a tight
[222]
junction, adherens junction, and desmosome
.
Occludin is the only known transmembrane protein
with a domain in the paracellular space, and it is
the principal component of the tight junction. Zona
occludens 1 and 2 and cingulin are non-transmembrane
proteins found in tight junctions at sites of cell-to[222]
cell contact
. They are bound to occludin, and
[222,223]
they probably couple cells to the cytoskeleton
.
Actin and myosin filaments anchor cells together by
calcium-dependent adhesion molecules (E-cadherins)
in an adherens junction, and intermediate filaments
[222]
are anchored to desmosomes and help bind cells
.
Multiple cellular signaling pathways affect the assembly
[223]
and sealing of the junctions , and they are cell-type
specific with protein kinase C modulating occludin and
[222]
zona occludens 1 .
Escherichia coli and Clostridia difficile can disso
ciate the binding proteins and increase intestinal
[37,224]
permeability by opening a paracellular route
(Table 2). The TLRs on the intestinal epithelial cells
can modulate the integrity of the intestinal barrier,
possibly by influencing the expression of molecular
mediators that can affect the structure or function of
[225,226]
the binding proteins
. Activation of TLR2 increases
the phosphorylation of isoforms of protein kinase C,
and this action has been associated with enhanced
expression of zona occludens and the sealing of
[225]
tight junctions
. Conversely, activation of TLR4
reduces the expression of phosphorylated occludin
[226]
and increases intercellular permeability
. Bacterial
ligands derived from different microbial species may
influence intestinal permeability through TLR signaling
and the translocation of microbial products through a
porous intestinal barrier may contribute to a systemic
[227-229]
autoreactive response
.
Another mechanism by which the microbiome
may influence the systemic immune response is by
the active transport of bacterial antigens across the
[230]
mucosal barrier by M cells within Peyer’s patches
.
Whereas immune cells can be activated in the intestine
and migrate to the liver or peripheral lymph tissue by
translocation, they may also be activated in the systemic
circulation by translocated or actively transported
bacterial components that are presented by antigen
presenting cells and recognized as foreign antigens by
+
[39,117,118,193]
circulating naïve CD4 T helper lymphocytes
.

IMPLICATIONS OF THE INTESTINAL
MICROBIOME IN AUTOIMMUNE
HEPATITIS
The intestinal microbiome has been implicated in the
pathogenesis of diverse inflammatory liver diseases,
[48,51,54,59,62]
including NASH, PSC and PBC
, and the
pathogenic pathways of autoimmune hepatitis have
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[2]

[235]

been incompletely defined . The principal target
antigen remains unclear in most patients with auto
immune hepatitis, and conventional corticosteroid
therapies have been unable to consistently induce
[231,232]
sustained treatment-free remissions
. Progressive
[233]
hepatic fibrosis occurs in 25% of patients
, and
emerging drug therapies and molecular interventions
can suppress the immune response but not eliminate
[234]
the disease .
The intestinal microbiome is a reservoir of antigens
and activated immune cells that could initiate,
[30-34]
exacerbate, or perpetuate autoimmune hepatitis
;
dysbiosis has been demonstrated in experimental
[69,70]
and human autoimmune hepatitis
; atypical
pANCA, manifested in most patients with autoimmune
hepatitis, cross-react with an antigen found in intestinal
[53]
bacteria ; and the permeability of the intestinal
mucosal barrier has been increased in patients with
[70]
the disease . Investigations of the microbiome in
autoimmune hepatitis may discover new antigens
and suggest new therapies that might eliminate the
primary antigen or the supplemental antigens that
sustain or advance the disease.

bacterial sequences can be analyzed .
Databases are available and they continue to evolve
[236,239]
for analyses of 16S rRNA gene sequences
.
[240]
Quantitative Insights Into Microbial Ecology (QIIME)
and Mothur, a comprehensive software package
that integrates several algorithms from pre-existing
[241]
software
, are open-source tools that can be used
to describe and compare microbial communities. Short
16S rRNA sequences can be organized into OTUs,
and a motif-based hierarchical method can analyze
[242]
massive metagenomic datasets with high accuracy .
The Human Microbiome Project provides a catalogue
of bacterial species, and it will help define the nature
of the intestinal microbiome, the factors that affect
its composition, distribution and evolution, and the
relationship of the intestinal microflora to human
[236,243,244]
health and disease
.
Further advances in the techniques used to
reconstruct the composition of the human intestinal
microbiome include microarray technology, finger
printing techniques such as determination of the
terminal restriction fragment length polymorphisms,
[79,245-247]
and next-generation sequencing (NGS)
.
Microarray hybridization of deoxyribonucleic acid
provides a high throughput platform that consists of
several thousand probes that can detect nucleic acid
[246-248]
sequences simultaneously
. Unknown microbial
sequences and uncharacterized microbial populations
are undetected by the microarray techniques, and
uncertainties about the existence and importance
of undiscovered microbial populations are the major
[247,248]
limitations of this method
.
The Human Gut Chip has 4441 probes that includes
2442 probes specific for known microbes and 1919
[247]
probes that are explorative for unknown microbes .
Probes with overlapping similarities are becoming
more sensitive to microbial species that are less
[249]
abundant , and probes with explorative designs are
being coupled to probes with microbial specificity in an
effort to identify microorganisms with uncharacterized
[247,250]
sequences
. Essential for the design of useful
explorative probes is the correct anticipation of
genetic variations within the microbial community and
the construction of probes with high sensitivity and
[249]
specificity .
Currently, intestinal ecosystems are being studied
[236]
mainly by 16S rRNA sequencing . This technique is
useful in identifying the microbial species that constitute
the intestinal microbiome, determining the evolution
and transition of the microbial community (phylogeny)
[236]
and quantitating the microbial diversity
. The
challenge is to define the functions of the microbiome,
and whole genome sequencing (WGS) may provide
[236,251]
these insights
. Array-based NGS can analyze the
whole genome, exons, and regions of interest, and it
may emerge as the lens by which to understand the
[79]
function of the microflora .

EVALUATING THE INTESTINAL
MICROBIOME IN AUTOIMMUNE
HEPATITIS
Traditional stool culture techniques are limited in
assessing the intestinal microbiome mainly because
[235]
anaerobic organisms are difficult to culture
and
some microbial species may elude detection by
[235,236]
conventional protocols
. A common method for
studying the diversity of the intestinal microflora has
been to sequence the 16S ribosomal ribonucleic acid
[235,237]
(rRNA) gene
. The 16S rRNA gene is present
in all prokaryotic cells; it has highly variable regions
interspersed with highly conserved regions; and
its sequences are unique to the major groups of
[237]
prokaryotic organisms . These signature sequences
can be used to reconstruct the phylogeny of the
[236]
intestinal microbiome .
Primers are designed that are complementary
to the universally conserved regions that flank the
variable regions, and the bacterial species and their
[237,238]
proportions in the microbiome are determined
.
The variable regions are amplified by polymerase chain
reaction (PCR), and the PCR products are purified for
[81]
sequencing . Sequencing results are compared to
[235]
established annotated datasets
. The sequencing
protocol misidentifies or omits a critical residue in
[237]
only 1% of procedures
. Ambiguities resulting
from the sequencing determinations are the most
common errors, and they may reflect inadequacies
[235,237]
in the available datasets
. Only known bacterial
sequences or sequences closely homologous to known
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Table 3 Treatment considerations for investigation of gut-derived immune responses
Treatment Consideration
Dietary adjustments

Probiotic preparations

Findings
Bacteroides, Firmicutes (including Clostridia),
and Prevotella favored by
different dietary regimens[37,90]
Expands Tregs in cell culture[278]
Prevents diabetes in NOD mice[263]
Improves liver tests in rat model[266]
Increases tight junction proteins[276]
Consumes lactate and produces butyrate[277]
Restores Lactobacilli in lupus model[255]
Regulates cytokines in lupus model[256]
Induces IL-10-producing Tregs[279]
Reduces activity in RA[257]
Improves tests and pruritus in PSC[269]
Induces Tregs in colitis model[107,109,110]

Retinoic acid supplement[255]
Dietary vitamin A[256]

Vitamin A and retinoic acid

Tetracycline, minocycline[257]
Vancomycin, metronidazole[269]
Bacteroides fragilis[107]
Clostridia species[109,110]
Gelatin tannate[258-260]

Antibiotics
Re-colonization
Fecal transplantation
Intestinal barrier protectors

TLR inhibitors

Nature
Animal protein, saturated fats[90]
High carbohydrate diets[90]
Low fat high fiber diet[90]
Bifidobacterium bifidum[253]
Lactobacillus strains[254,263,266]
Lactobacillus rhamnosus[276]
Anaerostipes caccae[277]

Oligodeoxynucleotides blocking TLR7 signaling[261]

Molecular interventions
Short chain fatty acids

Polysaccharide A[105,262]
Acetate, propionate, butyrate[200]

Enhances mucus barrier[258,259]
Reduces activity in murine colitis[259]
Alters composition of microbiota[259]
Limits inflammatory effects of LPS[260]
Inhibits IL-8 and TNF-α in LPS cells[260]
Improves tests and reduces activity in murine model
of lupus nephritis[261]
Improves autoimmune lung injury[261]
Induces IL-10 producing Tregs[105,262]
Protects against EAE in mice[105]
Modulates gut signaling pathways[200]
Inhibits histone deacetylases[200,264]
Regulates gene expression[200]
Enhances gut integrity[200]

Superscripted numbers in brackets are references. EAE: Experimental autoimmune encephalitis; IL: Interleukin; LPS: Lipopolysaccharide; NOD: Non-obese
diabetes; PSC: Primary sclerosing cholangitis; RA: Rheumatoid arthritis; TLR: Toll-like receptor; TNF-α: Tumor necrosis factor-alpha; Tregs: Regulatory T
cells.
[259]

the microbiota, and decrease inflammatory activity .
Gelatin tannate has also been evaluated in LPSstimulated cell cultures, and it has inhibited the
expression of the intercellular adhesion molecule-1 and
reduced the production of IL-8 and TNF-α in a dose[260]
dependent fashion . Oligodeoxynucleotides designed
to block TLR7 signaling have improved tests and
reduced activity in a murine model of lupus nephritis
[261]
and lung injury
; polysaccharide A has induced
IL-10 producing Tregs in experimental autoimmune
[105,262]
encephalitis
; and short chain fatty acids have
modulated intestinal signaling pathways, inhibited
histone deacetylases, regulated gene expression, and
[200,264]
increased the integrity of the intestinal barrier
.
Manipulations of the intestinal microbiota have also
shown promise in animal models and patients with
liver disease. In rats with carbon tetrachloride-induced
cirrhosis, antibiotic therapy and probiotic supplements
have decreased systemic endotoxin levels and
[265]
improved liver tests
, and in rats with ischemic/reperfusion liver injury, probiotic supplements with
Lactobacillus have reduced the production of proinflammatory, pro-fibrotic cytokines and improved
[266]
liver tests
(Table 3). The intestinal microbiota have
[267,268]
been implicated in the pathogenesis of PSC
,
and a small randomized clinical trial has indicated
that treatment with vancomycin or metronidazole can

DEVELOPING TREATMENT STRATEGIES
TO INVESTIGATE
The intestinal microbiome can be manipulated by dietary
[37,90,252]
[197,253,254]
adjustments
, probiotic preparations
,
[255,256]
supplements of vitamin A and retinoic acid
,
[169,257]
[33,107,109,110]
antibiotics
, intestinal re-colonization
,
pharmacological agents that decrease intestinal
[258-260]
permeability
, molecular interventions that block
TLR signaling and the production of pro-inflammatory
[261]
cytokines
, molecular interventions (polysaccharide
[105,262]
A) that stimulate anti-inflammatory responses
,
and short chain fatty acids that modulate signaling
pathways that affect gene expression, intestinal barrier
[200]
integrity, and inflammatory responses
(Table 3).
Antibiotics (tetracycline and minocycline) have
reduced disease activity in rheumatoid arthritis,
especially in seropositive patients with disease of
[257]
short duration
. Probiotic supplements containing
Bifidobacterium bifidum have promoted the expansion
[253]
of Tregs in cell cultures
, and probiotics enriched
with strains of Lactobacillus alone or in combination
with retinoic acid have prevented the development of
[254,263]
type 1 diabetes in NOD mice
. Gelatin tannate
has been used in a murine model of acute colitis to
protect the mucosal barrier, alter the composition of
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improve serum alkaline phosphatase and bilirubin
[269]
levels and decrease pruritus . Clarification of the role
of the intestinal microbiome in autoimmune hepatitis
is necessary to direct investigational strategies that
would help develop ancillary interventions to improve
the outcome of this disease.
Manipulations of the intestinal microbiota, especially
with antibiotics, may have adverse consequences which
must be defined in animal and human studies and
counter-balanced against potential benefits (Table 3).
The intestinal microbiome performs important digestive
and detoxification functions, produces nutrients and
short chain fatty acids that can affect intestinal integrity,
defends against invading pathogens, and influences
the innate and adaptive immune responses within
[30,270,271]
and outside the intestine
. Dysbiosis associated
with antibiotics, especially in early age, may perturb
immune tolerance for the microflora and predispose
to other immune-mediated diseases (asthma, celiac
[165,166,175,272]
disease, and type 1 diabetes)
. Antibiotic
manipulations may also favor the emergence of drug[169]
resistant pathogenic or immunogenic microflora
.
The optimal nature and duration of the manipulations
that might impact on the intestinal microbiome are
uncertain, and the durability of the responses are
unclear. Much work needs to be done to establish
microbiome manipulation as a way forward in auto
immune hepatitis, but observations already made
in diverse systemic immune-mediated diseases and
the unmet needs in the management of autoimmune
hepatitis justify rigorous evaluation of this possibility.

the immune-mediated mechanisms of autoimmune
hepatitis can then be evaluated in experimental models.
Adjunctive forms of therapy may emerge to com
plement current immunosuppressive regimens.
Individual bacterial species within the microbiome
may be manipulated by diet, designer probiotics, recolonization methods, antibiotics, selected vitamin
supplements, and pharmacological agents that
[236]
decrease intestinal permeability
. Molecular
interventions that block TLR signaling or modulate
signaling pathways may also evolve to reduce proinflammatory cytokine production, limit unfavorable
gene expression, and strengthen the integrity of the
[200,261]
intestinal barrier
.
Major obstacles to the performance of these
studies are the limited number of publicly available
tools to analyze the microbial metagenome, especially
[239]
in translational settings
, the multiplicity of envi
ronmental factors (diet, antibiotics, sanitation) that
can affect variations of the microbiome among
[273,274]
communities and between individuals
, and
uncertainties about the roles of luminal and mucosal
[81,275]
microbiota in directing the immune response
.
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In 2010, a panel of Chinese pathologists reported
the first expert consensus for the pathological diag
nosis of primary liver cancers to address the many
contradictions and inconsistencies in the pathological
characteristics and diagnostic criteria for PLC. Since
then considerable clinicopathological studies have been
conducted globally, prompting us to update the practice
guidelines for the pathological diagnosis of PLC. In
April 18, 2014, a Guideline Committee consisting of
40 specialists from seven Chinese Societies (including
Chinese Society of Liver Cancer, Chinese Anti-Cancer
Association; Liver Cancer Study Group, Chinese Society
of Hepatology, Chinese Medical Association; Chinese
Society of Pathology, Chinese Anti-Cancer Association;
Digestive Disease Group, Chinese Society of Patho
logy, Chinese Medical Association; Chinese Society of
Surgery, Chinese Medical Association; Chinese Society
of Clinical Oncology, Chinese Anti-Cancer Association;
Pathological Group of Hepatobiliary Tumor and Liver
Transplantation, Chinese Society of Pathology, Chinese
Medical Association) was created for the formulation
of the first guidelines for the standardization of the
pathological diagnosis of PLC, mainly focusing on the
following topics: gross specimen sampling, concepts
and diagnostic criteria of small hepatocellular carcinoma
(SHCC), microvascular invasion (MVI), satellite nodules,
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and immunohistochemical and molecular diagnosis.
The present updated guidelines are reflective of
current clinicopathological studies, and include a novel
7-point baseline sampling protocol, which stipulate
that at least four tissue specimens should be sampled
at the junction of the tumor and adjacent liver tissues
in a 1:1 ratio at the 12, 3, 6 and 9 o’clock reference
positions. For the purposes of molecular pathological
examination, at least one specimen should be sampled
at the intratumoral zone, but more specimens should
be sampled for tumors harboring different textures or
colors. Specimens should be sampled at both adjacent
and distant peritumoral liver tissues or the tumor
margin in order to observe MVI, satellite nodules
and dysplastic foci/nodules distributed throughout
the background liver tissues. Complete sampling
of whole SHCC ≤ 3 cm should be performed to
assess its biological behavior, and in clinical practice,
therapeutic borders should be also preserved, even
in SHCC. The diagnostic criteria of MVI and satellite
nodules, immunohistochemical panels, as well as
molecular diagnostic principles, such as clonal typing,
for recurrent HCC and multinodule HCC were also
proposed and recommended. The standardized process
of pathological examination is aimed at ensuring the
accuracy of pathological PLC diagnoses as well as
providing a valuable frame of reference for the clinical
assessment of tumor invasive potential, the risk of
postoperative recurrence, long-term survival, and the
development of individualized treatment regimens.
The updated guidelines could ensure the accuracy of
pathological diagnoses of PLC, and provide a valuable
frame of reference for its clinical assessment.

INTRODUCTION
Primary liver cancers mainly refer to malignancies that
originate from hepatocytes hepatocellular carcinoma
(HCC), which account for the majority of PLC, and
intrahepatic cholangiocytes intrahepatic cholangio
carcinoma (ICC). PLC ranks as the second leading
cause of cancer death worldwide, among which HCC is
one of the most lethal malignancies because of its high
morbidity and mortality, as well as aggressiveness. An
estimated 782500 new PLC cases and 745500 deaths
occurred worldwide during 2012, with China alone
accounting for about 50% of the total number of cases
[1]
and deaths . In China, current trends in the crude
incidence and mortality of PLC are 28.71/100000
and 26.04/100000, respectively, making it the fourth
most common cancer and the second leading cause of
[2]
cancer related-death .
Hepatic pathology is a foundational subject in
the field of hepatic surgery, the preferred first-line
treatment for PLC. In an effort to ensure the accuracy
of pathological diagnosis, a standardized process of
pathological examination is required to provide a
valuable frame of reference for the clinical assessment
of the risk of postoperative recurrence, long-term
prognosis, as well as individualized treatment regimens.
However, most current practice guidelines for PLC focus
[3,4]
on the clinical treatment . To our best knowledge, no
consensus guidelines for the pathological diagnosis of
PLC have ever been published. The lack of such guide
lines has led to many contradictions and inconsistencies
in the pathological characteristics and diagnostic criteria
for PLC. To address this gap, Chinese pathologists
developed an expert consensus on the pathological
[5]
diagnosis of PLC in 2010 .
Since the development of these guidelines, much
progress in the clinical management and pathological
assessment of PLC has yielded many new concepts,
such as tumor heterogeneity, pathobiological chara
cteristics, molecular classification, personalized
therapy and precision medicine, etc. The inclusion
of these new concepts has become the cornerstone
for the clinical management of PLC, placing greater
demands on more stringent criteria and standards for
hepatic pathological diagnosis. Therefore, in April 18,
2014, under the guidance of renowned academicians
Prof. Wu Meng-chao, Prof. Tang Zhao-you and Prof.
Liu Tong-hua, a Guideline Committee consisting of 40
specialists (supplementary materials) from Chinese
Pathology, Surgery, Hepatology and Oncology Societies
was created for the formulation of updated guidelines
for the standardization of the pathological diagnosis of
PLC.
The principal goals of the Guideline Committee
include (1) incorporating the results of worldwide
clinicopathological studies in PLC over the past 5
years according to the Evaluation Criteria of Grades of
Evidence recommended by the American Association
[6]
for the Study of Liver Diseases guideline (Table 1) ;

Key words: Liver cancer; Hepatocellular carcinoma;
Intrahepatic cholangiocarcinoma; Practice guidelines;
Pathology; Diagnosis
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Core tip: Given the high prevalence of primary liver
cancers in China, the present 2015 guidelines were
formulated in response to the clinicopathological
evidence amassed over the past 5 years. The guidelines
included suggestions for a 7-point baseline sampling
protocol, updated the definition of small hepatocellular
carcinoma (HCC), described a grading system of
microvascular invasion for routine pathological diag
nosis, and included molecular diagnostic principles,
such as the importance of clonal typing for determining
the clonal original patterns and therapeutic strategy of
postoperative recurrent and multinodule HCC.
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Table 1 Grades of evidence and classes of recommendations
Description
Grade of evidence
A
B
C

Data derived from multiple randomized, controlled trials or meta-analyses
Data derived from a single randomized trial or nonrandomized studies
Evidence based on clinical experience, descriptive studies, and opinion of respected authorities where further research is highly
likely to impact confidence on the estimate of clinical effect

Class of evidence
Ⅰ

Conditions for which there is evidence and/or general agreement that a given diagnostic evaluation, procedure, or treatment is
beneficial, useful, and effective
Conditions for which there is conflicting evidence and/or divergence of opinion about the usefulness/efficacy of a diagnostic
evaluation, procedure, or treatment
Weight of evidence/opinion is in favor of the usefulness/efficacy
Usefulness/efficacy is less well-established by evidence/opinion
Conditions for which there is evidence and/or general agreement that a diagnostic evaluation/procedure/treatment is not
useful/effective and in some cases, may be harmful

Ⅱ
Ⅱa
Ⅱb
Ⅲ

F

≤

1c

m

D

G

m
>1c

A

E

B

C

Figure 1 Specimen sampling sites.

(2) accepting the comments and suggestions of
experts in hepatic pathology, surgery and oncology;
(3) responding to the clinical concerns for improving
the therapeutic efficacy for PLC; and (4) creating
guidelines for the standardized pathological diagnosis
of PLC. To meet these goals, the Guideline Committee
organized several seminars for guideline formulation,
mainly focusing on the following topics: gross specimen
sampling, concepts and diagnostic criteria of small HCC
(SHCC), microvascular invasion (MVI), satellite nodules,
immunohistochemical and molecular diagnosis. The
final version of the 2015 guidelines was approved at
the last Guideline Committee meeting, which was held
in February 1, 2015 in Shanghai, China.

baseline sample collection protocol is recommended
(Figure 1). (1) At least four tissue specimens should be
sampled at the junction of the tumor and adjacent liver
tissues in a 1:1 ratio at the 12 (A), 3 (B), 6 (C) and 9
(D) o’clock positions; (2) for the purpose of molecular
pathological examination, at least one specimen should
be sampled at the intratumoral zone (E), but more
specimens should be sampled for tumors harboring
different textures or colors; (3) specimens should be
sampled from both adjacent peritumoral liver tissues
(F, ≤ 1 cm from the tumor capsule) and distant
peritumoral liver tissues (G, > 1 cm from the tumor
capsule) or the tumor margin in order to observe MVI,
satellite nodules and dysplastic foci/nodules distributed
throughout the background liver tissues; and (4)
Tissue blocks should be approximately 1.5 cm - 2.0
cm × 1.0 cm × 0.3 cm in size and marked according to
their sampling sites.
Regarding tissue fixation, the following reco
mmendations were made to assure the quality of
the tissues for pathological and immunopathological
[9]
examination . (1) The surgeons should fill an Appli
cation Form of Pathological Examination describing
the clinical diagnosis, location and type of lesions and
number of tissues. The surgical margin, suspected
lesions, important vessels and bile duct margin

GENERAL PATHOLOGY
Sample collection, fixation and processing

Peritumoral zones are representative of tumor
heterogeneity in that they are rich in highly invasive
cells, susceptible to the formation of MVI and satellite
nodules and, therefore, more likely to impact liver
cancer metastasis, postoperative recurrence and
[7,8]
prognosis . Therefore, sampling around the periphery
of tumor tissues is critical for objectively evaluating
the biological behaviors of PLC. Specifically, a 7-point
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should be marked with a dye or suture by surgeons.
Small resected tissues, such as lymph nodes, should
be placed into different containers and labeled with
corresponding descriptions; (2) to maximally preserve
the integrity of intracellular nucleic acids and proteins
for avoiding autocytolysis, tumor specimens should be
transferred to the Department of Pathology as soon
as possible after resection, ideally within 30 min after
[10]
surgical removal for sectioning and fixation ; (3) the
fresh specimens should be cut consecutively into 1-cmthick multiple sections at the maximal diameter; a
portion should remain unfixed fresh or cryopreserved for
molecular examination; and (4) at room temperature,
tissues should be fixed in a neutral formalin solution (v:v,
1:4-5) for 12-24 h and embedded in paraffin. Sections
of 5-μm thickness should be cut from each block and
stained with hematoxylin and eosin for histological
[11]
examination .

Health Organization (WHO), ICCs are classified as
mass-forming, periductal-infiltrating, and intraductal
[14]
growth .
Although some studies considered that patient
outcomes might not be impacted as tumors reach >
[15]
5 cm in size , discerning the presence of SHCC is
important in the early diagnosis and therapy initiation
for patients with liver cancer as it is a key step in
the development and progression of HCC. However,
the definition of SHCC varies greatly by international
[15]
criteria - from 2 cm to 5 cm in diameter . Studies
indicating that HCC growing near to or larger than
3 cm in diameter is an important turning point in
the transformation of a tumor from having relatively
[16,17]
benign features to more aggressive behaviors
.
Furthermore, the unique genetic changes in those
SHCC ≤ 3 cm in diameter during the early stage have
[18,19]
been reported
. More data indicated that patients
with tumors > 3 cm have an increased risk for MVI,
[17,20]
satellite nodules, as well as poor prognosis
.
Specifically, the overall postoperative 5-year survival
and recurrence-free survival of patients with SHCC
≤ 3 cm are 67.8% and 52%, respectively, which
are significantly higher than that of 42.3% and
29.3% in patients with HCC > 3 cm, respectively (P
[17,21]
< 0.001)
. Moreover, up to now, most studies on
patients with SHCC ≤ 2 cm are based on multi-center
joint studies with long-term data collection because too
few surgical cases in a single center exist. At present,
there are almost no systematic studies or knowledge
based on a large series of cases that describe the
[16,19,22]
pathobiological characteristics of SHCC ≤ 2 cm
.

Recommendations: (1) Hepatic tumor samples
should be collected using the 7-point baseline sampling
protocol; (2) the location and number of liver tissues
collected should be determined as appropriate
according to the size, shape and number of the liver
tumors as well as the adjacent liver tissues; (3)
because the detection rate of MVI and satellite nodules
is related to the extent of adjacent liver tissues, it is
necessary to describe the size of the adjacent liver
tissues, and the suspected lesions should be sampled
after reviewing several sections (C, I); and (4) when the
tumor tissue is close to the surgical margin, sampling
should be done at the region vertical to the margin
closest to the cancer. When the tumor tissue is far
away from the surgical margin, sampling should be
done parallel to the surgical margin. The status of
the surgical margin should be determined using the
section with maximal area (C, I).

Recommendations: (1) SHCC of ≤ 3 cm is frequently
well-differentiated with expansive growth, and has
[17]
a low risk for MVI and satellite nodules , which is
suggestive of a relatively benign biological behavior
in the progression to malignancy and is the basis
of radical therapy. Thus, radical therapy should be
initiated at an early stage before the tumor becomes
highly invasive (B, I); and (2) in a small number of
cases, SHCC may be poorly differentiated, invasive, or
containing MVI and satellite nodules, which is indicative
of highly malignant behavior. Given the heterogeneity
of HCC, complete sampling of SHCC ≤ 3 cm should
be performed to assess its biological behavior, and in
surgical practice, therapeutic borders should also be
preserved, even in SHCC (B, I).

Description of macroscopic characteristics and clinical
significance of SHCC

In the description of general hepatic tissue chara
cteristics, pathologists should emphasize the size,
number, color and texture of the tumor, its relationship
with blood vessels and the bile duct, tumor capsule,
tumor involvement, peripheral liver lesions, type
of hepatic cirrhosis, the shortest distance between
the tumor and surgical margin, and the status of
the surgical margin. For tumor tissues with atypical
morphology, the tissues should be photographed.
Gross classification of HCC may reference the criteria
developed by the Chinese Pathology Working Group
[12]
for Liver Cancer , and the Guidelines for the Diagnosis
and Treatment of Primary Liver Cancer (2011 Edition)
[13]
proposed by the Chinese Minister of Health , in
which a single tumor ≤ 1 cm in diameter is defined
as microtumor, and a single tumor from > 1 cm to
≤ 3 cm in diameter is defined as SHCC. According
to the classification system proposed by the World

WJG|www.wjgnet.com

Description of microscopic characteristics

Previous studies have described the analysis of
microscopic tissue characteristics that include the
[14,23]
following
: (1) histological types of HCC, including
common histological types (e.g., thin trabecular type,
thick trabecular type, pseudoglandular type, compact
type and fibrolamellar type, etc); (2) HCC cell type
(e.g., clear cell type, lipid-rich type, spindle cell type
and undifferentiated type, etc); (3) differentiation state
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of HCC as assessed by the Edmondson-Steiner fourgrading system; (4) the area and severity of tumor
necrosis (e.g., interventional therapy), lymphocyte
infiltration and interstitial fibrosis; (5) adenocarcinoma
is the most common histological type of ICC, although
it may also present in other special histological
and cell types and its differentiation degree can be
classified as well, intermediate and poor; (6) tumor
growth patterns, including peritumoral invasion,
capsule invasion, MVI and satellite nodules; and (7)
the presence of chronic liver disease, such as chronic
hepatitis or hepatic cirrhosis. Although there are
many systems for grading and staging chronic viral
[24-29]
hepatitis
, a simple histologic scoring system is
recommended for routine pathological diagnosis,
such as the Scheuer scoring system, etc. Further
more, Masson’s trichrome staining and reticular fiber
staining can be routinely undertaken to assess the
degrees of hepatic fibrosis and lobule reconstruction,
[30]
respectively .

addition, IPBN may have BilIN with different grades.
Along with BilIN and IPBN, other types of precancerous
lesions in ICC include mucinous cystic neoplasms and
biliary hamartomas harboring a high degree of BilIN,
which may also correlate with increased risk of ICC.
Recommendations: It is important to conduct
a differential diagnosis between HGDN and welldifferentiated SHCC, the latter of which may manifest
morphologically as varying degrees of increased
cellular density and nuclear-to-cytoplasmic ratio,
widened trabecular space, pseudoglandular structures,
infiltrative growth, increased MVD as assessed by
CD34 staining, higher Ki-67 index, and positive
expression of p53 and glypican-3 (GPC-3), etc (B, I).

PATHOLOGICAL DIAGNOSIS OF MVI
MVI is also known as microvascular cancer embolus
and refers to the cancer cell nest in vessels lined with
endothelial cells. The incidence of MVI in liver cancer
[33]
patients ranges from 15% to 57.1% , which may be
partly ascribed to differences in the sample collection
protocol and diagnostic criteria between studies. MVI
is most frequently found in the small branches of the
portal vein in the adjacent liver tissues (including
vessels of the cancer capsule) because these vessels
are the major ones exiting the tumor, as the portal
[34,35]
vein shows disordered hemodynamics
. Branches
of the hepatic vein are the secondary vessels exiting
the tumor and may also develop MVI. Occasionally,
the hepatic tumor may invade the hepatic artery, bile
duct and lymphatic vessels, which should be reported
[33,36]
independently
. To differentiate the vascular
nature of the tumor, immunohistochemistry may be
performed to examine the expression of CD34 (vascular
endothelium), smooth muscle α-actin (vascular smooth
muscle), elastic fibers (elastic fiber layer of tiny blood
vessel wall) and D2-40 (lymphatic endothelium).
Clinical studies indicate that MVI is related to poor
prognosis in patients with HCC, including increased risk
for postoperative recurrence and reduced long-term
survival. In patients with HCC, a correlation between
higher MVI grade and shorter disease-specific survival
[37]
and recurrence-free survival has been noted . In
a systemic review that included 20 observational
studies of patients undergoing liver transplantation
(LT), the presence of MVI shortened their 3-year
disease-free survival [RR = 3.41 (2.05-5.7)] and
[33]
3-year overall survival [RR = 2.41 (1.72-3.37)] . A
similar correlation between MVI and poor prognosis
[38]
was also observed in patients with SHCC of ≤ 3 cm .
[39]
Furthermore, Pawlik et al
found that the occurrence
of MVI was positively correlated with the size of HCC,
suggesting that the size and number of tumors are
important predictive indices for MVI. Furthermore,
[40]
Roayaie et al found that vascular smooth muscle
involvement of MVI and > 5 MVIs were closely related

Description of precancerous lesions

The main types of precancerous HCC lesions include
[23,31,32]
the following
: liver cell dysplasia, dysplastic foci,
low-grade dysplastic nodule (LGDN), and high-grade
dysplastic nodule (HGDN). Liver cell dysplasia refers
to either large cellular changes, including increased
cellular and nuclear volumes, nuclear pleomorphism,
hyperchromatic chromatin and multinucleation,
and small cellular changes, including decreased cell
volume, increased nuclear-to-cytoplasm ratio with
mild pleomorphism and hyperchromasia, but showing
crowded nuclei. Dysplastic foci are lesions that are
≤ 1.0 mm in diameter and commonly composed
of hepatocytes with small cell changes. LGDN is a
nodule mainly comprising large cellular changes
without obvious atypia, isolated interstitial arteries,
or expansive growth patterns. In contrast, HGDN is
composed of small cellular changes with increased
atypia, isolated interstitial arteries, and expansive
growth. “Nodule-in-nodule” is used to describe a focal
malignant lesion occurring within a HGDN. According
to the WHO classification system, hepatocellular
adenoma (HCA) can be classified into four molecular
pathological subtypes, including hepatocyte nuclear
factor 1 α-inactivated HCA, β-catenin-activated HCA,
inflammatory HCA and unclassified HCA, among
which, β-catenin-activated HCA may have a higher risk
[23,31,32]
of malignant transformation
.
The main types of precancerous lesions in ICC
include biliary intraepithelial neoplasia (BilIN) and
intraductal papillary biliary neoplasm (IPBN), as well
[14]
as others . BilIN is usually graded as BilIN-1 (lowgrade lesions), BilIN-2 (intermediate-grade lesions),
and BilIN-3 (high-grade lesions or carcinoma in situ),
according to the degree of nuclear atypia observed in
biliary epithelial cells. IPBN refers to tubular papillary
tumors with growth confined to the bile duct lumen. In
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to postoperative recurrence, and MVI located > 1 cm
away from the adjacent liver tissues was associated
[41]
with postoperative survival . There is also evidence
showing that the presence of ≥ 50 loosely suspended
cancer cells in MVI is closely related to the prognosis
of patients with PLC. In contrast, the presence of <
50 loosely suspended cells in the lumen should be
described in the report sheet and may be indicative of
[34]
a low risk for recurrence .

cloning detection may then be helpful to elucidate the
origin of the satellite nodules (B, I).

PROCESSING OF LIVER TISSUES
COLLECTED BY LIVER BIOPSY
Regarding the diagnosis of hepatic space-occupying
lesions, a 16-gauge puncture needle is usually used
to obtain a biopsy specimen containing junctional
areas between the tumor and peritumoral zones
or one from each zone. A relatively longer biopsy
sample is required for the assessment of the degree
of hepatic fibrosis or cirrhosis in the setting of chronic
viral hepatitis. The appropriate tissue length should
be longer than 1.5 cm and fixed with 10% neutral
buffered formalin for 1-2 h, and ≥ 6 intermittent and
consecutive sliced tissue sections should be placed on
[45,46]
each slide for pathological evaluation
.

Recommendations

MVI is an independent prognostic marker for HCC
patients (A, I); therefore, its presence should be
evaluated in all tissue sections and graded according
to the risk stratification based upon the number and
distribution as follows: M0: no MVI; M1 (low-risk): MVI
of < 5 and at ≤ 1 cm away from the adjacent liver
tissues; and M2 (high-risk): MVI of > 5 or at > 1 cm
away from the adjacent liver tissues (B, I).

IMMUNOHISTOCHEMICAL DIAGNOSIS

PATHOLOGICAL DIAGNOSIS OF SATELLITE
NODULES

For HCC, commonly used immunohistochemical markers
for diagnosis include hepatocyte paraffin-1 (Hep Par-1),
GPC-3, CD34, polyclonal carcinoembryonic antigen
(pCEA), CD10, arginase-1, heat shock protein-70,
[31,47,48]
and glutamine synthetase
. Although Hep
Par-1, CD10, arginase-1 and pCEA are hepatocytespecific antigens, they cannot be used to distinguish
[47]
benign and malignant hepatocellular tumors . For
the immunohistochemical diagnosis of ICC, staining
with antibodies specific for biliary cytokeratins, such
as CK19, CK7 and mucin-1, is commonly employed.
The diagnosis of dual phenotype HCC (DPHCC), a
new highly aggressive subtype of HCC, is generally
characterized by the expression of both HCC and ICC
[7,49]
biomarkers
, and the diagnosis of DPHCC can only
be made by immunohistochemical detection.
Although some reported biomarkers may aid in
the evaluation and prediction of certain biological
features of liver cancer, including risk for invasiveness,
[50,51]
recurrence and long-term survival
, but further
studies are required to confirm their clinical importance
in multiple patient populations.

Satellite nodules refer to the macroscopic or micro
scopic tumor cell nests located around or near, but
separated from the main tumor with similar histological
features as observed in the primary tumor. Generally,
satellite nodules are derived from MVI. While difficult to
distinguish from each other histologically, a diagnosis
of satellite nodules is appropriate.
Studies show that the maximum micrometastasis
spread distance (MMSD) in the distal area was < 3
cm in 92.3% of HCCs, and the MMSD in the proximal
edge was < 1.5 cm in 91.7% of HCCs, suggesting
that this area is important for pathological diagnosis
[42]
[15]
and therapy . Lim et al
found that the incidence
of satellite nodules was 7% and 23% in patients with
HCC of < 5 cm and > 5 cm, respectively, indicating
that satellite nodules were a factor predicting poor
overall survival. Moreover, the presence of satellite
nodules is also an important predictor of postoperative
[42]
recurrence . The presence of MVI and satellite nodules
may also provide a reference for the selection of clinical
[43]
therapeutic modules. For example, Meniconi et al
found that in the absence of MVI and satellite nodules
in the first resected HCC, a second hepatectomy or
radiofrequency ablation for early intrahepatic recurrence
predicted a better overall survival as compared to
hepatic arterial chemoembolization.

Recommendations

(1) Currently used biomarkers for liver cancer are
somewhat imperfect in their diagnostic specificity and
sensitivity; thus, a biomarker panel in combination
with other tissue-specific markers could represent
a useful tool for diagnosis and differential diagnosis
between benign and malignant hepatocellular tumors,
HCC and ICC, other specific types of hepatic tumors,
and primary and metastatic liver cancer (B, I); and
(2) although immunohistochemical staining for CD34
does not directly label hepatic parenchymal cells, it
is valuable for determining the extent of MVD and
examining its unique distribution pattern in different
liver tumors. For instance, a diffuse staining pattern

Recommendations

Pathological diagnosis of satellite nodules should
[44]
include the following pathological parameters : (1)
number; (2) distribution and extent; and (3) presence
of cancerous nodes in the distant adjacent liver
tissues, including multinodular HCC (MNHCC), which
may represent either intrahepatic metastases or de
novo HCC arising from a polycentric origin. Molecular
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is indicative for HCC, a scattered staining pattern for
ICC, a patchy staining pattern for HCA, and a cord-like
staining pattern for focal nodular hyperplasia, etc (B, I).

would assist with patient selection for LT. Specifically,
patients with MNHCC derived from multicentric
origins could be ranked in the waiting lists to receive
a LT, while those patients with monocentric MNHCC
would be better suited for interventional treatment or
[61]
targeted drug therapy using sorafenib .

MOLECULAR PATHOLOGICAL
DIAGNOSIS

Recommendation

Development of molecular classification techniques,
including the detection of molecular targets and
assessment of clonal origin, represents a promising new
development in the field. Although many new systems
based on molecular typing and predictive biomarkers
[52]
have been reported in the literature , validation of
their clinical significance is still required through the use
of controlled studies across multiple centers with large
sample sizes. Specifically, the selection, detection and
clinical significance of molecular targets for targeted
drug therapy for PLC are still under investigation, but
the results of preliminary clinical trials are worthy of
[53,54]
high expectations
. Regarding risk evaluation of
precancerous lesions, molecular identification may
be better suited than histopathological evaluation to
detect the genomic instability for hepatocarcinogenesis
and impact of clinical treatment modalities for patients
with precancerous lesions, such as HGDN and
[55]
HCA . Molecular pathology detection is conducive
to optimization and choice of clinical treatment
[56]
modalities .
Postoperative recurrence of HCC (RHCC) seriously
restricts the long-term curative effect of HCC treat
ments. Based on the clonal origin theory, a RHCC
may originate from either a monocentric (monoclonal)
origin or multicentric (polyclonal) origin. Theoretically,
interventional therapy and targeted drug therapy
are more suitable for RHCC that originate from
residual cancer cells (monoclonal origin) after initial
tumor resection, while repeated resections or liver
transplantation are more appropriate for RHCC of
multicentric origin that resembles a new primary
[57]
tumor arising from a de novo tumor clone . However,
due to long-term “latency” and “dormancy” of residual
cancer cells left in the liver after resection, monoclonal
recurrence may occur even in the so-called “late
period” (> 2 years) after surgical resection, clinically
coinciding with a special period for RHCC derived from
[58]
multicentric origins . Although other researchers have
proposed histological criteria for the clonal evaluation
[59]
of RHCC , the accuracy of such morphological criteria
requires further validation of the molecular detection.
The clonal origin theory of RHCC is also applicable
[60]
to MNHCC. Finkelstein et al
reported that posto
perative survival after LT was significantly better in
patients with multicentric MNHCC than in those with
monocentric MNHCC, indicating that genotyping has
the potential to serve as a reference for LT recipient
[61]
screening and prognostic evaluation. Gehrau et al
also recommended a diagnostic and therapeutic
roadmap based on the clonal detection of MNHCC that
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Evaluating the clonal origins of RHCC and MNHCC is vital
to developing individualized therapeutic regimens and
subsequently improving long-term clinical outcomes.
Therefore, assessing the clonal origins of RHCC and
MNHCC using molecular cloning methods may provide
objective references for the formulation of individualized
therapy plans (B, I).

CONCLUSION
A standardized pathological diagnostic process is the
first precondition required for a correct pathological
diagnosis, scientific clinical decision-making and
precision treatment of PLC from the origin. Considering
the high prevalence of PLC worldwide, especially in
China, we report updated guidelines for pathological
diagnosis of PLC, which includes standardized guidelines
for specimen fixation, 7-point baseline sampling
protocol and examination, a grading system for MVI in a
routine pathology diagnosis, and immunohistochemical
diagnostic panels, as well as molecular diagnostic
principles, such as the importance of clonal typing of
RHCC and MNHCC for determining therapeutic strategy
and evaluating clinical prognosis.
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REVIEW

Glycoproteins and glycoproteomics in pancreatic cancer
Sheng Pan, Teresa A Brentnall, Ru Chen
effectors and binding ligands, resulting in an increase
in pancreatic cancer invasiveness and a cancerfavored microenvironment. Recent advance in gly
coproteomics, glycomics and other chemical biology
techniques have been employed to better understand
the complex mechanism of glycosylation events and
how they orchestrate molecular activities in genomics,
proteomics and metabolomics implicated in pancreatic
adenocarcinoma. A variety of strategies have been
demonstrated targeting protein glycosylation and
polysaccharides for diagnostic and therapeutic deve
lopment.
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Core tip: Protein glycosylation plays an important role in
pancreatic tumorigenesis. Malignance induced changes
in protein glycosylation can profoundly impact the
function of a protein in multiple ways. One approach
for developing better diagnostic and therapeutic
strategies in pancreatic cancer involves targeting
cancer-associated aberrant glycosylation. This review
discusses the recent discoveries in glycoproteomics
study of pancreatic cancer.
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Abstract
Aberrations in protein glycosylation and polysaccha
rides play a pivotal role in pancreatic tumorigenesis,
influencing cancer progression, metastasis, immunoresponse and chemoresistance. Abnormal expression
in sugar moieties can impact the function of various
glycoproteins, including mucins, surface receptors,
adhesive proteins, proteoglycans, as well as their

WJG|www.wjgnet.com

INTRODUCTION
Pancreatic cancer is one of the most deadly cancers, in
part because detection of pancreatic cancer is difficult
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[13]

at its early stages when surgical and other treatments
[1,2]
are most effective . In addition, innate or adapted
drug-resistance has been a major hurdle in pancreatic
[3,4]
cancer chemotherapy . Malignance induced changes
in protein glycosylation, such N-glycosylation and
O-glycosylation, can profoundly impact the function
of a protein in multiple ways, including protein ma
turation, expression, localization, as well as posttranslational modifications, influencing a wide
spectrum of glycoproteins and their binding ligands.
One approach for developing better diagnostic and
therapeutic strategies in pancreatic cancer involves
targeting cancer-associated aberrant glycosylation.
Recent developments of technology in proteomics
and chemical biology have thus stimulated growing
interest in elucidating the complex glycosylation events
involved in pancreatic adenocarcinoma.

residues . One unique subclass of O-glycosylation is
[14]
the phosphorylation-like, reversible O-GlcNAcylation .
Less common forms of glycosylation include glycosyl
phosphatidylinositol anchors attached to protein
carboxyl terminus, C-glycosylation that occurs on
[15]
tryptophan residues
and S-linked glycosylation
[16]
through a sulfur atom on cysteine or methionine .
In addition to protein glycosylation, proteoglycans and
hyaluronan are major components of the extracellular
matrix (ECM), which are implicated in cell proliferation
and migration.
Most secretory and membrane-bound proteins
produced by mammalian cells contain covalently
linked sugar chains with diverse structures. The
glycosylation form and density of glycans on a
protein can be altered significantly in association with
changes in cellular pathways and processes resulted
from diseases, such as malignancy. In fact, altered
glycosylation patterns have long been recognized as
[17-22]
hallmarks in epithelial cancer
, including pancreatic
ductal adenocarcinoma (PDAC), which accounts
for about 90% of pancreatic cancer. Glycosylation
abnormalities can be characterized by one or both of
the following changes: (1) composition and structural
alterations of glycan; and (2) change in the density
of glycosylation at protein sites (hyper, hypo or neoglycosylation). Ultimately, malignant transforma
tion is usually associated with one or both of these
types of glycosylation alterations, leading to the
expressional and functional changes of tumor-specific
glycoproteins. Malignancy associated glycosylation
abnormalities can influence cancer cell proliferation,
invasion and viability, as well as interactions with
tumor micro environment. Disruption or inhibition of
glycosylation and carbohydrate-dependent cellular

PROTEIN GLYCOSYLATION AND ITS
IMPLICATION IN CANCER
Glycosylation is one of the most complex and common
[5,6]
forms of protein post-translational modifications .
It plays a pivotal role in many biological processes,
such as protein folding, cell adhesion and trafficking,
cell signaling, pathogen recognition and immune
[7-11]
response
. Protein glycosylation occurs in the
endoplasmic reticulum and Golgi apparatus in multiple
enzymatic steps. As illustrated in Figure 1, the most
common protein glycosylations are N-linked and
O-linked glycosylation. N-linked glycans are attached
to the amide group of asparagine residues in a
consensus Asn-X-Ser/Thr sequence (X can be any
[12]
amino acid except proline) . O-linked glycans are
linked to the hydroxyl group on serine or threonine
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[15,44-52]

pathways may represent potential modalities for
[23,24]
cancer therapies
. Receptor tyrosine kinases
(RTKs), which are transmembrane glycoproteins
that play important roles in malignancy and drug
resistance, have been targets of anti-cancer drug
development for various malignancies, including
[25,26]
pancreatic adenocarcinoma
. In addition, many
of the current blood-based tumor markers are gly
coproteins, including CA 19-9 for pancreatic cancer,
CA 125 for ovarian cancer, CA 15-3 for breast cancer,
and CA 242 for gastrointestinal cancer. CA 19-9, which
detects the epitope of sialyl Lewis (a) on mucins and
other adhesive molecules such as carcinoembryonic
[27-29]
antigen
, is widely used for monitoring the clinical
[30]
course of pancreatic cancer patients . To date,
while implication of aberrant protein glycosylation in
[21,31]
malignancy has been well recognized
, limited
information is available describing the site specific
glycoproteome changes associated with pancreatic
cancer.

glycosites)
. Figure 2 illustrates the overall
approaches for MS analysis of glycoproteins. Prior
to MS acquisition, glyco-enrichment strategies,
[53-56]
[57-60]
including lectin affinity
, hydrazide chemistry
,
[61]
[62]
boronic acid , size-exclusion chromatography ,
[63]
and hydrophilic interaction , may be applied to
enrich glycoproteins from complex biological samples,
and thus, enhance analytical sensitivity. The direct
analysis of intact glycopeptides with carbohydrate
attachments is analytically challenging, but allows
complementary identification of the peptide backbone
and the glycan structure in a single measurement,
providing site-specific glycosylation characterization
directly. However, this approach is complicated by the
mixed information obtained from the MS signals from
the peptide backbone, the carbohydrate group and the
combinations of both, and therefore, is largely limited
for analyzing purified glycoproteins or simple systems.
Alternatively, glycans, especially N-linked glycans,
can be enzymatically or chemically cleaved from
proteins or peptides and analyzed separately by MS.
Using glycan databases and bioinformatics tools, MS
analysis enables global identification of glycan species
in a complex biological sample. On the other hand,
de-glycosylated glycopeptides can also be profiled in
a global fashion using shotgun proteomics approach
to identify the amino acid sequence of the backbone
peptides. The N-glycosylation sites can be precisely
mapped using the consensus sequence of Asn-X-Ser/
Thr, in which asparagine is converted to aspartic acid
after PNGase F enzymatic cleavage, which introduces a
mass difference of 0.9840 Dalton for MS identification.
By defining the glycan structures and profiling the
glycoproteins in complex clinical samples, disease
associated aberrant glycan forms and site-specific
occupancy on proteins can be revealed. For quantitative
analysis, additional steps, such as differential stable
isotope labeling of the sample and controls, may be
required. Ultimately, to comprehensively address
disease associated aberrant glycosylation, all the data
obtained from different aspects of the workflow need
to be integrated, so that the full extent of glycosylation
changes with site-specific information can be better

GLYCOPROTEOMICS METHODS
A number of proteomics studies in pancreatic cancer
[32-39]
have been reported
. As a subfield of proteomics,
glycoproteomics uniquely focuses on analyzing glycosy
lated proteins to reveal glycoproteome alterations
associated with pancreatic cancer. The major challenge
for a comprehensive glycoproteomics analysis in a
clinical sample arises from the biological intricacy
within the molecule of a glycoprotein, including the
variety in glycan composition and structure, as well
as the complex linkage to the corresponding protein.
Mass spectrometry has been the most effective and
versatile instrument platform for both glycan and
protein analysis. Although various sample preparation
strategies may be applied to collect glycoproteins
or glycans from different biological specimens,
a glycoproteomics pipeline typically consists of
glyco-enrichment, MS analysis and bioinformatics
interpretation. The technical details of global analysis
of glycoprotein can be found in a number of reviews
[40-43]
on the subject of glycomics (analysis of glycans)
and glycoproteomics (analysis of glycoproteins and

WJG|www.wjgnet.com

9290

November 14, 2016|Volume 22|Issue 42|

Pan S et al . Glycoproteomics study in pancreatic cancer
[71]

revealed.

cancer associated signal . Although the detection of
increase level of fucosylated HP alone does not provide
sufficient accuracy for pancreatic cancer diagnosis,
it is possible that fucosylated HP might be used as
an indication of liver metastasis if the biomarker
[72,73]
undergoes further validation
. The changes in
protein fucosylation and sialylation in pancreatic
cancer were also investigated by analyzing intact
glycopeptides. Using immunoprecipitation, partial
deglycosylation and LC MS/MS, one study suggested
that the core-fucosylation levels at site N396 and
N1424 in alpha-2-macroglobulin (A2M) were decreased
in serum of both pancreatic cancer and chronic
[74]
pancreatitis compared to non-diseased controls .
The investigation of sialylated N-glycopeptide levels
in sera from pancreatic cancer patients in comparison
to non-diseased controls and acute pancreatitis
patients identified 13 glycoforms, mainly from highabundant serum proteins, with changes associated
[75]
with pancreatic cancer group . Mucinous cystic
neoplasms (MCN) and intraductal papillary mucinous
neoplasms (IPMN) are pancreatic cysts that are subject
to high risk of malignant transformation. Proteomic
and glycomic investigation of cyst fluids collected from
patients with MCN and IPMN led to the identification
of 80 N-linked glycans, and several hyper-fucosylated
glycoproteins, including triacylglycerol lipase and
[76]
pancreatic α-amylase .

DISCOVERY OF ABERRANT
GLYCOSYLATION IN BODILY FLUIDS
Identification and detection of abnormal protein
glycosylation associated with pancreatic cancer in
bodily fluids may present meaningful targets for cancer
detection. A variety of carbohydrates and glycoproteins
have been investigated for pancreatic cancer detection.
Currently, CA19-9 is the only clinical biomarker test for
[64]
management of pancreatic cancer . While CA19-9
is widely used for monitoring the clinical course of
cancer patients, it does not provide adequate accuracy
for pancreatic cancer diagnosis and early detection,
underscoring the importance of obtaining molecular
details on specific glycosylation events involved in
neoplastic progression. Mucin (MUC) proteins, including
MUC1, MUC5AC, and MUC16 are major protein carriers
of CA 19-9, and play important roles in pancreatic
cancer tumorigenesis, invasiveness and metastasis,
[28,65-67]
in part through their characteristic glycoforms
.
Changes of MUC1 and MUC5AC in pancreatic cancer
serum involved distinct glycan alterations, including
Thomsen-Friedenreich antigen and fucose and Lewis
[28]
antigens . The measurement of CA 19-9 antigen
on MUC1, MUC5AC and MUC16 individually did not
improve the performance of cancer detection, owing
to the biological heterogeneity of the patients in their
[68]
CA 19-9 protein carriers . However, the combined
measurement of standard CA 19-9 assay and the
detection of the CA 19-9 antigen on MUC5AC and
MUC16 did improve the performance of pancreatic
[68]
cancer detection .
In addition to CA19-9, other aberrant protein
glycosylations associated with pancreatic cancer have
also been investigated in bodily fluids. The glycosylation
of serum ribonuclease 1 (RNASE1) - another wellstudied pancreas associated protein, showed a 40%
[69]
increase in core fucosylation in pancreatic cancer .
Using Concanavalin A lectin affinity chromatography for
N-glycopeptide enrichment and LC MS/MS, one study
identified 92 individual glycosylation sites and 105
unique carbohydrate structures in serum, and observed
increased branching of N-linked oligosaccharides, as
well as increased protein fucosylation and sialylation in
[70]
the sera from pancreatic cancer patients . Increased
level of sialyl Lewis X of major serum acute-phase
proteins, including alpha-1-acid glycoprotein (AGP1
or ORM1), haptoglobin (HP), fetuin (AHSG), alpha1-antitrypsin (SERPINA1) and transferrin (TF) were
observed in the sera from patients with advanced
pancreatic cancer and chronic pancreatitis - an
alteration possibly associated with inflammatory
[71]
response . In addition, the observation of an increase
in core fucosylation on AGP1 and HP in the serum of
advanced pancreatic cancer may represent a potential
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GLYCOPROTEOMICS OF PANCREATIC
CANCER CELLS AND TISSUES
Known tumor-specific glycoproteins, such as mucins
and carcinoembryonic antigen-related cell adhesion
molecules, have been extensively studied for their
roles in neoplastic progression and metastasis of
[77-81]
pancreatic cancer
. The emerging technology
of glycoproteomics has been recently applied to
interrogate broader changes of glycoproteome in
pancreatic cancer cells and tissue. A large number of
cell surface proteins are transmembrane glycoproteins,
including many of cell-surface receptors such as RTKs,
which play pivotal roles in signaling, trafficking and
cell-cell interactions. These cell-surface receptors, such
as epithelial growth factor receptor (EGFR), integrins,
and TGF β receptor (TGFβR) have been important
targets for anti-cancer therapy, and their glycosylation
[82-85]
forms impact their functionality
. Using a biocytin
[86]
hydrazide cell surface capturing technique , or
azido sugar based bioorthogonal chemical reporter
[87]
for metabolic glycan labeling
for glycopeptide
enrichment, studies were carried out to profile N-linked
glycopeptides derived from surface glycoproteins of
[88,89]
pancreatic cancer cells using LC MS/MS
. The
[88]
studies indicated the overexpression of CD109
and
[89]
ecto-50-nucleotidase
in pancreatic cancer cells and
tissues. Using multi-lectin affinity chromatography
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and LC-MS/MS, another study investigated the
differential glycoproteins associated with pancreatic
+
+
cancer CD24 CD44 stem-like cells in comparison
+
[90]
with CD24 CD44 cells . The study indicated
that the high expression and high positive rate of
CD24 was significantly associated with late-stage
pancreatic adenocarcinomas, while CD13 expression
and positive rate were negatively associated with
tumor progression. By manipulating exogenous
substrate supply, a study reported that increases in
metabolic flux through the sialic acid pathway could
dramatically enhance the sialylation of certain N-linked
glycoproteins to influence cancer cell adhesive and
mobility properties of SW1990 pancreatic cancer
[91]
cells .
Glycoproteomic techniques were also applied to
investigate the glycoproteome of pancreatic cancer
tissues. In our study, we observed an overall increase
in N-glycosylation level on many glycoproteins in
[92]
PDAC tissue in comparison with normal pancreas .
Supplemental Table 1 summarizes some of the
glycoproteins with at least one N-glycopeptide
overexpressed (≥ 2 fold) in pancreatic cancer,
including many pancreatic cancer associated proteins,
such as MUC5AC, carcinoembryonic antigen-related
cell adhesion molecule 5, insulin-like growth factor
binding protein (IGFBP3), cathepsin D (CTSD), as
well as a number of CD antigens (including CD44 a marker of pancreatic cancer stem-like cells) and
integrins. Pathway analysis suggested that increased
N-glycosylation activities of these proteins were
implicated in several pancreatic cancer pathways,
[92]
including TGF-β, TNF, and NF-kappa-B . Other
glycoproteins, such as Thy-1 membrane glycoprotein
(THY1), which was recently developed into an
ultrasound molecular imaging marker for pancreatic
[93]
cancer detection , was found heavily N-glycosylated
in pancreatic cancer tissues. Further mapping of
N-glycosylation sites revealed that the change of
N-glycosylation level in pancreatic cancer was not
only protein specific, but also glycosylation site
specific. Specific N-glycosylation sites within certain
individual proteins can have significantly altered
glycosylation occupancy (e.g., a change in glycan
density) in pancreatic cancer, reflecting the complex
nature of glycosylation events underlying pancreatic
tumorigenesis. Notably, the increase of N-glycosylation
of many of these proteins was also found in chro
nic pancreatitis tissue, supporting the notion that
pancreatic cancer and chronic pancreatitis share
[94-98]
many common clinical and molecular features
.
It is also noteworthy to mention that in contrast to
many glycoproteins with increased N-glycosylation,
pancreatic secretory granule membrane major
glycoprotein (GP2) - a pancreas specific glycoprotein,
showed a reduced N-glycosylated level in both cancer
and chronic pancreatitis tissues. While the global data
have revealed the aberrant N-glycosylation changes of
many relevant proteins in pancreatic cancer tissues,
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the orchestrated glycosylation mechanism underlying
pancreatic tumorigenesis, immune response and
pancreatic functional changes, remains poorly
understood and warrant further investigation.

MUCIN GLYCOSYLATION
Mucins are high molecular weight glycoproteins
produced by various epithelial cells, and have 21
family members. The mucins are heavily glycosylated
in O- and N-linked glycosylation and implicated
in PDAC through their characteristic glycoforms
influencing tumorigenicity, invasiveness, metastasis
and drug resistance. Mucins have been extensively
studied in PDAC, and showed various expressional
and glycosylation changes not only in pancreatic
carcinoma, but also in pancreatic intraepithelial
[66,67,99]
neoplasia (PanIN), IPMN and MCN
. Several
mucins, including MUC1, MUC4, MUC5AC and MUC16,
are frequently upregulated in PDAC. Mucin core protein
expression and the differential localization in PDAC and
its precursor lesions have been well documented in the
[66,67,100-103]
literature
. In addition, mucin glycoforms also
play an important role in modulating their functionality
in tumorigenesis as well as cancer cell interaction
with the tumor microenvironment. In fact, the glycan
component can make up more than 50% of the
molecular weight of a mucin glycoprotein.
The glycosylation of cancer associated mucins
is largely associated with Tn antigen, sialyl Tn and
fucosylated core 1 structures, forming the so-called
[104]
tumor-associated antigens
. Altered glycoforms of
MUC1, MUC4 and MUC5AC were observed early in
pancreatic cancer progression (PanINs) to late stage
[105]
metastatic disease
. The elevation of fucosylated
core structures, fucose and Lewis antigen have
frequently been detected on MUC1 and MUC5AC in
[28]
the blood from patients with pancreatic cancer .
Additionally, MUC16 and its sialofucosylated
structures were reported overexpressed in pancreatic
cancer cell and acted as a functional ligand for Eand L-selectin to enhance cancer cell metastatic
[106]
spread
. By stimulating pancreatic cancer cells
with pro-inflammatory conditions, such as oxidative
stress and cytokines, mucin glycosylation can be
significantly altered in specific pancreatic cancer cell
lines, suggesting a possible molecular link between
inflammation, glycosylation alteration and adaptive
[107]
responses of those pancreatic cancer cells . Efforts
have also been made to use proteomic approaches
to prolife mucins in cyst fluids to enhance the discri
mination of malignant pancreatic cyst lesions from
[108]
those that are benign .

ECM GLYCOPROTEINS,
PROTEOGLYCANS AND HYALURONAN
In our proteomic study, we observed a large group of
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[92,94]

ECM associated proteins overexpressed in pancreatic
[97]
cancer and chronic pancreatitis tissues . Many of
these proteins are glycoproteins and are involved in
stellate cell activation and ECM organizational and
structural changes, which regulate pancreatic fibrosis
- one of the fundamental histological abnormalities
observed in pancreatic adenocarcinoma and chronic
pancreatitis. ECM components, including matrix
proteins, proteoglycan proteins, galectins and hya
luronan, which interact with each other and form
supramolecular complexes, are subjected to alterations
during cancer progression, leading to cancer asso
[109-115]
ciated ECM
. Abnormal protein glycosylation
can significantly affect the mechanical properties of
[110,116]
ECM, enhancing tumor cell migration
. Studies
have shown that ECM components associated with
integrin-ECM axis are highly up-regulated in pancreatic
[117]
cancer
. The glycoforms of integrins, such as the
presence of N-linked oligosaccharides, can regulate
integrin function, affecting the cell-ECM interactions. In
pancreatic cancer tissues, we observed increased levels
of N-glycosylation, not only on several integrins (both
α and β subunits), but also on ECM adhesion proteins,
including collagens, fibronectin, vitronectin, and laminin
[92]
(Supplemental Table 1) . These observations warrant
mechanistic study to better understand how aberrant
glycosylation of integrins and ECM adhesion ligands
influence pancreatic cancer migration and malignant
phenotypes. Galectins and fibulins play a role in
organization of ECM supramolecular structure, such
as basement membranes, by forming intramolecular
bridges, binding to complex carbohydrates and ECM
[118-120]
adhesive proteins
. The core protein expression
and N-glycosylation level of fibulin 1 were both found
[92,97]
up-regulated in pancreatic cancer tissues
. Galectin
1 (LGALS1) is a human extracellular lectin that spe
cifically binds to β-galactoside sugars, including Nand O-linked glycans. Galectin 1 was overexpressed
in the stroma of both pancreatic cancer and PanINs
[121]
lesions , and its expression was related to pancreatic
[122,123]
cancer survival
. Concurrently, the N-glycosylation
level of endogenous ligands of galectin-1 in the ECM,
including fibronectin (FN1), laminins and galectin-3binding protein (LGALS3BP), were all up-regulated
in pancreatic cancer tissue (Supplemental Table 1),
implying an intensified interaction of galectins and
[92]
their major binding partners in pancreatic cancer .
Periostin (POSTN), an ECM protein involved in cell
[124]
mobility and neovascularization
, has both upregulated core protein expression and N-glycosylation
[92,97]
levels in pancreatic cancer tissue
. Cathepsins are
proteases that are implicated in cancer invasion by
degrading ECM, including proteoglycans and collagens.
We observed up-regulation of both core protein
expression and N-glycosylation level of cathepsins
(CTSD, CTSL) (Supplemental Table 1) in pancreatic
cancer tissue, suggesting its possible functional role in
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pancreatic tumorigenesis
.
Proteoglycans are heavily glycosylated proteins
with serine attached glycosaminoglycans (GAGs),
such as heparan sulphate and chondroitin sulphate
(Figure 1). Proteoglycans are an important component
of ECM and affect multiple biological processes,
including cell differentiation and proliferation, binding
to cytokines, growth factors and morphogens.
During tumorigenesis, the expression and glycosylation
patterns of proteoglycans change in the stroma
surrounding cancer, influencing tumor growth and
[125]
neoplastic progression
. In proteomics and other
studies, the increased expression of proteoglycan
proteins, including lumican, decorin, versican, and
biglycan, has been observed in pancreatic cancer
[97,121,126-130]
tissues or cells
. Since GAGs are large,
linear polysaccharides, to a certain extent, the
biological function of proteoglycans can be governed
by the interaction of the attached GAGs with other
proteins. Most of proteoglycans also contain N- and
O-linked glycans. In a quantitative glycoproteomics
study, N-glycosylation levels of several major ECM
proteoglycans, including decorin (DCN), biglycan
(BGN), lumican (LUM), versican (VCAN), and aggrecan
(ACAN), were found elevated in pancreatic cancer
[92]
tissues (Supplemental Table 1) .
Hyaluronan is a non sulfated glycosaminoglycan
that is not covalently attached to proteoglycans and
[131]
can have a very high molecule weight
. CD44 and
receptor for HA-mediated motility are the two main
receptors for the anchorage of hyaluronan-rich ECM to
[132,133]
the cell surface
. Although it has relatively simple
chemical composition, as one of the major components
of ECM, hyaluronan is involved in promoting pancreatic
[132-134]
cancer progression and chemoresistance
. Aberrant
production and deposition of hyaluronan provide a
favorable microenvironment to enhance cancer cell
proliferation, migration, invasion, angiogenesis, and limit
[134-137]
the delivery of anti-cancer agents
. Studies have
also shown that the interaction between hyaluronan
and its CD44 receptor is involved in the stemness and
[138]
survival of cancer stem cells , and may be relevant
+
+
to pancreatic cancer CD24 CD44 stem-like cells.

IMPLICATIONS IN ANTI-CANCER DRUG
DEVELOPMENT
Protein glycosylation has become a prominent target
for drug development. One strategy involves dis
ruption of the protein glycosylation process, such as
inhibition of glycosylation enzymes and hexosamine
biosynthetic pathway, to reduce pancreatic cancer
[23,24]
progression and tumor growth
. Silencing O-GlcNAc
transferase has shown to inhibit pancreatic cancer
[139]
growth . Inhibition of N-glycosylation can influence
the maturation and surface expression of RTKs
(e.g., EGFR, IGF1R), and enhance chemosensitivity
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[82]

of drug-resistant pancreatic cancer cells . Lewis-Y
carbohydrate antigen is expressed by many epithelial
[24,140]
cancers, including pancreatic cancer
, and has been
a target for cancer vaccines and immunoconjugated
[141,142]
chemotherapy
.
Mucins (especially MUC1, MUC4, MUC5AC, MUC16)
are an important group of glycoproteins in pancreatic
cancer and have been targeted for therapeutic
treatment. Multiple efforts have been made to develop
MUC peptide based vaccination for pancreatic cancer,
[99]
unfortunately with no significant clinical effects . New
data suggests that it may be important to incorporate
cancer associated glycoforms in the vaccine design
so that the specific immunogenic epitopes expressed
[143-145]
in tumors can be better mimicked
. Other
mucin based targeted therapeutic approaches include
radioimmunoconjugate of MUC1 antibodies and gene
therapy designed to suppress MUC1 or mucin gene
[99]
promoters .
The ECM is consisted of various biopolymers,
and plays a pivotal role in cancer invasion and meta
stasis. Several anti-cancer therapeutic strategies
targeting different ECM components have been
considered, including inhibition of heparanase and
proteases, anti-integrin therapy, and inhibition of
[146]
GAGs of proteoglycans
. In addition, anti-cancer
therapies targeting hyaluronan metabolic enzymes
and hyaluronan-CD44 interactions have also been
[147,148]
investigated
. In pancreatic cancer, recent studies
demonstrated that depletion of stromal hyaluronan
surrounding tumor improved drug delivery and
significantly enhanced the efficacy of gemcitabine
[134,137,149]
treatment
.

technical obstacles may be transient. Nonetheless,
many strategies have been demonstrated to target
protein glycosylation and polysaccharides for diagnostic
and therapeutic gains in pancreatic cancer. These studies
have laid foundation and will provide experimental
guidance for future investigations.
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Molecular mechanism of action of anti-tumor necrosis
factor antibodies in inflammatory bowel diseases
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Abstract

Ulrike Billmeier, Walburga Dieterich, Markus F Neurath,
Raja Atreya, Medical Clinic 1, Friedrich-Alexander-Universität
Erlangen-Nürnberg, 91054 Erlangen, Germany

Anti-tumor necrosis factor (TNF) antibodies are
successfully used in the therapy of inflammatory bowel
diseases (IBD). However, the molecular mechanism of
action of these agents is still a matter of debate. Apart
from neutralization of TNF, influence on the intestinal
barrier function, induction of apoptosis in mucosal
immune cells, formation of regulatory macrophages
as well as other immune modulating properties have
been discussed as central features. Nevertheless,
clinically effective anti-TNF antibodies were shown
to differ in their mode-of-action in vivo and in vitro .
Furthermore, the anti-TNF agent etanercept is effective
in the treatment of rheumatoid arthritis but failed to
induce clinical response in Crohn’s disease patients,
suggesting different contributions of TNF in the
pathogenesis of these inflammatory diseases. In the
following, we will review different aspects regarding the
mechanism of action of anti-TNF agents in general and
analyze comparatively different effects of each antiTNF agent such as TNF neutralization, modulation of
the immune system, reverse signaling and induction of
apoptosis. We discuss the relevance of the membranebound form of TNF compared to the soluble form
for the immunopathogenesis of IBD. Furthermore,
we review reports that could lead to personalized
medicine approaches regarding treatment with antiTNF antibodies in chronic intestinal inflammation, by
predicting response to therapy.
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[14,15]

been described for the therapy of UC patients
.
Nevertheless, the molecular mechanism of action of
TNF agents is still discussed and not all commercially
available anti-TNF antagonists are effective in the
therapy of IBD patients. Regarding the mechanism
of action, TNF neutralization, diverse effects on the
immune system, outside-to-inside signaling and
importantly, induction of direct or indirect apoptosis
have been suggested. Furthermore, first studies
focusing on successful prediction of clinical response
have been conducted, either via expression of various
[16,17]
biomarkers
or by endoscopic in vivo molecular
[18]
imaging . In this review, TNF biology and different
anti-TNF antibodies will be assessed, and the results
of different aspects of the biological function of antiTNF agents for the treatment of IBD will be discussed.

factor (TNF) therapy, it is mandatory to understand the
pleiotropic effects of these agents. Herein, we overview
and discuss several immunological targets of anti-TNF
antibody application and highlight the most important
findings.
Billmeier U, Dieterich W, Neurath MF, Atreya R. Molecular
mechanism of action of anti-tumor necrosis factor antibodies
in inflammatory bowel diseases. World J Gastroenterol 2016;
22(42): 9300-9313 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9300.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9300

INTRODUCTION
Inflammatory bowel diseases (IBD) are chronic infla
mmatory disorders mainly affecting the gut. The two
main forms are Crohn’s disease (CD) and ulcerative
colitis (UC) that differ in several aspects, e.g. regarding
the location and distribution of inflammation and in
the mucosal cell populations involved in the immune
reaction. CD is a segmental, transmural disorder that
can affect the whole gastrointestinal tract and type 1
T helper cells have been associated to be involved in
[1]
the pathogenesis . In contrast, UC is characterized by
continuous inflammation of the colon, and a modified
[2]
Th2 cytokine profile has been described . Additionally,
the recently described Th17 cells have been reported
[3]
to be present in both CD and UC . However, the
precise etiology of IBD is still a matter of debate but
there is general consensus that genetic predisposition,
environmental factors and immunological dysfunction
of tolerance against the intestinal microflora are
[4]
involved in the immunopathogenesis . In this regard,
mucosal CD4+ T cells as key mediators in driving
immune responses are critically involved in the patho
genesis of IBD and in accordance, a high number of
infiltrating T lymphocytes can be found in both CD and
[5]
UC in the gut . Furthermore, recent studies strongly
suggest that the proinflammatory cytokine tumor
necrosis factor (TNF) is one of the major pathogenic
cytokines involved in the pathogenesis of IBD as
elevated levels of TNF are present in the serum of both
[6]
UC and CD patients . In addition, an elevated number
of TNF-secreting cells in the inflamed mucosa of IBD
[7-9]
patients has been repeatedly reported
. Herein,
lamina propria mononuclear cells (LPMCs) isolated
from colonic biopsies from IBD patients spontaneously
produced increased amounts of TNF which correlated
with the degree of tissue involvement and mucosal
[10]
inflammation , strengthening the importance of TNF
in the inflamed gut.
In accordance, application of antibodies targeting
TNF in IBD patients have been shown to induce
clinical response in up to 60% of CD patients, and
inducing long-term maintenance of remission in a large
[11-13]
amount of patients
. Comparable results have also
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TNF BIOLOGY AND ITS SIGNALING
PATHWAY
TNF is a crucial mediator in driving inflammatory
processes in the gut. It is produced by a variety of
mucosal cells, mainly macrophages and T cells, as
[19]
a preform on the plasma membrane . In addition,
Paneth cells in CD affected segments of the terminal
ileum were shown to strongly express TNF RNA in
contrast to Paneth cells in normal tissue, indicating
[20]
an induction under pathogenic conditions . The
transmembrane precursor form (mTNF), a homotrimer
of 26 kDa subunits, is cleaved by the matrixmetallo
proteinase TNF alpha converting enzyme (TACE/
Adam17) into a soluble form (sTNF, a homotrimer of
[21-23]
17 kDa monomers)
. The expression of mTNF by
CD14+ macrophages has been reported to be relevant
[24]
in IBD (Figure 1).
Both forms of TNF are biologically active and
signal through two distinct receptors that differ in
molecule mass: the 55-kDa TNFR1 (TNFRSF1A/
CD120a) and the 75-kDa TNFR2 (TNFRSF1B/CD120b)
[25]
glycoproteins . TNFR2 is mainly expressed on
lymphocytes and endothelial cells, whereas TNFR1 is
ubiquitously expressed and possesses an intracellular
[26]
death domain . TNF and its receptors are crucially
involved in the pathogenesis of IBD. For example,
elevated levels of the soluble form of TNFR1 and
TNFR2 have been detected in both CD and UC patients
[27]
and their expression correlated with disease activity .
Signal transduction of the membrane-bound form
of TNF can be transmitted through both TNFR1
and TNFR2, whereas sTNF mainly signals through
TNFR1. Binding affinity studies revealed that sTNF
[28]
preferentially binds to TNFR1 with higher affinity .
[29]
In contrast, TNFR2 is mainly activated by mTNF .
Activation of TNFR1 by TNF induces an intracellular
signaling cascade with pleiotropic effects involving
apoptosis, cell proliferation or cytokine secretion.
Activation of the nuclear factor kappa B (NFκB)
following stimulation of TNFR1 results in translocation
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A

B

50 μm
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Figure 1 Expression of membrane-bound tumor necrosis factor in the gut. Gut tissue of patients with Crohn’s disease (CD) was cryo-frozen and stained for cell
markers by immunofluorescence. Nuclei were counterstained with DAPI. A: Staining for mTNF (green). B: Staining for mTNF (green) and CD14 (red). Co-expressing
cells are labeled with an arrow.

to the nucleus and transcriptional upregulation of
several genes such as IL-8, IL-1, IL-6, COX2 and
[21]
TNF . Alternatively, TNFR1 can activate a Caspase-8
dependent signaling pathway via FADD resulting
in apoptosis. The TNFR2 pathway does not contain
a death domain and its stimulation can result in
proliferation, migration and cytokine production such
as IL-1 and IL-6. Furthermore, binding of mTNF to
TNFR2 not only activates an intracellular signaling
pathway, but can also result in reverse signaling within
[30]
the TNF-expressing cell which will be later discussed
in detail.
The role of the receptors of TNF in the pathogenesis
of IBD remains only partly understood. A study using
a colitis mouse model suggests that both TNFR1
and TNFR2 have protective functions in intestinal
[31]
inflammation . Herein, intestinal inflammation was
provoked by oral application of dextran sulfate
in mice deficient for TNFR1 or TNFR2 as well as
wildtype controls. TNFR1 or TNFR2 ablation resulted
in exacerbation of colitis, possibly due to increased
[31]
apoptosis of colonic epithelial cells . However, in
other studies a central role of TNFR2 in mucosal
inflammation has been proposed. For example,
mutations in the gene of TNFR2 have been linked
[32,33]
with IBD
, suggesting that this polymorphism
could increase the disease risk. In accordance, its
overexpression drives inflammation in a transgenic
mouse stain overexpressing human TNFR2, causing
a severe multiorgan inflammatory syndrome mainly
[34]
affecting liver, pancreas, kidney and lung . Regarding
IBD, TNFR2 expression was found to be upregulated
on lamina propria and peripheral blood T cells in
[35]
patients with CD . In accordance, TNFR2 was found
to promote experimental colitis. Herein, T cells
overexpressing TNFR2 were transferred into SCID
mice that do not express T and B cells. In comparison
to SCID mice that received wildtype T cells, transfer
of T cells overexpressing TNFR2 resulted in more
severe colitis and enhanced expression of T helper
[35]
cells type 1 , underlining the importance of TNFR2 in
intestinal inflammation. It could moreover be shown
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that activation of mucosal TNFR2 expressing CD4+ T
cells by mTNF expressing CD14+ led to heightened
resistance of the intestinal lymphocytes to apoptosis,
resulting in perpetuation of chronic intestinal infla
[24]
mmation in IBD .

STRUCTURE AND APPLICATION OF
ANTI-TNF ANTIBODIES
Infliximab

In 1998, infliximab (Remicade®) was the first antibody
targeting TNF to be approved in the United States for
the treatment of CD and later for the treatment of UC.
It is a chimeric monoclonal antibody with 25% murine
and 75% human sequences. Infliximab therapy is
intravenously initiated at weeks 0, 2 and 6 and then
applied every 8 wk for maintenance of remission. The
[6]
starting concentration for both CD and UC is 5 mg/kg .

CT-P13

The infliximab biosimilar CT-P13 (Remsima®, Inflectra®)
was approved in Europe for the treatment of both
CD and UC based on a comprehensive non-clinical
comparability exercise and extrapolation of clinical data
from two studies with rheumatoid arthritis patients.
The biosimilar product is highly similar to its originator
biological drug infliximab and is therefore clinically
used in the same way.

Adalimumab

In contrast to infliximab, adalimumab (Humira®) is a
monoclonal human antibody produced by CHO cells.
It is approved for the treatment of both CD and UC.
Adalimumab is administered subcutaneously and can
be injected by the patient himself. At therapy initiation,
adalimumab is administered at 160 mg and then 80
mg two weeks later. For maintenance of remission
adalimumab is administered every 2 wk at 40 mg.

Golimumab

In 2013 golimumab (Simponi®), a fully human mono
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Figure 2 Mechanism of action of anti-tumor necrosis factor antibodies in inflammatory bowel disease. Schematic illustration of different modes of action of
anti-TNF antibodies in inflammatory bowel diseases. TNF: Tumor necrosis factor; mTNF: Membrane-bound TNF; sTNF: Soluble TNF; TNFR: TNF receptor; NK cell:
Natural killer cell; ADCC: Antibody-dependent cellular cytotoxicity; CD: Crohn’s disease; CDC: Complement-dependent cytotoxicity; LPS: Lipopolysaccharide.
[39]

subcutaneously applied twice per week . Etanercept
is therefore not approved for treatment of CD.

clonal antibody was approved for the treatment
[36]
of UC . Like adalimumab, it is administered sub
cutaneously. The induction dose is 200 mg and then
100 mg two weeks later. Maintenance of remission is
achieved by 50 mg (< 80 kg body weight) and 100
mg (≥ 80 kg bodyweight) every 4 wk.

MECHANISM OF ACTION OF ANTI-TNF
ANTIBODIES
Although anti-TNF antibodies are approved for the
therapy of IBD and other inflammatory diseases for
many years, the mechanism of action is still a matter
of debate. Initially, it was suggested that anti-TNF
agents inactivate the proinflammatory cytokine TNF by
direct neutralization, thus resulting in suppression of
inflammation. Given the complexity of TNF signaling,
a lot of studies indicate that anti-TNF antibodies exert
more complex functions beyond simple blockade.
Furthermore, functional characterization of etanercept
and other anti-TNF agents can elucidate the signaling
pathways that are important in IBD in contrast to other
autoimmune diseases such as rheumatoid arthritis. In
the following part we will list several described effects
of anti-TNF antibody therapy that are suggested to be
relevant in IBD (see also figure 2).

Certolizumab pegol

Certolizumab pegol (Cimzia®), a PEGylated humanized
Fab’ fragment is approved for the treatment of CD in
[37]
the United States and Switzerland
but not by the
European Medicines Agency. In contrast to the other
anti-TNF antibodies, this agent does not possess a
Fc fragment and correspondingly, is not recognized
by Fc receptors. The subcutaneous administration
is performed at week 0, 2 and 4 with 400 mg. For
maintenance of remission, certolizumab pegol is given
every 4 wk in a dose of 400 mg.

Etanercept

Etanercept (Enbrel®) is a chimeric fusion protein
that consists of the p75 part of TNFR2 and a human
IgG1 Fc domain. Importantly, in combination with
methotrexate, etanercept has similar efficacy in the
therapy of rheumatoid arthritis as infliximab and
[38]
adalimumab . It nevertheless failed to be effective
in a clinical study with CD patients, when 25 mg were
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TNF NEUTRALIZATION
Although all anti-TNF agents have the same target, the
affinity of the antibodies to TNF has been reported not
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the question to what extent the binding of etanercept
to mTNF expressing cell lines represents the situation
in vivo. Furthermore and in discrepancy to the above
mentioned study, etanercept was shown to form
relatively unstable complexes with sTNF, resulting in
fast release of dissociated TNF in contrast to infliximab
that bound to both sTNF and mTNF by forming
[44]
stable complexes with high stability . However,
interpretations of all presented data have to take into
account the different cells, methods and techniques
used for respective assessment of affinity, which could
have a profound effect on the data obtained.
Importantly, another aspect is the variation of the
different anti-TNF agents in regard to cross-linking
towards mTNF. Herein, it has been reported that up
to three infliximab molecules can bind to each TNF
homotrimer. In contrast, etanercept was shown to bind
to TNF trimer in a 1:1 ratio, suggesting that not all
[44]
binding sides are blocked . This aspect together with
the fact that infliximab forms more stable complexes
[44]
with mTNF
is a possible explanation why infliximab
is effective in the therapy of IBD, whereas etaner
cept failed to show any clinical efficacy in a trial with
Crohn’s disease patients and is therefore not approved
for IBD treatment. Recent findings indicate that the
neutralization of mTNF rather than sTNF is crucial in
the therapy of IBD. For example, in a mouse model of
IBD the neutralization of sTNF alone was ineffective,
in contrast to anti-TNF antibodies that block both sTNF
and mTNF, indicating that neutralization of mTNF is
[45]
crucial in the therapy of IBD . The pivotal role of
mTNF was further demonstrated in an experimental
colitis model by transferring CD4+ T cells into RAG2
[46]
deficient mice . Herein, by transferring TNF mutant T
cells, disease activity was compared in absence of TNF,
in absence of sTNF and in presence of both sTNF and
mTNF. Whereas the expression of TNF was essential
for the induction of colitis, the absence of sTNF did
[46]
not protect the mice from intestinal inflammation ,
clearly underlining the pathogenic role of mTNF in the
pathogenesis of mucosal inflammation in the intestine.

Table 1 Comparison of affinity to tumor necrosis factor by
anti-tumor necrosis factor agents
Target
sTNF
sTNF
mTNF
mTNF
mTNF
mTNF
sTNF

Method /source

Affinity

SPR
GOL = ETA > IFX > ADA
SPR
ETA > ADA = IFX
mTNF-expressing cells (Sp2/
IFX = ADA = ETA
0-11A5-1 myeloma cells)
mTNF-expressing cells (K2 IFX = GOL > ADA > ETA
murine myeloma cells)
PBMCs (T cells)
IFX = ADA > Certo >>
Flow cytometry
No binding of ETA
PBL
IFX >> No binding of
Flow cytometry
ETA
Immunoassay
IFX > ETA (rapid
dissociation)

Ref.
[40]
[41]
[41]
[40]
[42]
[43]
[44]

ADA: Adalimumab; ETA: Etanercept; GOL: Golimumab; IFX: Infliximab;
Certo: Certolizumab pegol; PBL: peripheral blood lymphocytes; TNF:
Tumor necrosis factor; mTNF: Membrane-bound TNF; sTNF: Soluble TNF;
SPR: Surface plasmon resonance.

Table 2 Comparison of avidity to tumor necrosis factor by
anti-tumor necrosis factor agents
Target
sTNF

Method/source

KinExA
(automated flow immunoassay system)
mTNF
[44]
®

Avidity

Ref.

ETA > ADA
IFX
IFX > ETA

[41]
[44]

ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab; TNF: Tumor
necrosis factor; mTNF: Membrane-bound TNF; sTNF: Soluble TNF.

to be equal. An overview of respective affinities and
avidities of anti-TNF agents is given in Tables 1 and 2.
In TNF bioassays, infliximab, etanercept, adalimumab,
certolizumab pegol and golimumab all neutralize
[23]
sTNF . However, using the method of surface plasmon
resonance, golimumab was shown to bind to soluble
TNF with a similar affinity as etanercept, but with
greater affinity than infliximab and adalimumab,
the later showing the weakest affinity in the used
[40]
setting . However, affinity of adalimumab and
infliximab were reported to be similar although less
[41]
compared to etanercept in another study . Regarding
avidity, etanercept was shown to bind to sTNF with
a 10- to 20-fold greater avidity as compared to
[41]
adalimumab or infliximab .
For mTNF, affinity of anti-TNF antibodies has been
[40,41]
reported to be lower than to sTNF
. Using mTNFtransfected cells, binding affinities of infliximab,
adalimumab and etanercept were shown to be
[41]
similar . In contrast, affinities for golimumab and
infliximab to another mTNF-expressing cell line were
comparable and greater than that of adalimumab,
whereas all three anti-TNF agents had significantly
[40]
greater affinity than etanercept . Furthermore, in
other studies binding of etanercept to mTNF could not
be detected, perhaps due to the fact that peripheral
blood mononuclear cells (PBMCs) and not cell lines
[42,43]
stably expressing mTNF were examined
, arising
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MODULATION OF THE IMMUNE SYSTEM
Cytokines

Cytokines as mediators of inflammation are in
imbalance in IBD. On the one hand proinflammatory
[1-3,6]
cytokine levels such as TNF, IL-13, IL-17 or IFN-γ
are elevated and drive the massive tissue damage
in the gut. On the other hand, anti-inflammatory
cytokines that usually regulate overwhelming immune
reactions are supposed to be also involved in the
pathogenesis of IBD. For example, mice deficient
of IL-10 spontaneously develop a chronic intestinal
inflammation, which is dependent on the influence
[47]
of the microflora . Interestingly, the enterocolitis
exacerbates in mice deficient for both IL-10 and TNF,
indicating that TNF has some protective effects in this
[48]
context . Crucial mediators of inflammation in the gut
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T helper cell subsets

are neutrophils and granulocytes that accumulate
in inflamed areas and secrete proinflammatory
cytokines, chemokines and recruit effector cells
to the side of inflammation. In this setting, Agnholt
[49]
et al
reported that GM-CSF, a growth factor for
granulocytes and neutrophils, was decreased in CD
patients after application of infliximab. In accordance,
also reduced peripheral blood neutrophils and
diminished infiltration of polymorphonuclear cells
in the lamina propria were observed after anti-TNF
application. Furthermore, in vitro experiments using
an intestinal T cell culture system showed that GMCSF secretion by T cells was inhibited by infliximab,
suggesting direct effects of infliximab on T cells. Apart
from GM-CSF, the release of the proinflammatory
cytokine IL-1 beta after stimulation of human mono
cytes with lipopolysaccharide (LPS) was inhibited by
anti-TNF agents. Herein, certolizumab pegol was the
most potent inhibitor. Infliximab and adalimumab
were also able to inhibit IL-1 beta release at higher
concentrations whereas etanercept only partially
[50]
prevented IL-1 beta release . Furthermore, in vitro
analysis using PBMCs from patients with UC showed
that incubation of the cells with infliximab inhibited
secretion of the proinflammatory cytokines IFN-γ,
[51]
IL-13, IL-17A and TNF , cytokines reported to be
critically involved in the pathogenesis of IBD. In
addition, infliximab reduced the expression of TNF,
IL-1, IL-6 and IL-8 by LPS-stimulated monocytes in
[21,52]
vitro
. In addition, the key Th1 cytokine IL-12 and
the anti-inflammatory cytokine IL-10 were described
to be affected by anti-TNF antibodies. Monocytes that
were isolated from blood of healthy controls or CD
patients expressed less IL-10 or IL-12 when they were
incubated in the presence of adalimumab or infliximab,
[53]
whereas etanercept had no effect in this setting .
Interestingly, a recent study analysed the regula
tion of 14169 different genes by anti-TNF antibodies
and compared the changes in anti-TNF responders
versus non-responders. Intestinal biopsies from CD
[54]
patients were used and compared to controls . They
identified some genes that were regulated by anti-TNF
treatment, such as IL-6, CD69, GPR183 and MMP9.
Interestingly, the proinflammatory cytokine IL-6 was
downregulated by anti-TNF agents but independently
of clinical response to therapy. Of note, IL-1 beta and
IL-17A were found to be significantly upregulated
in patients with active CD and patients refractory to
anti-TNF, in accordance with an enhanced Th17 cell
[3]
population in IBD , thereby representing possible
targets in anti-TNF refractory patients. In contrast
[55]
to this study, Katz el al
found IL-17 levels not to
be affected by anti-TNF therapy in CD patients but
showed IL-2 to be significantly decreased during antiTNF therapy. These contradictory findings may reflect
biological differences between gene expression and
protein expression.
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T cells are critically involved in the pathogenesis of
IBD and therefore, modulation of immune responses
by influencing the presence of T helper cell subsets
is suggested to be an important effect of anti-TNF
agents. Response and clinical remission could be
the result of either a reduction in proinflammatory
T cell subsets such as Th1, Th2 or Th17 cells or an
enhanced presence of anti-inflammatory T helper cells,
or both. In this regard, several studies investigated
the number of pro- and anti-inflammatory T helper
cell subsets before and after anti-TNF therapy. The
influence of infliximab in vitro on isolated T cells from
the peripheral blood of UC patients was examined
[51]
by Dahlén et al . The T cell activation marker
CD25 was reduced on both CD4+ and CD8+ blood
T cells and their proliferation was inhibited after
incubation with infliximab. In accordance, the levels
of proinflammatory cytokines such as IFN-γ, IL-13,
IL-17A, TNF and granzyme A were inhibited. The
authors also investigated effects of infliximab on
regulatory T cell populations; however, the results
[51]
regarding CD4+ Foxp3+ T cells were ambiguous .
Importantly, effects of infliximab on blood or mucosal
T cells were shown not to be identical. Herein, Li
[56]
et al
described that infliximab therapy resulted in
an increase in CD4+CD25+Foxp3+ and CD4+CD25Foxp3+ regulatory T cell populations in the blood of
both UC and CD patients; in contrast, Foxp3 mRNA
and protein were downregulated in the mucosa,
possibly reflecting increased apoptosis rates or down
regulated T cell activation in the intestine during
therapy. Other studies described general reduction of
T cells in the mucosa after infliximab therapy for both
[57]
[58]
CD and UC patients . A direct effect of adalimumab
on T cell populations could be elegantly demonstrated
[59]
by Maggi et al . Local injection of adalimumab along
perianal fistulas in CD patients resulted in decrease of
infiltrating CD4+ CD161+ T cells whereas no systemic
[59]
effects on circulating T cells could be detected .
In addition, infliximab has been shown not only
to suppress CD4 T cell activation, but also to down
regulate IL-21 expression by mucosal CD4+ T cells
and consequently, inhibit Th17 differentiation. Using
intestinal biopsies of CD patients before and after
infliximab therapy, the authors could clearly show
that intestinal mucosal healing during therapy was
due to down-regulation of mucosal infiltration of the
highly proinflammatory Th17 cells through diminished
IL-21 expression, a cytokine that is pivotal to Th17
[60]
cell differentiation . In summary, these studies
clearly indicate that effects of anti-TNF antibodies on
T cells are complex and differ between peripheral and
mucosal T cells, as well as in vivo and in vitro.

Epithelial cells, angiogenesis and immunosuppressive
macrophages

In addition to shifts in cell populations, effects of anti-
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TNF antibodies on the epithelial barrier function have
been also examined. For example, adalimumab has
been shown to prevent barrier dysfunction induced
by TNF in vitro using the intestinal epithelial cell lines
[61]
Caco-2 and T-84 . Furthermore, a role of infliximab
in restoring epithelial barrier dysfunction in CD has
been described. Herein, downregulation of epithelial
apoptosis was noticed in 10 of 11 patients undergoing
[62]
therapy with infliximab . Additionally, effects of
anti-TNF antibodies on the mucosal microcirculation
have been reported. In this context, infliximab was
shown to downregulate CD40 expression by intestinal
microvessels in vivo in the mucosa of CD patients on
the one hand and to reduce the levels of sCD40L in the
circulation on the other hand, indicating an inhibition
[63]
of vascular inflammation in the gut . In addition,
infliximab downregulated mucosal angiogenesis
[64]
in CD patients . A direct effect of infliximab on
myofibroblasts has been described by Di Sabatino
[65]
et al . Myofibroblasts isolated from CD patients
expressed more mTNF than control myofibroblasts
and infliximab significantly augmented the migration
ability from CD myofibroblasts in a tissue inhibitor
of metalloproteinases (TIMP)-1-dependent manner,
suggesting another mode-of-action of anti-TNF anti
bodies that results in enhanced mucosal healing.
However, the TIMP-1 production was also increased by
adalimumab and etanercept, so it is still unclear if this
effect is relevant for induction of clinical remission in
CD. Interestingly, the induction of immunosuppressive
macrophages has been suggested as mechanism
[42]
of action of anti-TNF antibodies . Therefore, the
influence of infliximab, adalimumab, certolizumab
pegol and etanercept was investigated in PBMCs from
healthy controls. The T cell proliferation was diminished
by infliximab and adalimumab in a mixed lymphocyte
reaction, whereas certolizumab pegol and etanercept
had no effect. The inhibition of proliferation was driven
by immunosuppressive CD14+ macrophages that
secreted large amounts of the anti-inflammatory
cytokine IL-10 and were activated by the Fc region of
[42]
the antibodies . The same group later showed that
regulatory macrophages were induced in IBD patients
with mucosal healing upon infliximab treatment and
functionally, these macrophages had the ability to
[66]
induce wound healing in vitro .
In summary, several effects of anti-TNF antibodies
on the immune system have been described. The
reduction of proinflammatory T cell subsets on the
one hand and the induction of regulatory T cells on
the other hand clearly contributes to resolution of
inflammation. In addition, the induction of regulatory
[42]
[61,62,65]
macrophages
and effects on mucosal healing
have been suggested.

The function of mTNF not only as a ligand but also as a
receptor is called “outside-to-inside signal” or reverse
signalling. Reverse signalling by mTNF on monocytes/
[67]
macrophages confers resistance to bacterial LPS ,
suggesting that this pathway represents a silencing
signal. A very recent paper demonstrated that the
immune-suppressive effect of mTNF following LPS
stimulation in macrophages was mediated by TGF-β
via activation of the MAPK kinase, interestingly this
effect was mediated by infliximab and golimumab
whereas etanercept failed to induce TGF-β in human
[68]
macrophages . Functional studies showed that LPS
resistance downstream of mTNF is mediated through
protein kinase-C dependent and independent pathways
[67]
in monocytic cells . In addition, enhanced secretion
[69]
of IL-2 and IFN-γ and an upregulation of E-selectin in
[70]
T cells have been reported . Furthermore, apoptosis
induction as consequence of reverse signalling has also
[43,71]
been proposed in CD patients
. A study by Mitoma
[72]
et al
shed light on the reverse signalling pathway
induced by infliximab and etanercept. Herein, human
Jurkat T cells were stably transfected with a wild-type
and a mutant form of mTNF. E-selectin expression was
induced by both agents, but only infliximab induced
the expression of the anti-inflammatory cytokine
IL-10, activation of ROS accumulation and apoptosis
[72]
by upregulation of Bax and Bak . Interestingly, their
finding that infliximab further induced G0/G1 cell cycle
arrest elucidated another mechanism of action of antiTNF antibodies. Later the induction of cell cycle arrest
[73]
was shown to be mediated by adalimumab as well .
In the context of reverse signalling, a downregulation
of the growth and differentiation factor-1 (GDF-1)
mediated by infliximab and certolizumab pegol has
[74]
been described . Using gene expression assays,
GDF-1 was found to be upregulated in inflamed tissue
from CD patients, and downregulated after infliximab
treatment in clinical responders. Furthermore, GDF-1
was shown to act as proinflammatory mediator by
[74]
IL-6 and STAT-3 induction , indicating that a downregulation of proinflammatory effectors can also be a
consequence of reverse signalling by anti-TNF agents
in contrast to immune-suppressive effects.

APOPTOSIS
The programmed cell death of immune cells is a
fundamental mechanism of resolution of inflammation.
Apoptosis induction by anti-TNF antibodies has therefore
been addressed by several groups. The induction
of apoptosis can either be direct or indirect as side
effect of TNF signaling. Furthermore, apoptosis can
be induced by the Fc region of anti-TNF antibodies
involving the complement or natural killer cells or
can be a consequence of the activation of TNF itself
by antibody binding. An overview of the apoptosis
inducing capabilities of the different anti-TNF antibodies
is given in Table 3.

OUTSIDE-TO-INSIDE SIGNALLING
As mentioned before, activation of the membranebound form of TNF can result in bidirectional signalling.
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Table 3 Mechanism of action of anti-tumor necrosis factor agents
Agent

Cell type

Mechanism of action

Ref.

ADA

Induction of ADCC

[75]

Induction of CDC

[75]

CDC: IFX, ADA, ETA ++; Certo -

[50]

IFX, ADA, ETA, Certo
IFX, ADA, ETA, Certo
IFX, ADA, ETA, Certo
IFX, ADA
IFX, ADA
GOL, ADA, IFX, Certo
ADA, IFX, GOL, Certo

CHO cell line stably expressing mTNF cocultured with
human PBMCs
CHO cell line stably expressing mTNF with human
normal serum
TNF6.5 cells (murine NSO cell line stably expressing
human TNF) with baby rabbit complement
TNF6.5 cells in coculture with CD14-depleted PBMCs
Peripheral blood lymphocytes
Peripheral blood monocytes
mTNF transfected cell line (SP2/0-11A5-1, murine)
Activated human PBMCs
mTNF expressing Jurkat cells with PBMCs/human serum
mTNF expressing Jurkat cells

[50]
[50]
[50]
[41]
[41]
[77]
[77]

ADA, IFX, ETA
IFX, ETA
ADA, IFX, ETA, Certo

cultured monocytes
Peripheral blood lymphocytes and lamina propria T cells
Intestinal CD4/CD14 cells from IBD patients

ADCC: IFX, ADA ++, ETA+, Certo Apoptosis: IFX, ADA ++; ETA+, Certo Apoptosis: IFX, ADA ++; ETA+, Certo Induction of CDC
No induction of CDC
ADCC, CDC: GOL, ADA, IFX ++; ETA+, CertoApoptosis: ADA, IFX ++,
GOL+, Certo+
Caspase-dependent apoptosis: ADA, IFX ++; ETA Caspase-3 activation and apoptosis: IFX +; ETA Apoptosis by targeting mTNF/TNFR2: ADA, IFX,
Certo +; ETA -

ADA
IFX, ADA, ETA, Certo

[53]
[43]
[24]

Apoptosis induction of anti-TNF agents. ++: Strong effect; +: Effect visible; -: No effect; ADA: Adalimumab; ETA: Etanercept; IFX: Infliximab; Certo:
Certolizumab pegol; GOL: Golimumab; TNF: Tumor necrosis factor; mTNF: Membrane-bound TNF; sTNF: Soluble TNF; PBMCs: Peripheral blood
mononuclear cells; ADCC: Antibody-dependent cellular cytotoxicity.

etanercept and as expected, certolizumab pegol did
[50]
not show any effect , which was in accordance to
[41,73]
other studies
. Of note, CDC was induced in mTNFtransfected cells by adalimumab and infliximab, but
[41]
not in activated human PBMCs , raising the question
if cell lines over-expressing mTNF reflect the situation
in vivo. In a functional study, affinity of infliximab and
adalimumab to FcRγII and FcRγIII receptors was found
to be low but significantly increased in the presence of
[76]
exogenous TNF . Similarly, both antibodies bound to
the complement protein C1q in the presence of TNF.
In both settings, etanercept binding was shown to be
low. The more recently approved anti-TNF antibody
golimumab induced both CDC and ADCC to a similar
[77]
extent as infliximab and adalimumab .
Fc-mediated apoptosis has been shown to be
most potently induced by infliximab and adalimumab.
However, the fact that certolizumab pegol is effective
in CD despite its incapacity to induce ADCC or CDC
strongly suggests that Fc-mediated apoptosis by antiTNF antibodies is not a central mechanism of action.

ANTIBODY-DEPENDENT CELLULAR
CYTOTOXICITY AND COMPLEMENTDEPENDENT CYTOTOXICITY
Antibody-dependent cellular cytotoxicity (ADCC) is a
mechanism of the adapted immune system in order to
kill antibody-tagged target cells, for example infected
cells. Therefore, after binding of an antibody to its target
cell, the Fc domain is recognized by the Fc receptor
of effector immune cells, typically natural killer cells.
The natural killer cell then releases cytotoxic proteins
such as perforins and granzymes that subsequently
results in lysis of the target cell. ADCC is a mechanism
of action of anti-TNF antibodies that possess a Fc
domain. A recent study indicated that ADCC measured
as cell lysis of co-incubation of mTNF-expressing CHO
cells and PBMCs could be induced by adalimumab
in up to 76% of cells in contrast to a control isotype
[75]
that caused ADCC in less than 5% of the cells . In a
comparative study, infliximab and adalimumab were
shown to induce ADCC in a similar way and more
potent as etanercept whereas certolizumab pegol did
not show any effect due the fact that the later agent
[50]
does not possess the Fc domain .
Apart from ADCC, binding of antibodies to a target
cells can result in complement activation. The com
plement consists of several different proteins that act
as a cascade which finally leads to the formation of a
membrane attacking complex, inducing a pore within
the cell and subsequent cell death. In a CDC assay,
10 µg/ml adalimumab were shown to induce 90.6%
cell death in the presence of heat-inactivated human
[75]
serum . Comparing different agents, infliximab and
adalimumab had the same capacity in inducing CDCdependent cell death and were more effective than
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APOPTOSIS OF INFLAMMATORY
IMMUNE CELLS
Apoptosis of inflammatory immune cells as consequence
of anti-TNF treatment has been discussed as a major
mechanism of action explaining the fast onset of
therapeutic effects upon successful therapy. Thus, the
induced cell death of monocytes/macrophages or T
cells has been analyzed. Regarding monocytes, in a
comparative study both adalimumab and infliximab
induced apoptosis in cultured monocytes rapidly in a
[53]
caspase-dependent way whereas etanercept did not .
In addition, apoptosis induction via transmembrane
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Table 4 Prediction of response to anti-tumor necrosis factor therapy - possible biomarkers
Material/method

Predictor for response

Disease

Ref.

Intestinal biopsies

IL1B (upregulated in non-responders)
IL17A (upregulated in non-responders)
IL13RA2
PTGS2
WNT5A
high CAI
negative ANCA
IL23R
High API
C-reactive protein
TNFRSF11B (osteoprotegerin)
STC1 (stanniocalcin-1)
PTGS2 (prostaglandin-endoperoxide synthase 2)
IL13Ralpha2 (IL13R alpha 2)
IL11 (IL-11)
High apoptosis rate
High mucosal mTNF expression in vivo

CD

[54]

CD and UC

[16]

UC

[17]

CD
CD and UC
UC

[83]
[84]
[85]

CD
CD

[80]
[18]

Intestinal biopsies

Blood

Blood
Blood
Intestinal biopsies

SPECT
Endoscopic molecular imaging

CD: Crohn’s disease; UC: Ulcerative colitis; SPECT: Single-photon emission computer tomography.

TNF in a human monocytic cell line by adalimumab
and infliximab could be detected in a chimeric mouse
model and furthermore, apoptosis could be abrogated
by in vivo treatment with a pan-caspase inhibitor,
indicating a caspase-dependent mechanism of
[78]
action . Infliximab-induced apoptosis of monocytes
required the activation of members of the caspasefamily, such as caspase-8, -9 and -3 in peripheral blood
[79]
monocytes derived from CD patients . Activation of
caspase was induced independently from the CD95/
CD95L signaling pathway by release of mitochondrial
[79]
cytochrome C, apparently triggered by Bax and Bak .
The effect of anti-TNF agents on lymphocytes was
[43]
studied by Van den Brande et al . They could show
that etanercept, which is ineffective in the treatment
of CD, in contrast to infliximab was incapable of
inducing apoptosis in peripheral blood lymphocytes
from healthy controls and lamina propria T cells from
CD patients. Here, infliximab rapidly activated caspase
3 which possibly can also be a consequence of reverse
signaling. Later the same authors demonstrated that
this was also relevant in vivo. A rapid increase of
apoptosis was detected in experimental colitis and
importantly, also in CD patients where infliximab
mediated apoptosis occurred within 24 h after starting
[80]
the therapy . In this in vivo molecular imaging
study, patients underwent single-photon emission
computer tomography (SPECT) 24 h after infliximab
infusion, and apoptosis was measured by radiolabeled
annexinV uptake using scintigraphic imaging. A
strong correlation of detected apoptosis signals and
diseased regions was observed and furthermore,
annexinV uptake was significantly higher in patients
subsequently responding to infliximab therapy. In
addition, in some patients LPMCs from biopsies were
isolated and a marked increase in apoptosis of CD4
[80]
T cells after infliximab treatment was observed .
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Another study analyzing apoptotic markers such as
Bcl-2, Bax, Caspase3 and Fas in biopsies from CD
patients before and after infliximab/adalimumab
therapy showed that in LPMCs, a significant increase of
active Caspase-3 and an increase in the pro-apoptotic
Bax/Bcl-2 ratio could be detected upon anti-TNF
therapy, but no change of TNFR1 or Fas expression
[81]
could be measured .
In recent studies of our group, another mechanism
of action apart from direct induction of apoptosis by
clinically effective anti-TNF antibodies was identified.
We showed that T cell apoptosis was only induced if
mucosal T cells expressing TNFR2 were co-cultivated
[24]
with mTNF-expressing CD14+ macrophages . Binding
of mTNF to TNFR2 on T cells resulted in activation
of TNFR-2 dependent signaling pathways leading to
TRAF2 and NF-κB induction followed by heightened
IL-6 production, and subsequently resulting in T cell
resistance to apoptosis, which leads to perpetuation
of intestinal inflammation. This concept proposes an
indirect apoptosis induction by neutralizing the mTNF
binding side for TNFR2 by anti-TNF antibody treatment,
[24]
resulting in apoptosis of TNFR2 expressing T cells .

PREDICTION OF CLINICAL RESPONSE
Given that approximately 30% of the patients fail to
respond to anti-TNF therapy (primary non-responders),
and up to 50% lose the response during therapy
[82]
(secondary non-responders) , there is a clinical need
for biomarkers allowing prediction of clinical response.
Expression of biomarkers in blood or intestinal biopsies
has been investigated in this regard. Table 4 presents
a selection of so far collected data regarding possible
predictors of response to anti-TNF therapy in IBD.
A study using intestinal biopsies of patients with CD
responding and non-responding to anti-TNF therapy
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revealed that modulation of TNF-dependent genes
has also been observed in non-responsive patients,
indicating biological activity of anti-TNF independently
[54]
of clinical response . On the other hand, in this study
IL1B and IL17A remained altered in non-responders,
suggesting these cytokines as relevant targets in this
[54]
subgroup of patients . A database search validated
possible biomarkers in gene expression in patients with
IBD under infliximab therapy. Of interest, datasets of
PBMCs and biopsies were not comparable. Regarding
intestinal biopsies, the genes IL13RA2, PTGS2 and
WNT5A were shown to possibly predict the respon
[16]
siveness to infliximab in IBD .
Another study investigating UC patients before
and after therapy with infliximab identified a high
CAI, a negative antineutrophil cytoplasmatic auto
antibody status and the IL23R genotype as predictors
[17]
of response to therapy . As apoptosis is a central
mechanism of action of anti-TNF antibodies, a predictive
model based on an apoptotic pharmacological index
(API) has been proposed in another study. Herein,
response rates of infliximab in CD patients have
been investigated in regard to polymorphisms of
apoptosis genes (FAS ligand -843C/T; Fas -670G/A;
Caspase-9 93 C/T). Patients with an low API had the
lowest response whereas patients with an high API
[83]
displayed high response and remission rates . In
addition, high C-reactive protein levels have been
described as predictors for response to anti-TNF
[84]
therapy . Gene array analyses of biopsies from UC
patients taken before anti-TNF treatment identified
mainly five differentially expressed genes involved in
adaptive immunity (osteoprotegerin, stanniocalcin-1,
prostaglandin-endoperoxide synthase 2, IL13R alpha
2 and IL-11) in patients later responding to infliximab
[85]
as compared to patients that did not . However,
these promising biomarkers will have to be validated
in larger cohorts of patients to verify if they serve as
reliable markers for prediction of therapy in the clinic.
Another approach for prediction of response is
based on biomarkers derived from the molecular
mechanism of action of anti-TNF antibodies and
transition into corresponding in vivo molecular imaging
modalities. As described earlier, apoptosis induction
by infliximab was determined by SPECT imaging and
detected a significantly higher apoptosis rate in patients
[80]
later responding to infliximab . The visualization of
mTNF expressing cells by molecular imaging was the
fundament of another recently published clinical trial.
Based on the previous finding that the interaction of
mTNF expressing cells and TNFR2 expressing T cells
[24]
is targeted by anti-TNF antibodies , it was possible
to predict clinical response to subsequent anti-TNF
therapy using GMP-conform fluorescent anti-TNF
antibodies during endoscopy. Here, prior to initiation
of anti-TNF therapy, fluorescent anti-TNF antibodies
were topically applied in vivo to the inflamed mucosa
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in 25 CD patients and the number of mTNF positive
mucosal cells were localized with molecular imaging
using a confocal laser endomicroscope. It could be
demonstrated that CD patients with high amounts
of mTNF+ cells showed significantly higher response
rates at week 12 (92%) upon subsequent anti-TNF
therapy as compared to patients with low amounts
of mTNF+ cells (15%). Clinical response was defined
as the reduction of the Crohn’s Disease Activity Index
> 100 points at week 12 after the initiation of the
anti-TNF therapy. A high number of mTNF positive
cells also predicted sustained clinical response at
week 52, decreased steroid use and high mucosal
[18]
healing rates . These findings represent a first step
towards individualized medicine, making it possible to
determine the most suitable biological therapy based
on molecular level analysis thereby circumventing
ineffective antibody therapy in IBD patients.

DISCUSSION AND FUTURE RESEARCH
DIRECTIONS
Given the complexity of TNF signaling, the identification
of the mechanism of action of anti-TNF therapy
remains challenging. In this review, several aspects
of potential targets for anti-TNF antibodies have been
discussed. However, as reviewed here, contradictory
results concerning the influence of anti-TNF antibodies
on cells in vivo and in vitro have been reported, which
possibly reflect the different experimental conditions
used in each study. Furthermore, although infliximab,
adalimumab, golimumab, certolizumab pegol and
etanercept target the same epitope, fundamental
differences in their mode-of-action in vivo have been
demonstrated, beginning with the fact that etanercept
is effective in the treatment of RA, but did not show
therapeutic efficacy in the treatment of CD. However,
in summary some conclusions can be drawn: First, as
many IBD patients benefit from long-term remission
induced by anti-TNF therapy, additionally to TNF
neutralization fundamental biological changes must
be induced, especially in those patients that can stop
the medication due to stable remission. Second, it is
unclear if Fc-dependent apoptosis such as ADCC and
CDC by anti-TNF agents is relevant in vivo in IBD.
Certolizumab pegol is incapable of inducing ADCC and
CDC due to its structure but is successfully used for the
treatment of CD. Third, direct and indirect apoptosis
induction of anti-TNF agents and the modulation of
the immune system possibly might be connected.
For example, apoptosis induction could possibly
[53]
directly influence the mucosal cytokine production .
Fourth, the effects of anti-TNF agents apparently
are dependent on the cell type; in some studies
no detection of apoptosis induction in peripheral
blood T cells could be observed, while induction of
apoptosis in mucosal T cells were described in vitro
and in vivo. Lastly, several findings suggest binding
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of anti-TNF antibodies to mTNF rather than binding
to sTNF is critical in IBD. In order to improve the
response rates of anti-TNF antibody treatment, beside
pharmacokinetic reasons, it is mandatory to better
understand the mechanism of action of these agents
and unravel the key signaling pathways involved. First
clinical studies using in vivo imaging are opening the
field for individualized therapeutic approaches in the
treatment of IBD.
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Abstract
In the past decades liver transplantation (LT) has
become the treatment of choice for patients with
end stage liver disease (ESLD). The chronic shortage
of cadaveric organs for transplantation led to the
utilization of a greater number of marginal donors such
as older donors or donors after circulatory death (DCD).
The improved survival of transplanted patients has
increased the frequency of long-term complications, in
particular chronic kidney disease (CKD). Acute kidney
injury (AKI) post-LT has been recently recognized
as an important risk factor for the occurrence of de
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novo CKD in the long-term outcome. The onset of
AKI post-LT is multifactorial, with pre-LT risk factors
involved, including higher Model for End-stage Liver
Disease score, more sever ESLD and pre-existing renal
dysfunction, either with intra-operative conditions, in
particular ischaemia reperfusion injury responsible for
post-reperfusion syndrome (PRS) that can influence
recipient’s morbidity and mortality. Post-reperfusion
syndrome-induced AKI is an important complication
post-LT that characterizes kidney involvement caused
by PRS with mechanisms not clearly understood and
implication on graft and patient survival. Since preLT risk factors may influence intra-operative events
responsible for PRS-induced AKI, we aim to consider
all the relevant aspects involved in PRS-induced AKI
in the setting of LT and to identify all studies that
better clarified the specific mechanisms linking PRS
and AKI. A PubMed search was conducted using the
terms liver transplantation AND acute kidney injury;
liver transplantation AND post-reperfusion syndrome;
acute kidney injury AND post-reperfusion syndrome;
acute kidney injury AND DCD AND liver transplantation.
Five hundred seventy four articles were retrieved on
PubMed search. Results were limited to title/abstract
of English-language articles published between 2000
and 2015. Twenty-three studies were identified that
specifically evaluated incidence, risk factors and
outcome for patients developing PRS-induced AKI in
liver transplantation. In order to identify intra-operative
risk factors/mechanisms specifically involved in PRSinduced AKI, avoiding confounding factors, we have
limited our study to “acute kidney injury AND DCD AND
liver transplantation”. Accordingly, three out of five
studies were selected for our purpose.

http://www.wjgnet.com/1007-9327/full/v22/i42/9314.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i42.9314

INTRODUCTION
Liver transplantation (LT) is the treatment of choice
for patients with end stage liver disease (ESLD).
Ongoing progress in organ preservation, surgical
and anaesthetic techniques and immunosuppression
has improved outcomes with 1-year survival > 85%
and 5-year survival > 75%. The chronic shortage
of cadaveric organs for transplantation led to the
utilization of a greater number of marginal donors such
as older donors or donors deceased after circulatory
death (DCD). The improved survival of transplanted
patients has increased the frequency of long-term
complications, in particular chronic kidney disease
(CKD). The incidence of CKD at 10 years after LT
[1]
can be as high as 28% leading to 4-fold increase in
[1,2]
mortality .
Acute kidney injury (AKI) post-LT has been recently
recognized as an important risk factor for the occurrence
[3]
of de novo CKD in the long-term follow up after LT .
Risk factors for AKI may be related to pre-LT
conditions, such as severe ESLD, higher model for
end-stage liver disease (MELD) score and pre-existing
renal dysfunction, either to intra-operative conditions,
[4-6]
in particular ischaemia reperfusion injury (IRI) . The
latter is responsible for the post-reperfusion syndrome
(PRS), which is an intra-operative complication, whose
definition is still under debate, that may influence
morbidity and mortality of recipients. PRS involves
intra-operative events such as reduction of mean
arterial pressure (MAP), presence of haemodynamic
arrhythmias, need for inotropic drugs during transplan
[7]
tation . This condition promotes multi-organ damage,
with particular kidney involvement through systemic
inflammatory and haemodynamic mechanisms in
addition to a direct damage with tubular cell death.
Post-reperfusion syndrome-induced AKI (PRS-induced
AKI) is an important complication post-LT that cha
racterizes kidney involvement caused by PRS with
mechanisms not clearly understood and implication on
graft and patient survival.
Furthermore, after LT period, graft dysfunction,
reoperation, bacterial infection, sepsis and acute CNIs
[8-12]
toxicity may be associated to renal dysfunction
.
Since pre-LT risk factors may influence intraoperative events responsible for PRS-induced AKI, we
aim to consider all the relevant aspects involved in
PRS-induced AKI in the setting of LT and to identify all
studies that find out the specific mechanisms linking
PRS and AKI.

Key words: Liver transplantation; Acute kidney injury;
Post-reperfusion syndrome; Donation after circulatory
death; Chronic kidney disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Post-reperfusion syndrome (PRS)-induced
acute kidney injury (AKI) has been recognized as
an important complication occurring after liver trans
plantation (LT) that characterizes kidney involvement
caused by PRS with mechanisms not clearly understood
and implication on graft and patient survival. Since preLT risk factors may influence intra-operative events
responsible for post-reperfusion syndrome-induced AKI
(PRS-induced AKI), we aim to consider all the relevant
aspects involved in PRS-induced AKI in the setting of
LT and to identify all studies that better clarified the
specific mechanisms linking PRS and AKI, in particular
in LT recipients from donation after circulatory death.
Umbro I, Tinti F, Scalera I, Evison F, Gunson B, Sharif A,
Ferguson J, Muiesan P, Mitterhofer AP. Acute kidney injury
and post-reperfusion syndrome in liver transplantation. World J
Gastroenterol 2016; 22(42): 9314-9323 Available from: URL:
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operative period, we should consider all risk factors in
order to evaluate the PRS-induced AKI.

Table 1 Summary of studies evaluating acute kidney injury in
donors after circulatory death liver transplant recipients
Study

Journal and Year

Outcome

Diagnosis

Doyle et al
Ruebner et al[95]

J Am Coll Surg 2015
Transpl Int 2014

RRT

Leithead et al[112]

J Hepatol 2014

AKI
End stage renal
disease
AKI

Elaffandi et al[113]

Liver Transpl 2014

Leithead et al[99]

Am J Transplant 2012

[96]

Prehospital
cardiac arrest
AKI

PRE-TRANSPLANT RISK FACTORS FOR
POST-LT PRS-INDUCED AKI
MELD

KDIGO
criteria

MELD score was created to predict poor survival in
patients with liver cirrhosis and portal hypertension
complications, undergoing elective transjugular
[22]
intrahepatic porto-systemic shunts placement .
The formula for calculation of MELD includes only 3
objective parameters [serum creatinine (sCr), serum
bilirubin and INR]; it was validated by the Organ
Procurement and Transplantation Network in 2002 as
an accurate predictor of poor survival in patients with
various stages of liver disease, as well as in patients of
[23]
different geographic origin . The main use of MELD
score is regarded to liver graft allocation, identifying
[24]
those patients in greater immediate need for LT ,
[25,26]
and in predicting outcome and survival post-LT
.
Pre-operative sCr was identified as an independent
predictor of post-transplant mortality before the
[27]
introduction of MELD score .
Other factors affect sCr, such as gender. It is
reported that women are disadvantaged in MELD era
possibly due to the inclusion of sCr. Women are less
likely than men to receive a LT and have greater 3-mo
mortality, probably due to low sCr and MELD compared
to men. However within most MELD strata, women
[28]
had more deranged serum bilirubin and INR .

RIFLE
classification

AKI: Acute kidney injury; RRT: Renal replacement therapy; KDIGO:
Kidney disease improving global outcomes; RIFLE: Risk, injury, failure,
loss of kidney function, and end-stage kidney disease.

liver transplantation AND acute kidney injury; liver
transplantation AND post-reperfusion syndrome; acute
kidney injury AND post-reperfusion syndrome; acute
kidney injury AND DCD AND liver transplantation.
Five hundred seventy four articles were retrieved on
PubMed search. Results were limited to title/abstract
articles published in English between 2000 and 2015;
studies on children, case reports, editorials and review
articles were not considered. We have identified twentythree papers that specifically evaluated incidence,
risk factors and outcome for patients developing PRSinduced AKI in LT.
In order to identify intra-operative risk factors/
mechanisms specifically involved in PRS-induced
AKI, avoiding confounding factors, we have limited
our study to “acute kidney injury AND DCD AND liver
transplantation”. Accordingly, three out of five studies
were selected for our purpose (Table 1).

End stage liver disease

In advanced cirrhosis, the systemic vascular resistance
is particularly decreased, and any additional increase
in cardiac output can no longer compensate, leading to
[29]
under filling of arterial circulation . In this scenario,
systemic arterial pressure and effective arterial blood
volume are maintained through the activation of
vasoconstrictor systems, including renin-angiotensinaldosterone system (RAAS), sympathetic nervous
system, and, later, non-osmotic hyper-secretion of
antidiuretic hormone. This leads to sodium and solutefree water retention and renal failure due to intra-renal
[29]
vasoconstriction and hypoperfusion .
Recently, a new specific form, named acuteon-chronic liver failure has been recognised to be
associated to high risk for short-term mortality in
advanced ESLD. This syndrome is defined as an acute
decompensation of cirrhosis (development of ascites,
bacterial infections, gastrointestinal hemorrhage and/
or encephalopathy) associated to organ failure (liver,
kidney, coagulation, circulation, respiration, brain) and
high short-term mortality, ≥ 15% within a period of 28
[30]
d . The type of organ failure is obviously a risk factor
for mortality and it is > 15% in patients with kidney
failure compared to < 15% for single non-kidney organ
[31]
failures .

ACUTE KIDNEY INJURY POST-LT
Acute kidney injury is a significant complication after
LT. It is reported to be associated to an increased
[13,14]
mortality
and to the development of CKD after
[15]
LT . Recently, reversible AKI has been recognised as
an important risk factor for de novo CKD in the nontransplant setting, suggesting important implications
also for the surveillance in patients without pre-existing
[16]
and clinically evident kidney disease .
The incidence of post-operative AKI in the setting
of LT ranges between 12% and 80%, depending on
[17,18]
the definition adopted
, with a 30-d mortality of up
to 50% in case of renal dysfunction at transplantation
and as high as 90% if renal replacement therapy (RRT)
[4,19]
is required
.
Different criteria have been used to diagnose and
classify AKI. A recent new definition of AKI has been
proposed on the basis of the universal consensus of
KDIGO criteria, which are an evolution of RIFLE and
[20,21]
AKIN criteria
.
Moreover, since all risk factors for AKI in the setting
of LT are intertwined between the pre-LT and the intra-
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The aetiology of ESLD in some cases seems to
be involved in the occurrence of AKI. Non-alcoholic
steatohepatitis (NASH), now regarded as the hepatic
[32-34]
manifestation of the metabolic syndrome
, was
found to be more frequently associated with post-LT
AKI compared to other liver diseases leading to ESLD.
This association is not surprising, since the increasing
prevalence of NASH and non-alcoholic fatty liver
disease (NAFLD) contributes to hyperlipidaemia and
diabetes.
Clear evidences suggest the existence of a link
between NAFLD/NASH and renal impairment. Different
mechanisms have been hypothesized, involving multiple
pro-inflammatory substances that originate in the
steatotic and inflamed liver or through the contribution
of systemic insulin resistance and atherogenic dys
[35]
lipidemia .
Patients with NAFLD have significantly low levels
of adiponectin, higher levels of hemostatic and
inflammatory factors, oxidative stress and endothelial
[34,36-39]
dysfunction biomarkers
. Similarly, patients with
renal disease showed reduced adiponectin levels,
as well as increased levels of oxidative stress and
systemic inflammation biomarkers, hypofibrinolysis
[40-43]
and hypercoagulation
. The supposed mechanisms
that link NAFLD and renal disease may begin from the
inflamed and expanded visceral adipose tissue that
releases multiple molecules, such as free fatty acids,
hormones, tumor necrosis factor-alpha, interleukin-6,
and other pro-inflammatory cytokines, that seem
to be implicated in the insulin resistance and kidney
[44,45]
damage
. In this context, the liver is both source
of several mediators and target of these systemic
abnormalities, amplifying kidney damage. Even
though the mechanisms by which oxidative stress
and chronic inflammation can damage kidney are not
completely described, some studies on animal models
showed that cytokine imbalance may have a role in
the pathogenesis of kidney involvement through the
activation of different pro-inflammatory pathways, upregulation of adhesion molecules, induction of oxidative
stress and endothelial dysfunction, as well as reduction
[43,46-49]
of adiponectin expression
. As a result, patients
with NAFLD should be considered at increased risk
[35]
for the occurrence of pre-transplant renal disease .
Furthermore, macrovescicular steatosis was described
[50]
as a risk factor for PRS by Chung et al .

result of an underestimation of glomerular filtration rate
(GFR). Therefore, the evaluation of sCr modifications
from baseline is the best way to assess renal function
[8]
in patients with ESLD .
Since the multiple limitations of sCr as a measure
of renal function in these patients, alternative methods
were proposed such as GFR estimation by inulin clea
[52]
rance . This is the gold standard for renal function
assessment but its routinely use is limited due to
[52]
high cost and technical difficulties . Other direct
methods are characterized by the use of exogenous
[53]
radiolabelled substances or non-radioactive agents .
Nevertheless they have not been widely confirmed in
patients with ESLD. Furthermore, creatinine clearance
is not better than sCr in evaluating renal function in
patients with cirrhosis due to several variables including
potential errors in collection and measurement of urine,
variations in re-absorption or excretion of creatinine
[54]
and sCr dilution caused by fluid retention .
Serum cystatin C is freely filtered by glomeruli
and then re-absorbed and catabolized by proximal
[55]
tubules . For this reason, it is recognised as a
[56,57]
sensitive indicator of renal function in liver cirrhosis
,
significantly different from inulin or exogenous radio
[58,59]
labelled substances
. However, further studies
are needed to develop specific cystatin C-based GFR
estimation formulas in patients with ESLD.
Nevertheless, sCr remains the clinical marker of
kidney function for routinely practice, and changes in
sCr are currently used specifically to define AKI.
Therefore, in order to standardize its definition, the
classification of AKI was recently revised by KDIGO
group including all causes of acute renal dysfunction as
indicated by an increase in sCr to 1.5-1.9 times from
baseline within 7 d or an increase in sCr by ≥ 26.5
mmol/L (≥ 0.3 mg/dL) in < 48 h, allowing patients
with less severe degrees of renal dysfunction to receive
[60]
treatment .

Pre-existing renal disease

Kidney failure among patients with ESLD is closely
related to liver disease severity. This is due to circulatory
disturbances characterized by reduced systemic
vascular resistance secondary to splanchnic arterial
[29,61]
vasodilatation due to portal hypertension
.
Hepatic and renal disorders are frequently associated
as a result of a number of systemic conditions that
concurrently affect liver and kidney. Furthermore, renal
dysfunction is also a common complication of primary
liver disorders with renal histological changes mainly of
glomerular type, named hepatic glomerulosclerosis. It
was initially described predominantly in patients with
advanced liver cirrhosis and recently in HCV-related
[62,63]
cirrhosis
. This is characterised by mesangial
expansion, thickening of capillary walls, a mild increase
in size and number of endothelial and epithelial cells,
and deposits of immunoglobulins and electron-dense
[63,64]
material in the mesangium and capillary walls
,

Evaluation of renal function

The evaluation of renal function in patients with ESLD
waiting for LT remains a challenge. Serum creatinine
may be influenced by several factors including age,
race, gender, body weight, medications, diet and
laboratory techniques. In the context of cirrhosis,
sCr can be affected by reduced hepatic production of
creatine (> 40%), protein malnutrition, decreased
muscle mass, oedema and increased tubular secretion
[51]
of creatinine . As a result, low levels of sCr are the
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as demonstrated in renal biopsies performed at the
[63,65]
time of LT
. Recently, trans-jugular renal biopsies
performed in cirrhotic patients with clotting problems
showed an incidence > 70% of glomerular lesions with
[66]
a prevalence of IgA deposition .
In advanced cirrhosis, renal dysfunction results
mainly from renal hypoperfusion due to intravascular
volume depletion secondary to diuretic use, lactuloseinduced diarrhoea, gastrointestinal bleeding, infections,
use of nephrotoxic agents such as nonsteroidal antiinflammatory drugs, contrast agents, and amino
glycosides. Intense renal vasoconstriction, as seen
during hepatorenal syndrome, can in turn lead to renal
tubular necrosis. The histological changes are very
similar to those reported for chronic nephrotoxicity
from calcineurin inhibitors and differential diagnosis
[61,67-69]
may be difficult
.
Hepatitis B virus-related cirrhosis is associated with
membranous glomerulonephritis (GN) and membranoprolipherative GN, but also with vasculitis, such as
[70]
polyarteritis nodosa . Hepatitis C virus-related cirrhosis
is associated primarily with membrano-prolipherative
GN and cryoglobulinaemia, but also with fibrillary
[71,72]
GN
. In addition, the occurrence of type 2 diabetes
mellitus in HCV-infected patients is associated with
earlier loss of renal function compared with uninfected
[73]
patients . Alcoholic cirrhosis is linked mainly with
[74]
IgA nephropathy . Primary sclerosing cholangitis
and primary biliary cirrhosis are associated with antineutrophil cytoplasmic autoantibody-positive vasculitis
[74,75]
and membranous nephropathy
.
A few primary diseases can affect both liver and
kidney, including polycystic disease, primary oxaluria,
alpha1-antitrypsin deficiency and Wilson’s disease. A
secondary involvement of the kidney may result such
as in diabetic nephropathy.
In literature it is increasingly reported a close
association between renal failure and severe liver
[76-79]
dysfunction in patients with ESLD
. In the setting
of LT the interval of pre-transplant renal dysfunction is
[80]
predictive of 6- and 12-mo sCr post-transplant .

systemic vascular resistance index, higher cardiac
[83,84]
output, and decreased arterial blood pressure
. The
state of advanced cirrhosis is in line with the higher
MELD score and the more pronounced haemodynamic
changes with the occurrence of renal dysfunction.
The loss of integrity of the vasoconstrictive response
during graft reperfusion is also believed to be, at least
[85,86]
partially, responsible for the development PRS
.
In an experimental model of rats with portal hy
pertension the pressor response generated by the
[87]
sympathetic system was found to be impaired .
Similarly, the peripheral vascular response to angiotensin
Ⅱ and noradrenaline is attenuated in patients with
[88,89]
[85]
liver cirrhosis
. Garutti Martinez et al
reported a
lower increase in vascular muscle tone reflected by an
increased systemic vascular resistance index in patients
experiencing PRS, suggesting a reduced vascular
adaptability in these patients. A significant reduction
in sympathetic tone has also been reported in patients
[86]
who developed PRS . Although altered cardiovascular
autonomic control may not clarify the reason for the
occurrence of graft reperfusion-related hypotension
during LT, the assessment of autonomic indices may
be helpful in predicting PRS occurrence and may
help anaesthesiologist management in preventive
treatment with vasoconstrictors before any substantial
decrease in MAP in the first minutes after reperfusion.
Left ventricular diastolic dysfunction was found
to be a risk factor for the development of PRS in a
Chinese population of liver transplanted patients by
[90]
Xu et al . Diastolic dysfunction has been entitled as
cause of perioperative haemodynamic instability and
[91]
an adverse outcome following cardiac surgery
and
may contribute to the development of PRS by inducing
haemodynamic instability during LT.

MELD score, ESLD, pre-existing Renal Disease and
PRS-induced AKI

PRS is an intra-operative complication that chara
cterizes specific surgical phases related to instability
at reperfusion involving cardiovascular and metabolic
alterations, together with a PRS-induced AKI, that
can influence recipient’s morbidity and mortality.
Pathophysiology of PRS has not been clarified
yet; several mechanisms have been hypothesized,
considering factors related to recipient or donor
characteristics, graft quality and intra-operative factors.
Donors deceased after circulatory death characterized
by prolonged ischaemic phase of the graft compared
to traditional brain death donors. Although LT from
DCD donors demonstrates satisfactory long-term
outcomes, these are burdened by a higher degree
of delayed graft function compared to donation after
brain death (DBD) and a higher frequency of AKI
[92-95]
as well as CKD
, despite similar pre-LT renal

SPECIFIC INTRA-OPERATIVE RISK
FACTORS FOR POST-LT PRS-INDUCED
AKI
PRS

[81]

Recipient characteristics including older recipient age ,
[82]
higher MELD score, sCr levels , bilirubin and higher
[50]
pre-operative heart rate
seem to have a role in the
development of PRS. This may reflect the occurrence
of haemodynamic and cardiovascular complications
[83]
that characterise patients with cirrhosis . These
patients develop splanchnic arteriolar vasodilatation,
leading to reductions of systemic vascular resistance,
central volume, and arterial filling. The activation
of RAAS and sympathetic nervous system, and the
release of vasopressin all contribute to maintain the
arterial blood pressure, thus inducing a hyperdynamic
[83]
circulatory state . The progression of cirrhosis leads
to more pronounced splanchnic vasodilatation with
failure of the hyperdynamic compensation, lower
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[96]

function . In this setting, the damage sustained by
the graft during cold preservation following recovery
from the donor and during subsequent warm at
[97]
implantation into the recipient
is intensified by the
period of warm ischaemia in the donor. The functional
donor warm ischemic time (dWIT) is defined as the
interval between hypotension (Systolic Blood Pressure
< 50 mmHg) or hypoxia (02 saturations < 70%) and
[98]
cold perfusion of the aorta . Functional dWIT adds
complementary injury to cold ischaemia. Elevation of
serum aminotransferase enzymes is the first clinical
evidence of IRI of the graft, which can lead up to
clinical liver dysfunction and progressive graft failure.
[99]
In a study by Leithead et al
on AKI in DCD LT, the
only consistent predictor of renal outcomes was peak
peri-operative aspartate aminotransferase, which
represents a surrogate marker of hepatic IRI. The
hepatic IRI is known to evoke a systemic inflammatory
response, which can cause distant organ dysfunction
and AKI through haemodynamic mechanisms and
[23,100-103]
direct tubular cell death, associated to PRS
.
Therefore, graft injury, by driving a systemic inflam
matory response, may be a contributing factor of PRSinduced AKI.
Furthermore, in the same single-centre casecontrolled study it has been shown for the first
time that LT from DCD donors was associated with
higher incidence of AKI and RRT, evaluated by RIFLE
criteria, compared to propensity score-matched DBD
recipients, despite a significant (53.4% vs 31.8%, P =
[99]
0.004) better renal function in DCD vs DBD .

A role for poor tolerance of ischemia-reperfusion
phenomenon or age-related steatotic parenchymal
[105]
changes (senescence) has been advocated .

Intra-operative factors

Intra-operative events additionally play a role in
[50,81,106]
transfusion requirements
. These are associated
to the severity of liver disease, characterized by anaemia
and coagulation abnormalities. Intra-operative blood
loss thereby increases, requiring transfusion of blood
products, which itself is linked to fibrinolysis associated
[81,106]
with severe PRS
.
The use of piggy-back technique and porto-caval
[107,108]
shunt seems to reduce the occurrence of PRS
.
The piggy-back technique is proven to provide better
haemodynamic stability and the severity of PRS has
been associated to the surgical technique utilised.
Currently, piggy-back technique is widely used making
difficult to clearly ascertain the role of operation
[108]
technique as a risk factor .
Otherwise the preservation of caval flow does not
[109]
prevent hypotension during graft reperfusion
. The
creation of a temporary portocaval shunt in patients
with cirrhosis during the anhepatic phase, reducing
splanchnic congestion, in theory limits splanchnic
ischaemia and the subsequent release of toxic
[110]
mediators at reperfusion
. This hypothesis may in
part account for the protective effect of a portocaval
[107]
shunt toward the incidence of intra-operative PRS .
The need for emergent and unplanned intraoperative RRT (IORRT) during LT is associated with a
greater incidence of PRS compared to both patients
not receiving IORRT and patients receiving planned
[111]
IORRT
. IORRT become part of a complex multi
factorial cause of reduced patients short-term survival.
A role has been advocated for planned IORRT to
correct metabolic derangements due to electrolyte and
acid/base disturbances occurring in patients with pre[111]
transplant renal failure .

Donor and graft characteristics

Cold ischaemia time (CIT) and graft steatosis have
been reported to be associated with PRS in several
[6,13,17,21,22]
studies
. The increased CIT is likely to increase
the IRI which is associated with release of increased
amounts of pro-inflammatory mediators, generation of
[50]
free radicals, neutrophil sequestration and activation .
Steatotic livers tolerate less the IRI and it is conceivable
that the higher percentage of steatosis is linked to a
higher degree of damage. The release of vasoactive
[32]
substances, including reactive oxygen species , pro[33]
inflammatory chemokines and cytokines , from
the transplanted liver is also considered as a possible
mechanism of PRS.
An important link between IRI and PRS is similarly
[104]
accounted by Pan et al
in their retrospective study,
where they report a double incidence of PRS in DCD
compared to DBD (25.7% vs 12.2%, respectively).
These authors also suggest that the severe IRI
experienced by DCD grafts during the additional warm
ischaemia occurring before organ procurement may
play a role in the development of PRS.
Donor age and donor risk index (DRI) are also
reported being associated with the development of
[105]
PRS
and with greater haemodynamic instability
and delayed intra-operative haemodynamic recovery.
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CONCLUSION
Although advances in medical and surgical techni
ques have been done to improve survival among LT
recipients, mortality rates related to post-LT renal
complications remain a concern. The onset of AKI postLT is multifactorial, with pre-LT risk factors involved,
including higher MELD score, ESLD and pre-existing
renal dysfunction, either with intra-operative conditions
such as IRI and PRS. Recently, PRS-induced AKI is
considered an important complication post-LT that
characterizes kidney involvement caused by PRS with
mechanisms not clearly understood and implication on
graft and patient survival. Pre-LT risk factors for AKI
and PRS are closely intertwined and the impact of PRSinduced AKI on the onset of long-term CKD is very
important. Furthermore, a strong influence of donor
quality has also been described on the development
[95]
of CKD post-LT . Receiving a liver from DCD or with
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higher DRI increase the risk of end-stage renal disease
by 40%, despite favourable recipient characteristics,
supporting the current knowledge that donor quality
is associated with short and long-term outcomes,
[95]
renal injury in particular . The better understanding
of predisposing factors for post-LT AKI may give the
possibility to improve methods to prevent or ameliorate
injury. Therefore, this new understanding may possibly
help researchers to develop further studies in order to
better clarify PRS and PRS-induced AKI, in particular in
DCD recipients.
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Abstract

Noor Mohammed, Venkataraman Subramanian, Department
of Gastroenterology, Centre for Digestive Diseases, St James
University Hospital, Leeds Teaching Hospital NHS Trust, Leeds
LS9 7TF, United Kingdom

Ulcerative colitis (UC) is a chronic inflammatory bowel
condition characterised by a relapsing and remitting
course. Symptom control has been the traditional
mainstay of medical treatment. It is well known that
histological inflammatory activity persists despite
adequate symptom control and absence of endoscopic
inflammation. Current evidence suggests that presence of
histological inflammation poses a greater risk of disease
relapse and subsequent colorectal cancer risk. New
endoscopic technologies hold promise for developing
endoscopic markers of mucosal inflammation. Achieving
endoscopic and histological remission appears be the
future aim of medical treatments for UC. This review
article aims to evaluate the use of endoscopy as a tool
in assessment of mucosal inflammation UC and its
correlation with disease outcomes.
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Core tip: Endoscopy is the mainstay of assessing
disease activity in ulcerative colitis. Mucosal healing
(MH) is an accepted end point in clinical trials. Recent
data suggest that complete MH is associated with lower
relapse rates and better long term outcomes. Advanced
imaging techniques like high definition endoscopy,
narrow band imaging, magnification endoscopy,
chromoendoscopy and endomicroscopy help in detailed
assessment of mucosa and the submucosal vasculature.
In this review article we aim to look at the correlation
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73%. Endoscopy is the main tool used by physicians
in assessing severity and extent of the disease in UC
in clinical practice. It is a reliable tool in assessment
of disease activity during flare up of symptoms. But in
inactive disease persistent microscopic inflammation
is often seen despite the normal appearance of colonic
[5]
mucosa on standard white light endoscopy (WLE) .
Histologically active disease is associated with greater
[6-8]
risk of subsequent relapse . Studies using standard
[5,7,8]
WLE fail to predict relapse in quiescent UC
, whereas
studies using advanced endoscopic imaging modalities
[9-11]
seem to hold promise
.
In this review article we aim to discuss the use of
endoscopic modalities in assessment of disease activity
in UC, its correlation with clinical outcomes, and
endoscopic predictors of relapse.

between these endoscopic assessment modalities and
clinical outcomes.
Mohammed N, Subramanian V. Clinical relevance of endoscopic
assessment of inflammation in ulcerative colitis: Can endoscopic
evaluation predict outcomes? World J Gastroenterol 2016;
22(42): 9324-9332 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9324.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9324

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
condition characterised by mucosal inflammation of
the rectum and colon. It is associated with a relapsing
and remitting disease course. The exact aetiology of
the disease remains elusive although genetic linkage,
auto immune causes and environmental influences
have been postulated. Approximately 25% of patients
with UC experience acute exacerbation of their disease
[1]
activity during the course of their disease . Colectomy
rate increases with more than one hospital admissions
with acute severe UC, reaching up to 40% after two
[1]
admission . Truelove and Witts criteria established
over 60 years ago, estimates the severity of the disease
and predicts the need for colectomy using clinical
[2]
and biochemical scores . Current treatment goals in
UC focus on keeping the disease in remission and a
colectomy free survival.
There have been significant scientific advances
in both diagnosis and management of UC in the last
two decades. The use of Immunomodulators like Aza
thioprine, Cyclosporine, and biologic agents like AntiTumour necrosis factors alpha has changed the way
patients with UC are managed in modern day practice.
Advances in medical management of UC have seen a
[3]
fall in colectomy rates .
A flare up in disease activity in UC is difficult to
predict but a reliable biomarker would be important in
guiding appropriate therapy. Commercially available
serum and faecal biomarkers have been ineffective
in positively predicting disease relapse in UC. Sero
logical markers available for clinical and research
use includes C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), white blood cells, Platelets,
1-acid glycoprotein, serum amyloid A-protein, 2-globulin,
lactoferrin, orosomucoid and thrombopoietin. Faecal
biomarkers are thought to be non-invasive and are
relatively inexpensive. Available faecal biomarkers
include a1-antitrypsin excretion, lysozyme excretion,
calprotectin, lactoferrin, Myeloperoxidase. Faecal
calprotectin has generated the most interest among
researchers and clinicians. However, in a meta-analysis
consisting of 6 prospective studies looking at the use
of faecal calprotectin in predicting clinical flares in
[4]
inflammatory bowel disease (IBD), Mao et al report
a pooled sensitivity of only 78% and specificity of
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ENDOSCOPY IN UC
Endoscopy is essential in diagnosing UC, obtain biopsies
and distinguishing from Crohn’s disease. Direct mucosal
visualisation allows physicians to assess extent and
severity of the disease during flare ups and observe
effectiveness of treatment during follow up. In addition
to this it is the only available test to identify and resect
dysplastic lesions during surveillance for colorectal
cancer in patients with long standing colitis.
Endoscopic assessment of the mucosa for pa
thological diagnosis is largely operator dependant.
Although agreement among beginners was good at
the extremes of the disease, concordance for certain
endoscopic features like granularity, erosions and
friability was still poor and identified the need for
[12,13]
training to improve endoscopic diagnosis
. Training
has shown to improve diagnostic yield in endoscopy
in trainee endoscopists. Studies suggest that among
experienced endoscopists there is a good inter-observer
[13]
agreement in UC related endoscopic findings .
There are at least ten scoring systems designed to
assess the disease activity in UC since the development
[14]
of first such score by Baron et al
in 1964. Table 1
provides details of scores using endoscopic activity
alone and Table 2 details of scores with mainly clinical
and biochemical parameters with or without endoscopic
features. Many of these scoring systems use clinical,
biochemical and endoscopic components in an attempt
[15]
to grade the disease activity . Endoscopic parame
ters of assessment include mucosal vascular pattern
(MVP), friability and mucosal damage. Mayo endoscopic
sub score is an endoscopic component of full Mayo
[16]
score . Both Baron score and Mayo endoscopic sub
score have been used in clinical trials; however these
[15]
scores have not been validated rigorously . Recently
[13,17]
Travis et al
have designed and validated a new
scoring system using endoscopic “descriptors” called
ulcerative colitis endoscopic index of severity (UCEIS).
Ten IBD experts evaluated sigmoidoscopic videos of
varying degree of endoscopic inflammation seen in UC.
Inter and intra-investigator reliability was tested using
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Table 1 Disease activity indices with endoscopic component alone
Disease activity index

Endoscopic variables

Baron score[14]
1964
Rachmilewitz endoscopic index[18]
1989
UC colonoscopic index of severity (UCCIS)[19]
2013
UC endoscopic index of severity (UCEIS)[13]
2013

Bleeding and MVP
Granulation, MVP, Mucosal vulnerability, Mucosal damage
MVP, Granularity, Ulceration, Bleeding, Segmental assessment of endoscopic severity, Global
assessment of endoscopic severity
MVP, Bleeding, Erosions and Ulcers

MVP: Mucosal vascular pattern; UC: Ulcerative colitis.

Table 2 Disease activity indices with endoscopic and non-endoscopic components
Disease activity index
Powell-Tuck score[20]
1982
Sutherland index[21]
1987
Mayo score[16]
1987
Improvement based on
individual symptom scores[22]
2002

Endoscopic variables

Non-endoscopic variable

Bleeding

Wellbeing, Abdominal pain, stool frequency and consistency,
Bleeding, Anorexia, nausea and vomiting, EIM, Temperature
Stool frequency, Bleeding, Physician’s rating of disease activity

Friability, Bleeding
Erythema, MVP, Friability, erosions, ulcers,
spontaneous bleeding
Mucosal oedema, MVP, Granularity, Friability,
Petechiae, Ulceration, Spontaneous bleeding

Stool frequency, Bleeding, Physician’s global assessment
Rectal bleeding, Stool frequency, Abdominal pain, PFA, PGA

EIM: Extra-Intestinal Manifestations; MVP: Mucosal vascular pattern; PGA: Physician global assessment; PFA: Patient functional assessment.

Kappa statistics. In the validation phase they report a
satisfactory intra and inter-investigator reliability using
this score. No significant difference was observed
when investigators were tested with or without the
knowledge of clinical details of the subjects.

deep ulcerations extending up to muscular layer. Thirty
of thirty-nine patients with moderate colitis responded
to medical therapy. They did not report any major
complications apart from one dilated colon in their
cohort. The authors conclude that a full colonoscopy
was safe in acute severe flare of colitis and also helped
in predicting course of the disease and short term
outcome. It is important to know that all endoscopic
procedures in this study group were performed by
an experienced colonoscopist; hence care must be
taken in generalising these findings to all endoscopists.
Secondly this study was conducted in the pre-biological
treatment era which could account for the high rates of
colectomy.

ENDOSCOPY IN ACUTE SEVERE COLITIS
Endoscopy plays a vital role is disease assessment in
acute flares of UC. Limited examination of the colon
by flexible sigmoidoscopy is enough to establish
the diagnosis and obtain biopsies. Radiological
examinations like abdominal X-rays and sometimes
computed tomography (CT) scans are carried out prior
to endoscopic examinations. Minimal air insufflation
is used during endoscopic procedure to avoid misin
terpretation of subsequent X-ray images as toxic
megacolon.
Sigmoidoscopy is commonly performed during UC
flare ups and it is thought to be sufficient for assessing
disease severity. Colonoscopy is avoided until the
disease is settled, mainly due to fear of complications
such as perforation during severe flare. However there
are few prospective studies to validate this widely used
practice. In the only published study to date, Carbonnel
[23]
et al
demonstrated that colonoscopic examination
is safe in acute flare up of UC, and helps in identifying
patients at high risk of colectomy. In their cohort of 85
consecutive patients with acute sever colitis, extensive
deep ulcerations were found in 46 patients. Fortythree/forty-six patients with deep ulceration underwent
colectomy and histology in 42/43 patients showed

WJG|www.wjgnet.com

ENDOSCOPY IN DISEASE REMISSION
The aims of endoscopy performed during clinical
disease remission are to assess if there is reduction of
endoscopic activity after a flare, ascertain if mucosal
healing (MH) is achieved, to obtain biopsies and screen
for dysplastic lesions.
MH is increasingly recognised as a therapeutic
endpoint in clinical trials. Although there is no consensus
definition of MH, the International organisation of
IBD proposed the following criteria to define MH:
absence of friability, blood, erosions and ulcers in
[15]
all visualised segments of the colonic mucosa .
Essentially disappearance of endoscopic lesions
such as erosions and ulcers is called as MH. Drugs
such as 5-aminosalicylates, immunomodulators like
azathioprine, methotrexate and biological agents
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Table 3 Correlation of endoscopic activity with clinical symptoms
Study characteristics

Results

Karoui et al[35]
2011

Ref.

Prospective observational study.
101 patients with UC in remission.

CRP correlated well with DAI and Rachmilewitz score
Correlation between DAI and Rachmilewitz was not statistically
significant

Tunisia
Osada et al[36]
2008
Japan

CRP, Disease activity index and Rachmilewitz scores used
Prospective observational study.
54 patients with UC.
CRP, ESR, Mayo endoscopic subscore, Lichtiger’s clinical activity
scores used.
Prospective observational study.
86 patients with UC. Disease activity was measured using 9
different activity indices

Turner et al[37]
2009

Clinical symptoms correlated with left sided disease activity.
CRP and ESR correlated well with right sided inflammation.

Disease activity was best assessed by Walmsley and PUCAI
followed by Partial Mayo score and Rachmilewitz

Canada
CRP: C-reactive protein; DAI: Disease activity index; ESR: Erythrocyte sedimentation rate; PUCAI: Paediatric ulcerative colitis activity index; UC: Ulcerative
colitis.

(infliximab, adalimumab, golimumab, vedolizumab,
etc.) are used in the induction of remission and
[24-30]
maintenance of MH in UC
. MH is associated with
favourable short and long term clinical outcomes
like reduced hospitalisation due to flares of disease,
decreased colectomy rates and lower incidence of
[6,31-34]
subsequent colorectal cancers
.

DOES STANDARD WLE CORRELATE
WITH HISTOLOGICAL ACTIVITY?
The presence of deep ulcerations, extensive disease,
higher median inflammation seen on WLE corresponds
to more severe disease and are associated with higher
[23,38]
colectomy rates
. MH is associated with better
outcomes such as decreased relapse rates and the need
[6,30,31,33,39]
for surgical interventions
. Use of conventional
colonoscopy is restricted to assessment of disease
activity and extent of the disease during disease flare;
however colonoscopic findings in remission does not
correlate well with the histological activity nor are
they predictive of relapses. Table 4 provides details of
studies comparing white light endoscopic activity and
histological activity and their potential in predicting
disease outcomes in UC.
Histological inflammation has been shown to persist
despite normal endoscopic findings in both prospective
[5-8,40,41]
and retrospective studies
. Histological markers
of inflammation such as basal plasmacytosis, basal
lymphocytosis and chronic inflammatory infiltrates
were found in biopsies from endoscopically normal
looking mucosa. These histological markers were
associated with increased risk of subsequent relapse.
The rate of relapse was reported to be between
20%-57.7% among UC patients with quiescent disease
(Table 4).

DOES ENDOSCOPY CORRELATE WITH
CLINICAL SYMPTOMS?
Generally it is considered that clinical symptoms,
biochemical markers of inflammation, endoscopic
findings and histological grading help in assessing the
severity of the disease in UC. It is not uncommon to
find that clinical symptoms and endoscopic findings do
not correlate. Table 3 contains the studies comparing
endoscopic activity with clinical symptoms. Karoui
[35]
et al compared the endoscopic findings of patients
[36]
in remission whereas Osada et al examined patients
with varying grades of severity. In both the studies
serological markers (CRP and ESR) correlated well
with the disease activity. However conflicting results
were noted when comparing clinical symptoms with
[36]
endoscopic findings (Table 3). Osada et al
reported
that clinical symptoms correlated well with the disease
of left colon whereas CRP and ESR reflected well with
right sided disease. No significant association was
[35]
noted by Karoui et al . Different clinical activity indices
used in the above two studies (Rachmilewitz score and
Lichtiger index respectively) may have contributed to
the differences. However, in a prospective study Turner
[37]
et al
compared different clinical activity indices and
their respective abilities to assess disease activity. They
noted that the Rachmilewitz score and Lichtiger index
had comparable “discriminative average” which is the
ability to differentiate patients in clinical remission with
those patients with active disease [Rachmilewitz score0.92 (95%CI: 0.87-0.98) and Lichtiger index- 0.90
(95%CI: 0.84-0.97)].
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DOES ENDOSCOPY PREDICT DISEASE
RELAPSE?
In a recent prospective study involving 41 patients
with UC who had undergone colonoscopy before and
[43]
after receiving Tacrolimus, Ikeya et al
studied the
outcomes of patients assessed by two of the disease
activity score; the Mayo endoscopic subscore and the
UCEIS. They reported better correlation of endoscopic
assessment of disease activity using UCEIS and also in
predicting relapse free survival. In another prospective
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Table 4 Correlation between white light endoscopy and histology in ulcerative colitis
Ref.
Bitton et al[8]
2001
United States
Azad et al[41]
2011
India
Bessissow et al[7]
2012
Belgium
Lemmens et al[40]
2013
Belgium
Rosenberg et al[5]
2013
United States
Feagins et al[6]
2013

Study characteristics and aims

Results

Prospective observational study
74 patients in clinical and endoscopic remission were
included
Followed up for a year or until the patients relapsed.
Prospective observational study
26 patients with clinical and endoscopic remission were
included
Monthly follow up for a year or until the patients relapsed.
Retrospective study
75 patients with endoscopically inactive disease (Mayo score
0)
Time to relapse was noted
Retrospective study
131 patients with known UC
Correlation of endoscopy and histology
Prospective observational study
103 UC patients in clinical remission
Correlation of endoscopy and histology
Retrospective study of 51 patients.
colonoscopy for surveillance

36.4% patients relapsed
Younger age, multiple previous relapses (women), and basal
plasmacytosis on histology predicted relapse.
CRP, ESR, IL-1b, -6, 15, ANCA was non-predictive of relapse.
57.7% patients relapsed
Increased Eosinophils and Neutrophils were predictors of relapse.

United States
Zenlea et al[42]
2016

Correlation of endoscopic and histological activity
Prospective study
179 patients included

United States

Baseline Mayo endoscopic score and Geboes score for
histology noted
Follow up period was 12 mo

Hb, CRP, ESR, IL-6 were not predictive of relapse.
Microscopic inflammation was found in 40% of patients.
Basal plasmacytosis and histological activity (Geboes score ≥ 3.1)
predicted relapse.
Significant correlation with Mayo endoscopic subscore and histology
noted in extremes of disease (inactive and acute severe disease)
54% of patients with quiescent disease had signs of histological
inflammation.
20% of patients had flare up within 12 mo.
Basal lymphocytosis, disruption of crypt architecture, erosions and
ulcers predicted relapse.
23% of patients relapsed
Histological activity with Geboes score ≥ 3.1 was strongest predictor of
relapse.

UC: Ulcerative colitis; Hb: Haemoglobin; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; IL-6: Interleukin-6; ANCA: Anti-nutrophil
cytoplasmic antibody.

study of 82 patients with UC, a score of 0-1 on UCEIS
after treatment with Infliximab had favourable long
[44]
term outcomes .

the image appears sharp and allows assessment of
surface pattern in detail. Regular pit pattern seen
under MC is associated with a significantly reduced
[9,10]
risk of relapse
. Patients with distorted MVP, abnor
malities in epithelium or pit pattern have a higher
grade of inflammation on histology and relapse sub
[9-11,46,47]
sequently
. In one recent study MC with NBIlead target biopsies seems to predict long term
[48]
outcomes .

Does advanced imaging modalities predict relapse

Advanced imaging modalities such as magnification
colonoscopy (MC), narrow band imaging (NBI),
iScan, Fujinon intelligent colour enhancement (FICE),
autofluorescence imaging (AFI), chromoendoscopy,
confocal laser endomicroscopy (CLE) and endocytology,
etc. enable real time mucosal assessment in greater
detail. Imaging modalities such as NBI, MC and
magnification chromoendoscopy have been evaluated,
mainly by Japanese investigators, for their ability to
predict relapse in UC (Table 5). Figure 1A-D shows the
appearances of inflamed colonic mucosa in patients
with colitis using standard definition, high definition,
NBI and chromoendoscopy respectively. Image
enhanced endoscopic techniques appear to improve
the visualization of inflammation in colonic mucosa but
large scale clinical studies are needed to ascertain the
relevance of these findings to clinical outcomes.

Chromoendoscopy and NBI: Chromoendoscopy
is examination of the colonic mucosa after spraying
dye which contrast enhances and highlights mucosal
abnormalities allowing precision biopsies. NBI, also
called as “virtual chromoendoscopy” or “dye-less
chromoendoscopy”, utilises optical filters and uses
shorter wavelengths of light (between 415-540 nm)
which intensely absorbed by haemoglobin. This
allows examination of the vasculature and surface
pattern in detail. Use of NBI in predicting relapse is
[46]
controversial. Kudo et al
in their prospective study
evaluated the MVP observed under WLE and NBI.
NBI findings of obscure MVP correlated well with the
histological markers of inflammation. Although this
study did not report any outcome data on relapse,
we know that the histological inflammation leads to
subsequent relapse. More recently a prospective study
from Spain of 67 patients with UC in sustained clinical

MC: Optical enhancement of image from six to 150
fold occurs due to a moving camera at the tip of the
[45]
endoscope . In MC the image undergoes optical
enhancement and hence the pixels are not distorted
and the image quality is not compromised. Hence
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Table 5 Relapse prediction using advanced imaging techniques
Ref.

Imaging modality

Study characteristics

Results

Watanabe et al[9]
2009

Magnification colonoscopy
with chromoendoscopy

Prospective study
57 patients with clinical and endoscopic remission were
enrolled for MC examination and followed up for 12 mo

70% of patients with mucosal defects
identified by MC had a flare up within 12
mo

Japan
Nishio et al[10]
2006

Magnification colonoscopy
with chromoendoscopy

Prospective study
113 patients with UC in remission were enrolled. Pit
pattern in rectal mucosa assessed using MC. Followed up
for 12 mo

29% of patients relapsed. Significant
correlation seen between pit pattern
abnormalities and relapse rate.

Magnification colonoscopy

18 patients with UC in remission underwent MC and
follow up

7 out of 9 (77.7%) with minute epithelial
defect had a flare.

NBI

Prospective study
157 colonic segments among 30 patients were examined
under WLE and NBI

Obscured MVP had good correlation with
the histological activity.

Prospective study

27% relapsed during follow up

64 patients with clinical and endoscopic remission for at
least 3 mo were included. 1 year follow up.

Neither NBI nor chromoendoscopy
predicted relapse

Retrospective study
572 images from 42 patients were correlated with
histological activity

The green component of AFI correlated
closely with the inflammatory activity

Japan
Fujiya et al[11]
2002
Japan
Kudo et al[46]
2009

Japan
Jauregui-Amezaga Chromoendoscopy and NBI
et al[49]
2014
Spain
Osada et al[55]
2011

AFI

Japan
MC: Magnification colonoscopy; MVP: Mucosal vascular pattern; AFI: Autofluorescence imaging; NBI: Narrow band imaging.

remission investigated chromoendoscopy, NBI and
faecal calprotectin in predicting clinical flares. In this
study advanced endoscopy suing NBI failed to predict
[49]
relapse within one year .

were significantly higher in active compared to
inactive colitis. They also noticed improvement in the
crypt architecture was associated with histological
improvement following treatment of active colitis.

CLE: CLE allows visualisation of cellular structures and
assessment of their function in real time. Contrast
agent such as fluorescein is administered systemically
and laser light is emitted via CLE. The reflected
endoscopic image is reprocessed for microscopic
examination in such a way that the resultant image is
enhanced to a 1000 fold magnification. CLE detects
barrier dysfunction in the epithelium in patients with
[50]
IBD . Mucosal inflammation in IBD results in barrier
dysfunction which is seen as increased fluorescence
leak and widening of crypt diameter along with
intercept distance on CLE. A composite score developed
[51]
by Buda et al
using fluorescence leak, and crypt
diameter have shown predictive capabilities for
disease outcomes in quiescent UC patients during 12
[50-52]
mo follow up
. A recent study from Karstensen
[53]
et al
reported parameters for distinguishing active
and inactive UC with CLE. In this prospective study
the authors examined colonic mucosa from twenty
two patients with clinical symptoms of relapse and 7
patients with inactive disease referred for surveillance
purposes served as controls. This study demonstrated
that fluorescein leak, microerosions, tortuosity of
crypts, distortion of crypt opening, decreased crypt
density and presence of inflammatory infiltrates

Endocytoscopy: Data on use of endocytoscopy (EC)
[54]
in prediction of relapse in UC is limited. Maeda et al ,
in a retrospective study of patients who underwent
endocytoscopic-NBI (EC-NBI) compared the images
with histological inflammation. EC-NBI was found
to be highly useful in assessing histological activity
with a sensitivity, specificity, positive predictive value,
negative predictive value and accuracy of EC-NBI for
diagnosis of acute inflammation to be 84%, 100%,
87.1%, 100% and 92.3%. There was not data on
relapse rate provided in this study.
Endoscopic assessment with AFI and iScan have
been found to correlate well with histological activity,
they have not been used to assess relapse prediction
[55,56]
in UC
. The FICE was however found not helpful in
improving and further characterisation of endoscopic
[57]
findings in IBD .
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Spectroscopy: More recently we studied the use of
Raman spectroscopy to identify MH and inflammation
in UC. We observed that three carotenoid peaks
were twice as intense in the inflamed mucosa and
two phospholipid peaks were significantly lower in
the normal mucosa. These five peaks seen on the
spectroscopy could be used reliably to distinguish
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A

B

C

D

Figure 1 Assessment of inflamed colon with white light endoscopy, narrow band imaging and chromoendoscopy. A: White light assessment with standard
definition endosocpe reveals areas with superficial ulceration interspersed with areas of patchy obliteration of mucosal vascular pattern; B: High resolution endoscope
allows more detailed assessment including crypt openings and disrupted vascular architecture; C: NBI assessment of moderately active UC shows obscured vascular
pattern; white mucosal spots which represent mucous exudates giving the characteristic appearance of “Coral reaf” like mucosa; D: Chromoendoscopy shows the
mucosal damage with disruption of pit pattern and complete destruction of vascular pattern. Ulcer margins are seen more prominent with contrast enhancement.

[58]

active from quiescent UC

.
3

CONCLUSION
Endoscopy is a useful tool in the clinical management
of UC. Although standard WLE is the commonly used
in day to day practice, it has its limitations in assessing
disease activity and predicting disease course.
Advanced imaging modalities show promising results
but they are expensive, involve a steep learning curve
and are time consuming. Endoscopic modalities such
as CLE and EC are still restricted to research use and
cannot be advocated for routine assessment of IBD.
Advanced endoscopy improves visualisation of mucosal
surface structure and vascularity and hold promise
for predicting disease outcomes. Development of
endoscopic markers using these advanced technologies
in well-designed prospective clinical studies is essential
to develop robust markers for predicting disease
course in patients with UC.
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Abstract

Institutional review board statement: The study was reviewed
and approved by Università degli Studi di Bari with protocol
number 10110 tit-VIII/2.

AIM
To investigate the mechanisms underlying the potential
contribution of the heme oxygenase/carbon monoxide
(HO/CO) pathway in the constipating effects of
granisetron.

Institutional animal care and use committee statement: All
procedures in animals were reviewed and approved by the Italian
Government, Ministry of Health, with protocol number 15/12.

METHODS
For in vivo studies, gastrointestinal motility was
evaluated in male rats acutely treated with granisetron
[25, 50, 75 µg/kg/subcutaneous (sc)], zinc protopor
phyrin IX [ZnPPIX, 50 µg/kg/intraperitoneal (ip)] and
hemin (50 µmol/L/kg/ip), alone or in combination. For
in vitro studies, the contractile neurogenic response
to electrical field stimulation (EFS, 3, 5, 10 Hz, 14 V, 1
ms, pulse trains lasting 10 s), as well as the contractile
myogenic response to acetylcholine (ACh, 0.1-100
µmol/L) were evaluated on colon specimens incubated
with granisetron (3 µmol/L, 15 min), ZnPPIX (10
µmol/L, 60 min) or CO-releasing molecule-3 (CORM-3,
100, 200, 400 µmol/L) alone or in combination. These
experiments were performed under co-treatment with
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or without atropine (3 µmol/L, a muscarinic receptor
G
antagonist) or N -nitro-L-Arginine (L-NNA, 100 µmol/L,
a nitric oxide synthase inhibitor).

levels of carbon monoxide, thus suggesting that
treatments able to modulate carbon monoxide levels
may potentially reduce the constipation mediated by
granisetron.

RESULTS
Administration of granisetron (50, 75 µg/kg) in vivo
significantly increased the time to first defecation
(P = 0.045 vs vehicle-treated rats), clearly sugges
ting a constipating effect of this drug. Although
administration of ZnPPIX or hemin alone had no
effect on this gastrointestinal motility parameter,
ZnPPIX co-administered with granisetron abolished
the granisetron-induced constipation. On the other
hand, co-administration of hemin and granisetron
did not modify the increased constipation observed
under granisetron alone. When administered in vitro ,
granisetron alone (3 µmol/L) did not significantly
modify the colon’s contractile response to either EFS
or ACh. Incubation with ZnPPIX alone (10 µmol/L)
significantly reduced the colon’s contractile response
to EFS (P = 0.016) but had no effect on contractile
response to ACh. Co-administration of ZnPPIX and
atropine (3 µmol/L) abolished the ZnPPIX-mediated
decrease in contractile response to EFS. Conversely,
incubation with CORM-3 (400 µmol/L) alone increased
both the contractile response to EFS at 10 Hz (10 Hz:
71.02 ± 19.16 vs 116.25 ± 53.70, P = 0.01) and the
contractile response to ACh (100 µmol/L) (P = 0.012).
Co-administration of atropine abolished the CORM-3mediated effects on the EFS-mediated response. When
granisetron was co-incubated in vitro with ZnPPIX, the
ZnPPIX-mediated decrease in colon contractile response
to EFS was lost. On the other hand, co-incubation
of granisetron and CORM-3 (400 µmol/L) further
increased the colon’s contractile response to EFS (at 5
Hz: P = 0.007; at 10 Hz: P = 0.001) and to ACh (ACh
10 µmol/L: P = 0.001; ACh 100 µmol/L: P = 0.001)
elicited by CORM-3 alone. L-NNA co-administered with
granisetron and CORM-3 abolished the potentiating
effect of CORM-3 on granisetron on both the EFSinduced and ACh-induced contractile response.

Nacci C, Fanelli M, Potenza MA, Leo V, Montagnani M, De
Salvia MA. Carbon monoxide contributes to the constipating
effects of granisetron in rat colon. World J Gastroenterol 2016;
22(42): 9333-9345 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9333.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9333

Introduction
In recent decades, the role played by carbon monoxide (CO) in several biochemical processes has been
[1-3]
increasingly recognized . Once considered only for
its lethal effects, the therapeutic use of CO has been
proposed after the discovery of its potential “positive”
functions (http:/clinicaltrials.gov/ct2/search, “carbon
monoxide”).
CO is a gas that is produced, together with iron and
biliverdin, from the catalysis of heme by the microsomal heme oxygenase (HO) enzyme. Of the two HO
isoforms, HO-2 is the constitutive one, whereas HO-1
is a highly inducible isoform whose activity is intended
to provide protection against oxidative stress, injury
[1,2]
and inflammation .
The first physiological role suggested for CO was
in non-adrenergic non-cholinergic (NANC) neurotrans[4]
mission at the gastrointestinal level . The hypothesis
of CO as a neurotransmitter is strongly supported by
the wide expression of HO-2 throughout the gastrointestinal tract in the enteric nerves, as well as in the
non-neuronal cells of the mucosal epithelium, smooth
muscle cells, endothelium of blood vessels and inter[3-5]
stitial cells of Cajal . Moreover, HO-1 is upregulated
in several gastrointestinal pathologies such as colitis,
[3]
inflammatory bowel disease and gastric ulcers (see
for references). Because endogenously produced
CO diffuses to blood where it binds to hemoglobin,
increased HO-1 expression may result in augmented
blood levels of carboxyhemoglobin (normal levels
0.8%). However, high levels of carboxyhemoglobin
are more typically the consequence of smoking habits
[2]
or environmental pollution . Either from endogenous
or exogenous sources, altered CO levels may affect
physiological processes or modulate pathological con[6]
ditions via several distinct mechanisms . Ion channels
have been shown to be, among others, the target
of CO; thus, it is possible that CO may modulate the
effects of other signals by acting directly on the same
target or indirectly on the shared pool of second mes[6-8]
sengers . A similar modulating activity of CO might
also be plausible toward specific drugs; indeed, in a
previous report, we observed the involvement of the

CONCLUSION
Taken together, findings from in vivo and in vitro
studies suggest that the HO/CO pathway is involved in
the constipating effects of granisetron.
Key words: Granisetron; Carbon monoxide; Heme
oxygenase; Colon; Contraction; Neurogenic response;
Myogenic response
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We studied whether in vivo and in vitro effects
of granisetron might be influenced, at least in part,
by the heme oxygenase/carbon monoxide (HO/CO)
pathway. Our findings demonstrate for the first time
that the HO/CO pathway takes part in the contractile
colon activity in rats. Interestingly, the constipating
effects of granisetron are positively correlated with
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HO/CO pathway in granisetron-mediated effects on rat
[9]
duodenal motility .
Granisetron is a highly selective competitive antagonist of the 5-HT3 receptor, the only serotonin-gated ion
[10]
channel that, if activated, allows an influx of cations .
Granisetron is currently used for the chemotherapy[11]
induced nausea and vomiting , and constipation is
[12]
reported among its side effects . On the other hand,
constipation is the desired effect for 5-HT3 receptor
antagonists such as alosetron and cilansetron in the
[13]
treatment of irritable bowel syndrome with diarrhea
in which the delayed transit in the large bowel may
[14]
reduce pain and discomfort in those patients . Unfortunately, despite their clinical efficacy, the potential use
of these drugs has been restricted due to reports of
[15]
severe ischemic colitis (see
for review). Nevertheless, these observations support the ability of 5-HT3
receptor antagonists to induce constipation.
To explore potential mechanisms linking the activity of the HO/CO pathway to granisetron-induced
constipation, we investigated whether the constipating effects of granisetron administered in vivo may
be modulated by agents that induce (such as hemin)
or inhibit (such as zinc protoporphyrin, ZnPPIX) the
endogenous HO activity. A 3 µmol/L concentration of
granisetron was chosen for the present investigation
[9]
based on dose-response curves previously obtained .
Moreover, because constipation has been ascribed to
abnormalities of various contractile activities of the
[16-19]
colon
, parallel in vitro studies on isolated colon
preparations were performed to evaluate (1) the neurogenic contractile responses to electrical field stimulation indicative of cholinergic and non-cholinergic
[20,21]
transmitter release from enteric neurons
in the
absence and in the presence of the muscarinic antagonist atropine as well as the nitric oxide synthase inhibitor L-NNA; and (2) the myogenic contractile response
to ACh, one of the major contractile neurotransmitters
at the gastrointestinal level in the absence and in the
presence of L-NNA.

allowed to acclimate to the environment for at least 7
d. Rats undergoing in vivo treatments were randomly
chosen and allocated into individual cages before initiating the study, with the remaining rats caged together
(4 rats/cage) in close proximity to allow experimental
animals to see and smell their companions. Rats had
free access to water and food when they were not
under testing. All animals were handled and trained
for at least 1 wk to minimize the possible stress of the
drug administration procedure.

Gastrointestinal motility test

A repeated measures protocol was designed for in
vivo study, so that each rat, at one-week intervals,
received the following treatments either subcutaneously (sc) or intraperitoneally (ip): vehicle (1 mL/kg),
granisetron (25, 50, 75 µg/kg/sc soon before testing),
ZnPPIX (50 µg/kg/ip, 60 min before testing), hemin (50
µmol/L/kg/ip 24 h before testing), ZnPPIX (50 µg/kg/ip,
60 min before granisetron) with granisetron (25, 50,
75 µg/kg/sc), or hemin (50 µmol/L/kg/ip 24 h before
granisetron) with granisetron (25, 50, 75 µg/kg/sc).
The timing and dosing for ZnPPIX and hemin were
carefully chosen to obtain the greatest level of HO
[9,22,23]
inhibition or induction, respectively
. In a pilot
study, we observed that the average time to first defe
cation in vehicle-treated rats was between 80-110
min (median 105 min; interquartile range 90-110; full
range 80-180). Based on these preliminary findings,
the observation cut-off time was set at 180 min. In the
late afternoon preceding the test day, rats were fasted
with free access to water. On the test day, animals
were weighed and then allowed to free feed for 20
min. The amount of food eaten and the weight of the
fed rats were calculated.
Following drug administration, each rat was monitored every 10 min for 180 min, and the time to first
defecation was assumed as an index of whole-gut
[24,25]
transit
.

Tensiometric studies

After induction of general anesthesia (pentobarbital 80
mg/kg ip), rats were killed by cervical dislocation. A
3-cm section of proximal colon (1 cm from the ileocecal sphincter), obtained through a midline incision of
the abdomen, was immediately placed in a cooled
modified Krebs’ solution (pH = 7.4) of the following
composition (mmol/L): NaCl 113, KCl 4.8, MgSO4 1.2,
CaCl2 (H2O) 2.2, NaH2PO4 1.2, NaHCO3 25, glucose 5.5,
and ascorbic acid 5.5. The specimen was then cleaned
and rinsed, and a circular ring (0.5-cm length) was
mounted in an organ bath (20 mL) filled with modified
Krebs’ solution, maintained at 37 ℃ and gassed with
a mixture of 95% O2 and 5% CO2. One end of the
circular ring was connected to a metal rod, while the
other end was attached to a strain gauge transducer
(FORT 25, WPI, Sarasota, FL, United States). Isometric
tension was measured by the PowerLab data acquisition system and recorded using Chart 5.5.5 (ADIn-

MATERIALS AND METHODS
Experimental animal model

All experimental procedures were performed in accordance with the Guidelines and Authorization for the
Use of Laboratory Animals (Italian Government, Ministry of Health) and according to the European Community Guidelines for Animal Care (DL 116/92, application
of the European Communities Council Directive of 24
November 1986 - 86/609/EEC).
Ten-week-old male Sprague-Dawley rats weighing
220-250 g at arrival (Envigo, San Pietro al Natisone,
Udine, Italy) were used. The animal protocol was
designed to minimize pain or discomfort to the animals.
Rats were housed in an animal facility with moni
tored temperature and light (12-h cycle and 21 ±
2 ℃). All cages were floored with sawdust, and bedding
was replaced on a regular basis. The animals were
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struments, Castle Hill, Australia). The colon ring was
allowed to equilibrate for at least 30 min prior to the
experiment. An initial load of 0.5 g tension was applied
to the preparation.
The neurogenic contractile response was measured
by applying a transmural stimulation (Electrical Field
Stimulation, EFS) at frequencies of 3, 5, and 10 Hz (14
V, 1 ms pulse, trains lasting 10 s) through two parallel
platinum electrodes connected to a stimulator (Digital
Stimulator, LE 12106, Letica, Ugo Basile, Italy). The
EFS results in an immediate relaxation, followed at the
end of EFS by a so-called off-contraction. This contractile response is indicative of a nervous reflex that
is abolished by tetrodotoxin and reduced by atropine
[26]
and tackykinin antagonists . Activation of enteric
nerves by EFS mimics the in vivo conditions in which
neurotransmitters are released by motor neurons to
the neuroeffector apparatus; the interaction between
the interstitial cells of Cajal, neurons, glial cells and
[27,28]
smooth muscle cells generates contraction
.
The myogenic contractile response was explored by
calculating the extent of contraction induced by acetylcholine (ACh, 0.1-100 µmol/L).
Both neurogenic and myogenic contractile responses were measured after incubation with the following
agents alone or in combination: granisetron hydrochloride (3 µmol/L, 15 min), ZnPPIX (10 µmol/L, 60
min), L-NNA (100 µmol/L, 20 min), and CORM-3 (100,
200, 400 µmol/L). For the last compound, CORM-3,
a water-soluble Ru-containing compound releasing
[29]
one mole of CO per mole , the effect was evaluated
within 10 min from administration to avoid its spontaneous breakdown.
The neurogenic contractile responses were
expressed as a percentage of three consecutive contractile responses to EFS (10 Hz, 14 V, 1 ms pulse,
trains lasting 10 s) recorded and averaged before drug
administration.
The myogenic contractile responses to ACh (0.1-100
µmol/L) were expressed as a percentage of tension
values elicited by the highest ACh concentration (100
µmol/L) before drug administration.
The activity of ZnPPIX and CORM-3 (indicative of a
specific CO-dependent effect) on neurogenic contractile response was measured in the absence and in the
presence of atropine (3 µmol/L).

received the same amount of vehicle as did drugtreated animals. In in vitro experiments, vehicle-treated preparations were exposed to the same amount of
vehicle as drug-treated preparations.

Statistical analysis

For in vivo study, Friedman’s ANOVA for repeated measures followed by a post hoc test was performed. For
in vitro study, two-way ANOVA for repeated measures
(treatment effect, frequencies or concentrations effect
and interaction effect, with frequency or concentrations
as repeated measure) was performed. When the interaction effect was significant, a one-way ANOVA at each
frequency or concentration was performed with preplanned multiple comparison tests for each treatment
vs vehicle.
The results are presented as individual observations (n = 8) for each in vivo treatment; results are
expressed as the mean ± SD of 6-8 preparations for
each in vitro treatment. Statistical analysis was performed by the biomedical statistician Dr. Margherita
Fanelli (coauthor) using SPSS software (version 20.0).
A P value < 0.05 was considered to indicate statistical
significance.

RESULTS
In vivo study

Effect of granisetron, ZnPPIX and hemin on the
time to first defecation: The average amount of food
eaten before drug administration was 5 g. After 20 min
of free access to food, the body weight increased by
approximately 8 g in all animals.
Consistent with results obtained in our previous
[9]
study , acute administration of granisetron increased
the time to first defecation. Interestingly, the delay to
first defecation was dose-dependent, with no significant effect measured for the lowest dose of granisetron
used (25 µg/kg) and with a substantial increase in the
time to first defecation observed in animals administered higher doses of granisetron; in this respect, both
50 and 75 µg/kg of granisetron were equally effective
(Friedman’s test = 13, P = 0.005, post hoc: granisetron 25 µg/kg vs vehicle, P = 0.132; granisetron 50
µg/kg vs vehicle, P = 0.045; granisetron 75 µg/kg vs
vehicle: P = 0.045) (Figure 1). A preliminary comparison of the amount of food eaten before vehicle or drug
administration showed no statistically significant differences among treatments (Friedman’s test = 0.958, P
= 0.811).
Although ZnPPIX (50 µg/kg) alone did not modify
the time to first defecation, co-administration of ZnPPIX (50 µg/kg) with granisetron (25, 50, 75 µg/kg)
was able to counteract the constipating effect of
granisetron: Friedman’s test = 10.486, P = 0.033;
post hoc comparisons: ZnPPIX vs vehicle: P = 1;
granisetron 25 µg/kg with ZnPPIX vs vehicle: P = 1;
granisetron 50 µg/kg with ZnPPIX vs vehicle: P = 1;

Drugs and chemicals

The following drugs were used: atropine sulphate and
granisetron hydrochloride dissolved in saline (Sigma
Chemical Co., St. Louis, Missouri, United States). Zinc
protoporphyrin IX and hemin were dissolved in 0.1 N
NaOH and equilibrated to a pH of 7.4 with HCl (Sigma
Chemical Co., St. Louis, Missouri, United States). Tricarbonyl Chloro(glycinato)ruthenium (Ⅱ) (CORM-3)
G
and N -nitro-L-Arginine (L-NNA) were dissolved in distilled water (Sigma Chemical Co., St. Louis, Missouri,
United States). In in vivo studies, vehicle-treated rats
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Figure 1 Effect of in vivo administration of granisetron on the time to first
defecation. In vivo treatment with granisetron (G) significantly increased the
time to first defecation at doses of 50 and 75 µg/kg. Friedman’s test = 13 P =
0.005, post hoc: G 25 µg/kg vs vehicle, P = 0.132; G 50 µg/kg vs vehicle, aP =
0.045; G 75 µg/kg vs vehicle, bP = 0.045. Each point represents an individual
observation.
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Figure 2 Effect of in vivo administration of zinc protoporphyrin alone and
with granisetron on the time to first defecation. Zinc protoporphyrin (ZnPPIX)
(50 µg/kg) did not affect the time to first defecation. Co-administration of
ZnPPIX (50 µg/kg) with granisetron (G) (25, 50, 75 µg/kg) abolished the effect
of G on its own. Friedman’s test = 10.486, P = 0.033; post-hoc comparisons:
ZnPPIX vs vehicle: P = 1; G 25 µg/kg + ZnPPIX vs vehicle: P = 1; G 50 µg/kg
+ ZnPPIX vs vehicle: P = 1; G 75 µg/kg + ZnPPIX vs vehicle: P = 0.132. Each
point represents an individual observation.
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case, a preliminary comparison of the amount of food
eaten before vehicle or drug administration showed no
statistically significant differences among treatments
(Friedman’s test = 2.205, P = 0.698).

150
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In vitro studies

Effects of granisetron on EFS-induced and AChinduced contractile response of colon preparations: Incubation of colon specimens with granisetron
did not significantly modify the contractile response
to EFS obtained in vehicle-treated samples (Ftreatments
= 1.26, df = 1/9, P = 0.29; Ffrequencies = 22.50, df =
2/18, P = 0.001; Ftreatments x frequencies = 1.79, df = 2/18, P
= 0.21) (Figure 4A). Interestingly, a trend to increase
the contractile effect induced by ACh (0.1-100 µmol/L)
was measured in samples incubated with granisetron,
although no statistical significance was measured with
respect to vehicle-treated samples (Ftreatments = 3.48, df
= 1/9, P = 0.09; Fconcentrations = 21.35, df = 3/27, P <
0.0001; Ftreatments x concentrations = 0.08, df = 3/27, P = 0.85)
(Figure 4B).

50
Vehicle

Hemin
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Hemin
Hemin
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+
+
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Figure 3 Effect of in vivo administration of hemin alone and with
granisetron on the time to first defecation. Hemin (50 µmol/L/kg) did not
affect the time to first defecation. Co-administration of hemin (50 µmol/L/kg)
with granisetron (G) (50, 75 µg/kg) resulted in an increased time to first
defecation. Friedman’s test = 20.364 P = 0.000; post-hoc comparisons: hemin
vs vehicle: P = 1; G 25 µg/kg + hemin vs vehicle: P = 0.108; G 50 µg/kg +
hemin vs vehicle: aP = 0.028; G 75 µg/kg + hemin vs vehicle: bP = 0.004. Each
point represents an individual observation.

granisetron 75 µg/kg with ZnPPIX vs vehicle: P = 0.132
(Figure 2). Similar to the previous case, a preliminary
comparison of the amount of food eaten before vehicle
or drug administration showed no statistically significant differences among treatments (Friedman’s test =
1.077, P = 0.898).
On the other hand, hemin (50 µmol/L/kg) alone or
co-administered with granisetron (25, 50, 75 µg/kg)
showed the following results: Friedman’s test =
20.364, P = 0.000; post hoc comparisons: hemin vs
vehicle: P = 1.000; granisetron 25 µg/kg with hemin
vs vehicle: P = 0.108; granisetron 50 µg/kg with
hemin vs vehicle: P = 0.028; granisetron 75 µg/kg
with hemin vs vehicle: P = 0.004), thus suggesting
that hemin does not alter the time to first defecation
when administered alone and does not modify the
constipating effect of granisetron when administered
in combination (Figure 3). Similar to the previous
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Effects of ZnPPIX on EFS-induced and AChinduced contractile response of colon preparations: When compared to vehicle-treated preparations, a significant decrease in the contractile response
to EFS was observed in specimens incubated with
ZnPPIX (10 µmol/L, 60 min) (Ftreatments = 8.78, df = 1/9,
P = 0.016; Ffrequencies = 50.33, df = 2/18, P < 0.0001;
Ftreatments x frequencies = 1.79, df = 2/18, P = 0.21) (Figure
5A). Interestingly, the ZnPPIX-mediated effect on EFS
was abolished by concomitant incubation with atropine
(3 µmol/L, 20 min) (Ftreatments = 1.44, df = 1/11, P =
0.25; Ffrequencies = 37.66, df = 2/22, P < 0.0001; Ftreatments
x frequencies = 2.74, df = 2/22, P = 0.09), therefore suggesting that ZnPPIX may exert its effects by inhibiting
the EFS-mediated release of endogenous ACh (Figure
5B). However, ZnPPIX did not affect the contractile
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Figure 4 Effects of in vitro treatment with granisetron on rat colon contractile response to electrical field stimulation and to acetylcholine. A: Incubation
with granisetron (G) (3 µmol/L, 15 min) did not significantly modify the electrical field stimulation (EFS)-induced contractile response compared to vehicle. ANOVA
results: Ftreatments = 1.26, df = 1/9, P = 0.29; Ffrequencies = 22.50, df = 2/18, P = 0.001; Ftreatments x frequencies = 1.79, df = 2/18, P = 0.21; B: Incubation with G (3 µmol/L, 15 min)
did not affect the contractile response to acetylcholine (ACh) (0.1-100 µmol/L) compared to vehicle. ANOVA results: Ftreatments = 3.48, df = 1/9, P = 0.09; Fconcentrations =
21.35, df = 3/27, P < 0.0001; Ftreatments x concentrations = 0.08, df = 3/27, P = 0.85. Values are expressed as the mean ± SD of 6-8 experiments.

response to exogenous ACh (0.1-100 µmol/L) compared to vehicle (Ftreatments = 0.006, df = 1/9, P = 0.94;
Fconcentrations = 36.89, df = 3/27, P < 0.0001; Ftreatments x
concentrations = 0.84, df = 3/27, P = 0.45) (Figure 5C).
Effects of CORM-3 on EFS-induced and AChinduced contractile response of colon preparations: Assessment of the EFS-induced contractile
response after CORM-3 (100-400 µmol/L) administration shows that CORM-3 (400 µmol/L) significantly
increased the EFS-induced contractile response compared to vehicle at 10 Hz [Ftreatments = 2.75, df = 3/20,
P = 0.07; Ffrequencies = 55.38, df = 2/40, P < 0.0001;
Ftreatments x frequencies = 4.36, df = 6/40, P = 0.002; at 10
a
Hz: CORM-3 (400 µmol/L) vs vehicle P = 0.01] (Figure
6A).
When repeated after 20-min incubation with atropine (3 µmol/L, 20 min), the increased EFS-induced
contractile response by CORM-3 (400 µmol/L) administration was abolished: Ftreatments = 3.06, df = 3/20,
P = 0.052; Ffrequencies = 50.05, df = 2/40, P < 0.0001;
Ftreatments x frequencies = 1.14, df = 6/40, P = 0.36. Consistent with the results obtained with ZnPPIX, these
observations suggest that CORM-3 may enhance the
EFS-induced release of endogenous ACh (Figure 6B).
Analysis performed to determine the effect of
CORM-3 administration (100-400 µmol/L) on the contractile response to exogenous ACh (0.1-100 µmol/L)
showed that incubation with CORM-3 (400 µmol/L)
increases the contractile response to the highest ACh
concentration (100 µmol/L) compared to vehicletreated samples [Ftreatments = 2.28, df = 3/22, P = 0.11;
Fconcentrations = 86.22, df = 3/66, P < 0.0001; Ftreatments
x concentrations = 3.49, df = 9/66, P = 0.02; for ACh 100
µmol/L: CORM-3 (400 µmol/L) vs vehicle: P = 0.012]
(Figure 6C).

µmol/L, 15 min), incubation with ZnPPIX (10 µmol/L,
60 min) did not significantly modify the EFS-induced
contraction compared to vehicle-treated samples (Ftreatments = 0.43, df = 1/8, P = 0.53; Ffrequencies = 55.35, df =
2/16, P < 0.0001; Ftreatments x frequencies = 1.66, df = 2/16,
P = 22) (Figure 7A). Because incubation with ZnPPIX
alone decreased the contractile response to EFS (Figure
5A), it is plausible to infer that co-administration of
granisetron was responsible for the abolished effects of
ZnPPIX on EFS-induced colon contraction.
Co-administration of ZnPPIX (10 µmol/L, 60 min)
and granisetron (3 µmol/L, 15 min) did not modify the
myogenic contractile response to ACh (Ftreatments = 0.22,
df = 1/8, P = 0.65; Fconcentrations = 39.19, df = 3/24, P <
0.0001; Ftreatments x concentrations = 4.06, df = 3/24, P = 0.02).
(Figure 7B).
When the effects of CORM-3 (100-400 µmol/L) on
the EFS-induced contractile response were analyzed
in combination with granisetron (3 µmol/L, 15 min),
the results showed that coincubation of CORM-3 (400
µmol/L) and granisetron significantly increased the
EFS-induced contractile response when compared to
vehicle-treated samples at 5 and 10 Hz [Ftreatments = 5.47,
df = 3/19, P < 0.01; Ffrequencies = 55.40, df = 2/38, P <
0.0001; Ftreatments x frequencies = 3.05, df = 6/38, P = 0.04;
granisetron (3 µmol/L, 15 min) and CORM-3 (400
µmol/L) vs vehicle at 5 Hz: P = 0.007 and at 10 Hz: P
= 0.001 (Figure 7C).
Interestingly, when compared to vehicle-treated
samples, the concomitant incubation of CORM-3 (400
µmol/L) with granisetron significantly increased the
myogenic response to ACh at 10 and 100 µmol/L (Ftreatments = 7.40, df = 3/19, P = 0.002; Fconcentrations = 61.69,
df = 3/57, P < 0.0001; Ftreatments x concentrations = 3.55, df =
9/57, P = 0.027; at ACh 10 µmol/L: P = 0.001 and at
ACh 100 µmol/L: P = 0.001) (Figure 7D).

Effects of co-administration of granisetron with
ZnPPIX or CORM-3 on EFS-induced and AChinduced contractile response of colon preparations: When co-administered with granisetron (3

Effects of co-administration of granisetron, ZnPPIX, L-NNA and granisetron, CORM-3, L-NNA
on EFS-induced and ACh-induced contractile
response of colon preparations: When co-adminis-
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Figure 5 Effects of in vitro treatment with zinc protoporphyrin on rat
colon contractile response to electrical field stimulation, without and with
atropine, and to acetylcholine. A: Incubation with zinc protoporphyrin (ZnPPIX)
(10 µmol/L, 60 min) significantly reduced the electrical field stimulation (EFS)induced contractile response compared to vehicle. ANOVA results: Ftreatments =
8.78, df = 1/9, aP = 0.016; Ffrequencies = 50.33, df = 2/18, P < 0.0001; Ftreatments x
frequencies = 1.79, df = 2/18, P = 0.21); B: Co-incubation with ZnPPIX (10 µmol/L,
60 min) with atropine (3 µmol/L, 20 min) abolished the effect of ZnPPIX alone.
ANOVA results: Ftreatments = 1.44, df = 1/11, P = 0,25; Ffrequencies = 37.66, df = 2/22,
P < 0.0001; Ftreatments x frequencies = 2.74, df = 2/22, P = 0.09; C: Incubation with
ZnPPIX (10 µmol/L, 60 min) had no effect on contractile response to atropine
(Atr) (0.1-100 µmol/L) compared to vehicle. ANOVA results: Ftreatments = 0.006,
df = 1/9, P = 0.94; Fconcentrations = 36.89, df = 3/27, P < 0.0001; Ftreatments x concentrations
= 0.84, df = 3/27, P = 0.45. Values are expressed as the mean ± SD of 6-8
experiments.
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Figure 6 Effects of in vitro treatment with CORM-3 on rat colon contractile
response to electrical field stimulation, without and with atropine, and
to acetylcholine. A: Incubation with CORM-3 (C) (400 µmol/L) significantly
increased the electrical field stimulation (EFS)-induced contractile response
compared to vehicle at 10 Hz. ANOVA results: Ftreatments = 2.75, df = 3/20, P =
0.07; Ffrequencies = 55.38, df = 2/40, P < 0.0001; Ftreatments x frequencies = 4.36, df = 6/40,
P = 0.002. At 10 Hz: C (400 µmol/L) vs vehicle aP = 0.01; B: Co-incubation of
C (100-400 µmol/L) with atropine (Atr) (3 µmol/L, 20 min) abolished the effect
of C when administered alone. ANOVA results: Ftreatments = 3.06, df = 3/20, P
= 0.052; Ffrequencies = 50.05, df = 2/40, P < 0.0001; Ftreatmentss x frequencies = 1.14, df
= 6/40, P = 0.36; C: Incubation with C (400 µmol/L) increased the contractile
response to acetylcholine (ACh) (100 µmol/L) compared to vehicle. ANOVA
results: Ftreatments = 2.28, df = 3/22, P = 0.11; Fconcentrations = 86.22, df = 3/66, P <
0.0001; Ftreatments x concentrations = 3.49, df = 9/66, P = 0.02. For ACh 100 µmol/L: C
(400 µmol/L) vs vehicle: bP = 0.012. Values are expressed as the mean ± SD of
6-8 experiments.

tration of granisetron (3 µmol/L, 15 min) and ZnPPIX
(10 µmol/L, 60 min) was combined with L-NNA (100
µmol/L, 20 min), no difference in EFS-induced contractile effects was observed compared to vehicle-treated
samples (Ftreatments = 0.08, df = 1/9, P = 0.79, Ffrequencies
= 24.89, df = 2/18, P < 0.0001; Ftreatments x frequencies
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150

5
Hz

= 0.03, df = 2/18, P = 0.91) (Figure 8A). Similarly,
contractile responses to exogenous ACh administration were not modified by concomitant administration
of granisetron, ZnPPIX and L-NNA (vs vehicle-treated
samples) (Ftreatments = 0.03, df = 1/9, P = 0.87; Fconcentra-
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Figure 7 Effects of in vitro treatment with granisetron and zinc protoporphyrin and with granisetron and CORM-3 on rat colon contractile response to
electrical field stimulation (EFS) and to acetylcholine (ACh). A: Co-incubation with granisetron (G) (3 µmol/L, 15 min) and zinc protoporphyrin (ZnPPIX) (10
µmol/L, 60 min) did not significantly modify the EFS-induced contraction compared to vehicle. ANOVA results: Ftreatments = 0.43, df = 1/8, P = 0.53; Ffrequencies = 55.35, df
= 2/16, P < 0.0001; Ftreatments x frequencies = 1.66, df = 2/16, P = 2; B: Co-incubation with G (3 µmol/L, 15 min) and ZnPPIX (10 µmol/L, 60 min) did not modify the myogenic
contractile response to acetylcholine (ACh) (0.1-100 µmol/L) compared to vehicle. ANOVA results: Ftreatments = 0.22, df = 1/8, P = 0.65; Fconcentrations = 39.19, df = 3/24, P
< 0.0001; Ftreatments x concentrations = 4.06, df = 3/24, P = 0.02; C: Co-incubation with G (3 µmol/L, 15 min) and CORM-3 (C) (400 µmol/L) increased the contractile response
to EFS at 5 and 10 Hz compared to vehicle. ANOVA results: Ftreatments = 5.47, df = 3/19, P < 0.01; Ffrequencies = 55.40, df = 2/38, P < 0.0001; Ftreatments x frequencies = 3.05, df =
6/38, P = 0.04. G (3 µmol/L, 15 min) and C (400 µmol/L) vs vehicle at 5 Hz: aP = 0.007 and at 10 Hz: bP = 0.001; D: Co-incubation of G (3 µmol/L, 15 min) and C (400
µmol/L) increased the contractile response at ACh 10 and 100 µmol/L compared to vehicle. ANOVA results: Ftreatments = 7.40, df = 3/19, P = 0.002; Fconcentrations = 61.69, df
= 3/57, P < 0.0001; Ftreatments x concentrations = 3.55, df = 9/57, P = 0.027. G (3 µmol/L, 15 min) and C (400 µmol/L) compared to vehicle at ACh 10 µmol/L: cP = 0.001 and at
ACh 100 µmol/L: dP = 0.001. Values are expressed as the mean ± SD of 6-8 experiments.

= 45.18, df = 3/27, P < 0.0001; Ftreatments x concentrations
= 3.90, df = 3/27, P = 0.04) (Figure 8B).
Co-administration of granisetron (3 µmol/L, 15 min)
and CORM-3 (100-400 µmol/L) with L-NNA (100 µmol/L,
20 min) did not affect the EFS-induced contractile
response at any frequency investigated (vs vehicletreated samples) (Ftreatments = 0.83, df = 3/18, P = 0.49,
Ffrequencies = 25.51, df = 2/36, P < 0.0001; Ftreatments x
frequencies = 0.89, df = 6/36, P = 0.50) (Figure 8C) and
did not modify the contractile responses to exogenous
ACh administration (vs vehicle-treated samples) (Ftreatments = 3.38, df = 3/17, P = 0.04; Fconcentrations = 33.08,
df = 3/57, P < 0.0001; Ftreatments x concentrations = 1.47, df =
9/51, P = 0.25, pre-planned contrast not significant)
(Figure 8D).

= 6.73, df = 1/11, P = 0.025; Ffrequencies = 16.80, df =
2/22, P = 0.001; Ftreatments x frequencies = 1.26, df = 2/22, P
= 0.30) (Figure 9A).
Likewise, administration of granisetron (3 µmol/L,
15 min) and L-NNA (100 µmol/L, 20 min) increased
the myogenic response to ACh compared to vehicletreated samples (Ftreatments = 25.33, df = 1/11, P <
0.001; Fconcentrations = 80.22, df = 3/33, P < 0.0001;
Ftreatments x concentrations = 15.8, df = 3/33, P = 0.001; t-test
for ACh 10 µmol/L: t = 5.06, P = 0.000 and for ACh
100 µmol/L: t = 4.99, P = 0.000) (Figure 9B).

tions

DISCUSSION
This study was planned to clarify the mechanisms
underlying the potential contribution of the HO/CO
pathway in the constipating effects of granisetron in
rats. In a previous report, we found that inhibition of
HO or increased expression of HO-1 in rat duodenum
was able to influence the granisetron effects on the
[9]
EFS-dependent response . These findings provided
a first evidence that the HO/CO pathway may play a

Effects of co-administration of granisetron and
L-NNA on EFS-induced and ACh-induced contractile response of colon preparations: Co-administration of granisetron (3 µmol/L, 15 min) and L-NNA (100
µmol/L, 20 min) increased the contractile response
to EFS compared to vehicle-treated samples (Ftreatments
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Figure 8 Effects of in vitro treatment with granisetron, zinc protoporphyrin and NG-nitro-L-Arginine and with granisetron, CORM-3 and L-NNA on rat colon
contractile response to electrical field stimulation and to acetylcholine. A: Co-incubation with granisetron (G) (3 µmol/L, 15 min), ZnPPIX (10 µmol/L, 60 min)
and NG-nitro-L-Arginine (L-NNA) (100 µmol/L, 20 min) did not affect the electrical field stimulation (EFS)-induced contractile response compared to vehicle. ANOVA
results: Ftreatments = 0.08, df = 1/9, P = 0.79; Ffrequencies = 24.89, df = 2/18, P < 0.0001; Ftreatments x frequencies = 0.03, df = 2/18, P = 0.91; B: Co-incubation with G (3 µmol/L,
15 min), zinc protoporphyrin (ZnPPIX) (10 µmol/L, 60 min) and L-NNA (100 µmol/L, 20 min) did not affect the contractile response to acetylcholine (ACh) (0.1-100
µmol/L) compared to vehicle. ANOVA results: Ftreatments = 0.03, df = 1/9, P = 0.87; Fconcentrations = 45.18, df = 3/27, P < 0.0001; Ftreatments x concentrations = 3.90, df = 3/27, P = 0.04;
C: Co-incubation with G (3 µmol/L, 15 min), C (100-400 µmol/L) and L-NNA (100 µmol/L, 20 min) did not affect the EFS-induced contractile response compared to
vehicle. ANOVA results: Ftreatments = 0.83, df = 3/18, P = 0.49, Ffrequencies = 25.51, df = 2/36, P < 0.0001; Ftreatments x frequencies = 0.89, df = 6/36, P = 0.50; D: Co-incubation with G (3
µmol/L, 15 min), CORM-3 (C) (100-400 µmol/L) and L-NNA (100 µmol/L, 20 min) did not affect the contractile response to ACh (0.1-100 µmol/L) compared to vehicle.
ANOVA results: Ftreatments = 3.38, df = 3/17, P = 0.04, Fconcentrations = 33.08, df = 3/57, P < 0.0001; Ftreatments x concentrations = 1.47, df = 9/51, P = 0.25. Values are expressed as
the mean ± SD of 6-8 experiments.

role in the constipating activity of granisetron. However, because constipation is more closely related to
abnormalities of colon motility, rather than in the duo[16-19]
denum
, we planned to focus directly on the colon
contractile responses. Moreover, in our previous study,
the role of the HO/CO pathway on rat duodenum was
[9]
evaluated under NANC conditions to avoid the overwhelming effects of the main neurotransmitters at the
gastrointestinal level, namely ACh and noradrenaline
(NA). However, neurogenic gastrointestinal motility is
strictly dependent on ACh and NA-mediated effects,
and the functional relevance of NANC neurotransmis[30]
sion in vivo is still largely unknown . Thus, in this
work, the assessment of colon neurogenic response to
granisetron was investigated under conditions directly
resembling the existing intestinal environment.
Consistent with literature data reporting constipation in patients treated with granisetron as an anti[11,15]
emetic therapy
, we observed an increased time
to first defecation, a recognized indicator of whole-gut
[24,25]
transit
, after acute administration of granisetron
in rats. Granisetron-induced constipation was abol-
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ished by in vivo co-administration with ZnPPIX (HO
inhibitor), whereas co-administration of hemin (HO-1
inducer) did not decrease the delayed time to first
defecation observed in granisetron-treated rats. These
data support an active role of the HO/CO system in
[9]
the constipating effect of granisetron . Interestingly,
neither ZnPPIX nor hemin was able to affect rat gastrointestinal motility when administered alone in vivo.
This is not surprising because the HO/CO pathway is
likely to be a fine-tuning mechanism whose activity
may enhance or limit the extension of major signals
involved in the integrated control of colon motility.
Consistent with this view, and with studies reporting a substantial effect of 5-HT3 antagonists only in
the presence of high levels of 5-HT, either exogenously
administered or endogenously released from enterochromaffin cells (for example, by mucosal pressure,
[31-33]
distortion and/or chemical stimuli
), granisetron
administration in vitro did not significantly inhibit the
contractile response to EFS and showed a borderline
trend to increase the contraction mediated by ACh (P
= 0.09). Interestingly, colon contractile responses to
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Figure 9 Effects of in vitro treatment with granisetron and NG-nitro-L-Arginine on rat colon contractile response to electrical field stimulation and to
acetylcholine. A: Co-incubation with granisetron (G) (3 µmol/L, 15 min) and NG-nitro-L-Arginine (L-NNA) (100 µmol/L, 20 min) resulted in significantly increase of
electrical field stimulation (EFS)-induced contractile responses at all frequencies used compared to vehicle. ANOVA results: Ftreatments = 6.73, df = 1/11, aP = 0.025;
Ffrequencies = 16.80, df = 2/22, P = 0.001; Ftreatments x frequencies = 1.26, df = 2/22, P = 0.30; B: Co-incubation with G (3 µmol/L, 15 min) and L-NNA (100 µmol/L, 20 min)
resulted in significantly increased contractile response induced by acetylcholine (ACh) (10 and 100 µmol/L) compared to vehicle. ANOVA results: Ftreatments = 25.33, df
= 1/11, P < 0.001; Fconcentrations = 80.22, df = 3/33, P < 0.0001; Ftreatments x concentrations = 15.8, df = 3/33, P = 0.001. T-test for ACh 10 µmol/L: t = 5.06, bP = 0.000 and for ACh
100 µmol/L: t = 4.99, cP = 0.000. Values are expressed as the mean ± SD of 6-8 experiments.

EFS were decreased in vitro by incubation with ZnPPIX alone. Because ZnPPIX inhibits the HO-mediated
production of CO, it is plausible to infer that the EFSdependent contraction is mediated, at least in part, by
CO. This hypothesis is consistent with studies reporting
an almost completely abolished inhibitory response
to EFS in jejunal smooth muscle strips of mice with
targeted genomic deletion of HO-2. Concomitantly,
in these animals, an exogenous administration of CO
[34]
restores the EFS response .
CO appears to have a facilitatory effect on EFSmediated ACh release, as suggested by the impaired
ACh release observed in frog neuromuscular junctions
[35]
under ZnPPIX incubation . Analogous behavior was
observed in our study in which the impaired contractile
response to EFS obtained under ZnPPIX was restored
by concomitant incubation with the muscarinic antagonist atropine. This finding, together with the lack of any
effect of ZnPPIX on the myogenic contractile response
to exogenous ACh, implies that a phasic CO production
is required for physiological ACh release in rat colon.
The potential role of CO on granisetron effects,
investigated in vivo by co-administration of hemin, was
mimicked in vitro by co-administration of CORM-3, a
CO-releasing molecule able to replicate the effects of
[3,36]
HO-1 stimulation with hemin
. At the highest dose
used (400 µmol/L) CORM-3 significantly increases the
contractile response to both EFS (10 Hz) and exogenous ACh (100 µmol/L). These findings suggest that
one mechanism by which CO may enhance the contractile response in rat colon is by facilitating the release
of endogenous ACh. In addition, CO may indirectly
potentiate the ACh contractile effects, as proposed by
[37]
Lim et al , by concurrently activating L-type calcium
channels in human intestinal smooth muscle via a nitric
oxide (NO)-dependent mechanism. The binding of NO
to guanylyl cyclase with subsequent changes in cAMP
2+
and intracellular Ca levels will eventually lead to acti[37]
vation of the “contractile apparatus” .
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When granisetron and CORM-3 were co-administered, the colon’s contractile responses to both EFS and
ACh were further increased, suggesting a synergistic
effect between these two substances. Similarly, when
granisetron and ZnPPIX were co-administered, the
effects of ZnPPIX alone were lost. Although the exact
mechanism of granisetron and HO/CO system interplay
remains to be clearly established, some explanations
may be proposed: one is that, as suggested by the
[38]
bell-shaped curve for in vivo response , granisetron
may behave as a partial agonist at the concentrations
[39,40]
used for the present in vitro and in vivo studies
. In
this case, the activation of 5-HT3 receptors followed by
subsequent increased release of ACh may have overcome the inhibition of ACh release secondary to ZnPPIX. Concomitantly, acting as a partial 5-HT3 agonist,
granisetron may synergistically potentiate CORM-3
effects by increasing calcium influx.
2+
Because the activation of L-type Ca channels
operated by CO is a NO-dependent mechanism, inhibition of NO production is expected to decrease the
CORM-3-mediated effects. Indeed, in the presence of
NO synthase inhibitor L-NNA, the potentiating effect of
CORM-3 on granisetron activity was lost, confirming
the necessary role of NO for the observed activities.
Because of the nature of the study, the following
limitations must be considered. First, we cannot conclusively exclude that the colon response to granisetron/
ZnPPIX treatment might be related to changes in the
serotonergic system; nevertheless, the results obtained
strongly suggest that the constipating effect of granisetron is only indirectly affected by ZnPPIX, which acts
through reduction of EFS-induced acetylcholine release.
Second, it is not clear whether the alleviation of granisetron-induced constipation might affect the antiemetic
potential of this drug; studies directly evaluating this
parameter would require a specific animal model and
a completely different experimental approach, both of
which are unavailable at this time. However, our per-
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Figure 10 Potential relationship between granisetron, ZnPPIX (HO-1/2 inhibitor), and CORM-3 (CO-releasing agent) on colon neurogenic and myogenic
contractile responses. Acting on 5-HT3 receptors, granisetron may increase calcium influx, thus facilitating the release of acetylcholine (ACh) (neurogenic response),
which in turn elicits a myogenic contractile response. By inhibiting the heme oxygenase (HO)-mediated carbon monoxide (CO) production, ZnPPIX may reduce the
nerve terminal release of ACh, thereby counteracting granisetron effects. By releasing carbon monoxide (CO), CORM-3 may enhance the ACh-mediated myogenic
contraction via a nitric oxide (NO)-dependent mechanism resulting in increased intracellular cAMP and calcium levels, with subsequent activation of L-type calcium
channels and potentiation of the granisetron-mediated myogenic response.

ception is that alleviation of granisetron-induced constipation does not interfere with its antiemetic activity
because this last effect relates to granisetron’s ability
to reach the CNS. In this regard, it has been reported
[1,41]
that ZnPPIX does not cross the blood-brain barrier
.
Thus, it is plausible that the effects of ZnPPIX to reduce
granisetron-induced constipation are related to peripheral mechanisms not involving the CTZ. Third, gastrointestinal transit (GIT) was measured by observing the
time to first defecation after food ingestion; although
intragastric administration of a non-absorbable, colored
marker is considered the reference method to measure
GIT, additional gavage administration would increase
stress in animals and potentially affect the parameter
evaluated. In our study, we considered the delayed
GIT in rats treated with granisetron (compared to rats
treated with vehicle) as a positive control to evaluate
the effects of ZnPPIX and CORM-3 on the “time to first
defecation” after food ingestion.
In conclusion, findings from the present study may
shed light on the involvement of the HO/CO pathway
in the neurogenic and myogenic contractile responses
in rat colon and propose potential mechanisms underlying the interaction of granisetron and CO on colon
motility (Figure 10).
Considering that granisetron is mainly used to pre-

WJG|www.wjgnet.com

vent chemotherapy-induced nausea and vomiting in
cancer patients and that increased expression of HO-1
[42]
has been observed in several cancer types , our findings suggest that HO inhibitors may be a reasonable
therapeutic approach to reduce the unwanted constipating effects of granisetron.
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Abstract
AIM
To evaluate the pathogenic role of toll-like receptor
(TLR) gene polymorphisms in patients with nonalcoholic fatty liver disease (NAFLD).
METHODS
Two hundred and fifty subjects (NAFLD = 200, healthy
volunteers = 50) underwent polymerase chain reaction
and restriction fragment length polymorphism to
assess one polymorphism in the toll-like receptor 2
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[1-3]

(TLR2 ) gene (A753G), two polymorphisms in the TLR4
gene (TLR4 Asp299Gly and Thr399Ile allele), and
two polymorphisms in the cluster of differentiation 14
(CD14 ) (C-159T and C-550T) gene, a co-receptor of
TLR4. Association of TLR gene polymorphisms with
NAFLD and its severity was evaluated by genetic
models of association.

hepatocellular carcinoma (HCC) . Familial studies
and inter-ethnic variation in susceptibility to the
disease suggest that genetic factors are important in
the occurrence and determining the risk of progressive
[4]
NAFLD . Studies suggests a strong association
of NAFLD with patatin-like phospholipase domain
[5-7]
containing 3 gene polymorphism , as well as incon
[8,9]
clusive association with apolipoprotein C-Ⅲ
and
[10]
human hemochromatosis gene mutations .
Emerging data suggest the role of small intestinal
bacterial overgrowth (SIBO) and gut-derived endotoxins
in the pathogenesis of NAFLD via inducing the release
of proinflammatory cytokines, including tumor necrosis
factor-α (TNF-α) from hepatic Kupffer cells.
Toll-like receptors (TLRs) are the most important
[11,12]
family of pattern recognition receptors
; they
are the sensors for recognizing bacterial and viral
components, such as lipopolysaccharides, bacterial
DNA, and peptidoglycan. Of the various TLRs, tolllike receptor 2 (TLR2), TLR4, the co-receptor cluster
of differentiation 14 (CD14), and TLR9 have been well
studied in the pathogenesis of NAFLD. In addition
[13,14]
to animal studies, two human studies
have also
suggested a higher risk of developing NASH in patients
with NAFLD that possess CD14 gene polymorphism.
The aim of our study was to evaluate the role of
TLR polymorphisms in the causation and severity of
NAFLD.

RESULTS
On both multiplicative and recessive models of gene
polymorphism association, there was significant
association of CD14 C (-159) T polymorphism with
NAFLD; patients with TT genotype had a 2.6 fold
increased risk of developing NAFLD in comparison
to CC genotype. There was no association of TLR2
Arg753Gln, TLR4 Asp299Gly, Thr399Ile, and CD14
C (-550) T polymorphisms with NAFLD. None of the
TLR gene polymorphisms had an association with
histological severity of NAFLD.
CONCLUSION
Patients with CD14 C (-159) T gene polymorphism, a
co-receptor of TLR4, have an increased risk of NAFLD
development.
Key words: Non-alcoholic steatohepatitis; Nonalcoholic fatty liver disease; Toll-like receptors; Obesity,
Cirrhosis; Insulin resistance; Bacterial overgrowth
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Our study demonstrated that non-alcoholic
fatty liver disease (NAFLD) patients with TT genotype
of C (-159) T polymorphism in cluster of differentia
tion 14 promoter gene have a higher risk of NAFLD
development. However, this polymorphism did not
affect liver disease severity. We found no association of
toll-like receptor (TLR) 2 ARG753, TLR4 (Asp299Gly),
TLR4 (Thr399Ile), and CD 14 C/T 550 polymorphisms
with the risk of NAFLD development.

Patients

This was a case-controlled study where 250 subjects
[NAFLD (n = 200, males = 122, mean age 38.27± 10.3
years) and healthy volunteers (HVs) (n = 50, males =
38, mean age 36.56 ± 4.2 years] were enrolled after
informed consent. The study had the approval of the
Institute’s Ethics Committee. All subjects were enrolled
prospectively, with the exception of 28 patients with
biopsy-proven NAFLD; their records were retrieved
from the existing database and were called again for
consent and fresh sampling for TLR polymorphisms.
Patients with NAFLD were recruited as per the standard
inclusion criteria. Fifty age and gender matched HVs
were recruited, as per the guidelines from the Indian
Council of Medical Research, and they all had normal
liver function tests, normal fasting plasma glucose,
normal lipid profile, and no evidence of fatty liver on
ultrasound.

Kapil S, Duseja A, Sharma BK, Singla B, Chakraborti A, Das A,
Ray P, Dhiman RK, Chawla Y. Genetic polymorphism in CD14
gene, a co-receptor of TLR4 associated with non-alcoholic fatty
liver disease. World J Gastroenterol 2016; 22(42): 9346-9355
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i42/9346.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i42.9346

Inclusion criteria for NAFLD: (1) age greater than
13 years; (2) non-alcoholic individuals, defined as
either total abstainers or individuals who consumed
less than 20 g of alcohol per day. History of alcohol
consumption was confirmed by two family members
of the patient; (3) raised serum transaminases
more than one and a half times the upper limit of
normal for at least 3 mo; (4) ultrasound showing

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a spec
trum condition, ranging from simple steatosis to its
progressive form of non-alcoholic steatohepatitis
(NASH), and has emerged as an important cause
of the otherwise unexplained increase in hepatic
transaminases, cryptogenic cirrhosis, and cryptogenic
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features of steatosis; (5) negative viral markers
(HBsAg/Anti HCV), negative autoimmune markers
[antinuclear antibody (ANA), anti-smooth muscle
antibody, anti-liver kidney microsomal antibody,
and anti-mitochondrial antibody (AMA)]; (6) normal
ceruloplasmin/negative Kayser-Fleischer rings; (7)
normal iron work up [serum iron, total iron binding
capacity (TIBC), ferritin, and transferrin saturation];
and (8) liver biopsy consistent with NAFLD (60 cases
where liver biopsy was performed).

methodology. A fasting plasma glucose of > 126
mg/dL on more than one occasion or a random plasma
glucose of > 200 mg/dL in a symptomatic patient
was defined as diabetes mellitus. Fasting plasma
glucose of > 110 and < 126 mg/dL was defined as
impaired fasting glucose and 2 h post-prandial plasma
glucose between 140 and 200 mg/dL as impaired
glucose tolerance. Lipid profile was determined in all
patients and serum cholesterol > 200 mg/dL, HDL <
40 mg/dL in males and < 50 mg/dL in females, LDL
> 130 mg/dL, and serum TG > 150 mg/dL was taken
as abnormal. Serum iron and TIBC were measured
by the colorimetric method and serum ferritin was
measured using an enzyme immunoassay kit (Orgentec
Diagnostika GmbH, Germany). Virological markers,
such as HBV (HBsAg, HBeAg), and HCV (anti-HCV),
and auto immune markers including ANA anti-smooth
muscle antibodies, anti-liver-kidney microsomes,
and AMA were determined using enzyme-linked
immunosorbent assay (ELISA).

Exclusion criteria for NAFLD: (1) pregnant females;
(2) patients with history of drug intake likely to cause
NAFLD (e.g., corticosteroids, methotrexate, and
tamoxifen); (3) jejunoileal bypass or extensive small
bowel resection; (4) total parenteral nutrition at the
time of liver biopsy; and (5) clinical, imaging, or liver
biopsy features of liver cirrhosis.

Anthropometry

Height was determined with a measuring tape to the
nearest cm. Subjects were requested to stand upright
without shoes with their heels tight against the wall
and eyes directed forward. Weight was measured
in kilograms (kg) with a traditional spring balance,
which was kept on a firm horizontal surface and the
scale checked every day. Body Mass Index (BMI)
was calculated using the formula: weight (kg)/height
2
(m ). Waist circumference was taken as the average
of two measurements taken after inspiration and after
expiration at the midpoint between the lowest rib and
the iliac crest. Hip circumference was taken at the
level of greater trochanter and waist-to-hip ratio was
defined as the ratio of the waist and hip circumference.
Patients were classified as being lean, overweight,
class Ⅰ obese, class Ⅱ obese, or centrally obese as per
2
the Asian Pacific criteria (lean: BMI = 18-23 kg/m ;
2
overweight: > 23 < BMI < 25 kg/m ; class Ⅰ obesity:
2
2
BMI ≥ 25-30 kg/m ; class Ⅱ obesity: BMI > 30 kg/m ;
central obesity: waist circumference > 90 cm in males
[15,16]
and > 80 cm in females)
.

Imaging

All patients with NAFLD and CVH, as well as the HVs,
were subjected to an abdominal ultrasound to detect
and grade the degree of hepatic steatosis.

Metabolic syndrome

Metabolic syndrome was defined by the presence of ≥
3 out of 5 modified adult treatment panel Ⅲ criteria,
including modified abnormal waist as per the Asia
Pacific criteria, FPG > 110 mg/dL or known diabetes,
hypertension (blood pressure ≥ 130/85 mmHg or on
antihypertensive drugs), serum TG > 150 mg/dL, and
[17]
HDL < 40 mg/dL in males or < 50 mg/dL in females .

Histopathology

Sixty patients with NAFLD (32 recruited prospectively
and 28 retrieved from database) were histologically
assessed for degree of hepatic steatosis and fibrosis,
and then divided into NASH, borderline NASH and noNASH, as per the NAFLD activity score (NAS) given
by the Nonalcoholic Steatohepatitis Clinical Research
[18]
Network .

Biochemical assessment

All patients with NAFLD underwent detailed baseline
investigations, with selective investigations performed
with HVs. In patients undergoing liver biopsy (32
= prospective, with 28 retrieved from the existing
database), laboratory parameters were measured
before the procedure. Serum bilirubin, aspartate
aminotransferases, alanine aminotransferases (ALT)
(Diagnosticum Rt., Budapest, Hungary), alkaline
phosphatase (Reckon Diagnostics, Baroda, India),
albumin, globulin (Far Diagnostics, Verona, Italy), total
cholesterol, triglycerides (TG), high-density lipoprotein
(HDL) cholesterol, and low-density lipoprotein
(LDL) cholesterol (Roche Diagnostics, Indianapolis,
United States) were determined as per the standard
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Polymorphisms in the genes encoding for receptors
(TLR2, TLR4, CD14)

Polymorphisms in the genes encoding for receptors
(TLR2, TLR4, and CD14) were detected by polymerase
chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) to assess one polymorphism
in the TLR2 gene (Arg753Gln), two in the TLR4 gene
(TLR4 Asp299Gly and Thr399Ile allele), and two
polymorphisms in the CD14 gene (C-159T and C-550T).
PBMC and genomic DNA isolation: PBMC were
isolated from whole blood samples using Ficoll-Hypaque
differential density gradient centrifugation procedures.
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Table 1 Primer sequences, polymerase chain reaction conditions, and product sizes of different genes
Polymorphism site

Primer sequence (5'-3')

TLR4 (Asp299gly)
F: GATTAGCATACTTAGACTACTACCTCCATG
R: GATCAACTTCTGAAAAAGCATTCCCAC

TLR4 (Thr399Ile)
F: GGTTGCTGTTCTCAAAGTGATTTTGGGAGAA
R: CCTGAAGACTGGAGAGTGAGTTAAATGCT

TLR2 (Arg753Gln)
F: 5’-CCTTCAAGTTGTGTCTTCATAAG-3’
R: 5’-GGCCACTCCAGGTAGGTCTT-3’

CD14 (-550C/T)
F: GGAAGGGGGAATTTTTCTTTAGGC
R: -GGCAGTGTCCTGATGACTCA

CD14 (-159C/T)
F: ATCATCCTTTTCCCACACC
R: AACTCTTCGGCTGCCTCT

Restriction
enzyme

Incubation
temperature
and duration

Genotype and
restriction fragment
pattern (bp)
AA: 249
AG: 249, 223, 26
GG: 223, 26
CC: 406
CT: 406, 377, 29
TT: 377, 29
GG: 252 and 37
GA: 252, 37, 289
AA:289
CC: 23, 236, 109
CT: 23, 236, 109, 259
TT: 109, 259
CC: 141, 154
CT: 141, 154, 296
TT: 296

TLR4 (Asp299gly)

(units used)
NcoI

37 ℃ for 16 h

TLR4 (Thr399Ile)

HinfI

37 ℃ for 8 h

TLR2 (Arg753Gln)

AciI

37 ℃ for 16 h

HaeIII

37 ℃ for 12 h

CD14 (-550C/T)

CD14 (-159C/T)

HaeIII

37 ℃ for 16 h

249

406

289

368

296

RFLP: PCR products were digested with appropriate
restriction endonucleases to differentiate different
genotypes. A list of restriction enzymes, incubation
temperatures and times, and RFLP patterns of different
genotypes are given in Table 2.

DNA sequencing

PCR products for all genotypes of all genes were
validated commercially by DNA sequencing.

Estimation of adipocytokines and insulin resistance

Serum levels of various cytokines viz., adiponectin,
TNF-α, and interleukin-1β were estimated by (ELISA,
Ray Biotech, Norcross GA.). Homeostasis Model
Assessment for Insulin Resistance (HOMA-IR) was
calculated as the product of fasting insulin (µU/mL)
(Roche Diagnostics GmbH, Mannheim, Germany) and
fasting plasma glucose (mmol/L) divided by 22.5.
An absolute value of HOMA-IR > 1.64 was taken as
[21]
abnormal .

Genomic DNA was extracted from cells in the buffy
coat using QIAamp DNA mini kit (Qiagen GmbH,
Hilden, Germany) according to the manufacturer’s
instructions. The extracted DNA was used for detecting
polymorphisms in different genes via PCR and RFLP.

Statistical analysis

Data were analyzed for comparison between the
two groups using SPSS version 15 for Windows
(SPSS Inc. Chicago IL United States). Skewed clinical
and biochemical data were expressed as a median
(interquartile range), whereas normally-distributed

PCR: Genomic DNA was amplified at specific regions
containing the polymorphic sites using specific primer
[19,20]
pairs flanking the respective polymorphic sites
.A
list of the PCR’s conducted primer sequences, reaction
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Product size (bp)

conditions, and product sizes are given in Table 1.

Table 2 Restriction fragment length polymorphism conditions
Polymorphic site

PCR conditions
(1) 95 ℃ for 10 min
(2) 35 cycles of :
94 ℃ for 1 min
61.5 ℃ for 1 min
72 ℃ for 1 min
(3) 72 ℃ for 7 min
(1) 95 ℃ for 10 min
(2) 35 cycles of :
94 ℃ for 1 min
64.8 ℃ for 1 min
72 ℃ for 1 min
(3) 72 ℃ for 10 min
(1) 95 ℃ for 10 min
(2) 35 cycles of :
94 ℃ for 1 min
58.6 ℃ for 1 min
72 ℃ for 1 min
(3) 72 ℃ for 10 min
(1) 95 ℃ for 10 min
(2) 32 cycles of :
94 ℃ for 1 min
59.8 ℃ for 1 min
72 ℃ for 1 min
(3) 72 ℃ for 7 min
(1) 95 ℃ for 10 min
(2) 35 cycles of :
94 ℃ for 40 s
61 ℃ for 40 s
72 ℃ for 40 s
(3) 72 ℃ for 10 min
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Table 3 Anthropometric and biochemical characteristics of patients with non-alcoholic fatty liver
disease and healthy volunteers n (%)
Parameters
Mean age (yr)
Gender
Mean BMI (kg/m2)
Lean
Overweight
Class Ⅰ obesity
Class Ⅱ obesity
Waist (cm)
Hip (cm)
Waist/hip ratio
Central obesity
Mean AST (IU/L)
Mean ALT (IU/L)
Mean fasting sugar (mg/dL)
Diabetes mellitus
Mean HDL (mg/dL)
Mean Triglyceride (mg/dL)
Hypertension

NAFLD (n = 200)

HVs (n = 50)

38.27 ± 10.3
122 M/78 F
27.16 ± 4.7
35 (17.5)
39 (19.5)
87 (43.5)
39 (19.5)
91.20 ± 9.5
91.32 (89.90-93.94)
0.99 (0.98-1.01)
135 (67.5)
60.27 (46.0-78.7)
88.04 (68.9-118.9)
94.95 (87-105.8)
29 (14.5)
43 (38-48.9)
156 (126-200.2)
48 (24)

36.56 ± 4.2
38 M/12 F
22.1 ± 1.2
46 (92)
3 (6)
1 (2)
0 (0)
78.12 ± 4.6
89.18 (86.18-93.98)
0.93 (0.89-0.97)
0 (0)
22.9 (18.75-29.50)
24 (17-29.5)
83.50 (75-89.25)
0 (0)
52 (47.5-56)
102 (93-127.5)
0 (0)

P value
0.218
0.0002
0.0001
0.02
0.0001
0.003
0.0001
0.3
0.016
0.0001
0.0001
0.0001
0.0001
0.005
0.0001
0.0001
0.0001

NAFLD: Non-alcoholic fatty liver disease; HVs: Healthy volunteers; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; HDL: High-density
lipoprotein.

Polymorphism analysis of TLR2 gene

variables were expressed as mean ± SD. For continuous
data, groups were tested for normal distribution
using the Kolmogorov-Smirnov test (K-S test). For
skewed data, the Mann-Whitney U test was applied for
comparison between the two groups. For categorical
data, the Chi-square test or Fischer exact test was
applied. Genotypic association and the odds ratio
with 95%CI were estimated by binary or multinomial
logistic regression analysis. Haplotype analysis was
carried out for TLR4 and CD14 gene using SHEsis
software. In all cases, a P value less than 0.05 was
considered significant.

TLR2 Arg753Gln polymorphism: A PCR product
size of 289 bp was subjected to restriction digestion
with ACI 1 restriction enzyme at 37 ℃ to get the
respective band size of 289 bp, 252 bp, and 37 bp,
depending upon the deletion of restriction sites by
mutant allele. GG was found to be the predominant
genotype (89.5%), followed by GA (7.5%) and AA
(3%) in NAFLD patients and GG (90%), GA (10%)
and AA (0%) in HVs. There was no difference in GG
[179/200 (89.5%) vs 45/50 (90%), P = 0.91] GA [15
(7.5%) vs 5 (10%), P = 0.56] and AA [6/200 (3%) vs
0/50 (0%), P = 0.21] genotypes in either study group.
No association of TLR2 Arg753Gln polymorphism
with NAFLD was found on multiplicative, dominant, or
recessive models of analysis.

Models and measures of association of gene
polymorphisms: Recessive and dominant models
were applied to determine the association of these
polymorphisms with the recessive and dominant
alleles; a recessive model indicates that two copies
of allele A are required for a γ-fold increase in disease
risk, while a dominant model indicates that either
one or two copies of allele A are required for a γ-fold
[22,23]
increase in disease risk
. Patients with and without
significant polymorphisms were compared to assess
the difference between the two groups.

Polymorphism analysis of TLR4 gene

TLR4 Asp299Gly polymorphism: TLR4 Asp299Gly
polymorphism in exon 4 is an A/G polymorphism
that creates a recognition site for restriction enzyme
NcoI. Amplification with primer pairs yielded a 249
bp fragment. Respective band sizes of 249 bp, 223
bp, and 26 bp, depending upon the restriction sites
created by mutant allele, were obtained. Digestion
with enzyme gave a 249 bp fragment in the presence
of AA genotype, three bands of 249 bp, 223 bp, and
26 bp in the presence of AG genotype, and two bands
of 223 bp and 26 bp fragments in presence of GG
genotype. The genotype frequency of AA, AG, and GG
were 79%, 17%, and 4%, respectively, in the NAFLD
group and 82%, 18%, and 0%, respectively, in the
HV group. Distribution was in accordance with HardyWeinberg equilibrium. The AA, AG, and GG genotype
were not statistically different in NAFLD compared to
HVs (P = 0.15). No association of TLR4 Asp299Gly

RESULTS
The demographic, anthropometric, and biochemical
characteristics of the two groups (NAFLD and HVs) are
summarized in Table 3.
Patients with NAFLD had higher BMI, higher overall
and central obesity, elevated liver enzymes, and a
higher prevalence of diabetes mellitus and dyslipidemia
in comparison to HVs (Table 3). In the NAFLD group,
78 patients (39%) displayed the presence of metabolic
syndrome.
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depending upon the deletion of restriction sites by
mutant allele. Digestion with enzyme gave 23, 236,
and 109 fragments in the presence of CC genotype,
four bands of 23, 236, 109, and 259 in the presence
of CT genotype, and two bands of 109 bp and 259
bp fragments in the presence of TT genotype. The
genotype frequency of CC, CT, and TT was 60%,
32.5%, and 7.5%, respectively, in the NAFLD group
and 68%, 28%, and 4%, respectively, in the HV
group (Table 3). Distribution was in accordance with
Hardy-Weinberg equilibrium. The TT genotype was not
significantly overrepresented in NAFLD (P = 0.322)
compared to HVs.
Among CD14 C (-550) T polymorphisms, the fre
quency of CC [120/200 (60%) vs 34/50 (68%)], CT [65
(32.5%) vs 14 (28%), OR = 1.3 (0.6-2.6), P = 0.43],
and TT [(15 (7.5%) vs 2 (4%), OR = 2.1 (0.4-9.7),
P = 0.322] genotypes were not different between
patients with NAFLD and HVs. There was no difference
in T allele frequency between the NAFLD or HV groups
(23.75% vs 18%, P = 0.21) and no association of
CD14 C (-550) T polymorphism with NAFLD was found
on multiplicative, dominant, or recessive models of
analysis (Table 4).

Table 4 Distribution of CD14 -550C/T genotype, allele
frequency and genetic models for CD14-550C/T n (%)
CD14 C (-550) T

CC

CT

TT

120 (60)
34 (68)
1

65 (32.5)
14 (28)
1.3 (0.6-2.6)
P = 0.43

15 (7.5)
2 (4)
2.1 (0.4-9.7)
P = 0.322

Allele C
305 (76.25)
82 (82)

Allele T
95 (23.75)
18 (18)

Dominant model
Cases
Control

CC
120 (60)
34 (68)

CT + TT
80 (40)
16 (32)

Recessive model

TT

CC + CT

genotypes
Cases (n = 200)
Control (n = 50)
OR
Genetic models
Multiplicative model
Cases
Control

P = 0.21
OR = 1.41
CI: 0.81-2.48
P = 0.29
OR = 0.7
CI: 0.3-1.3
P = 0.37
OR = 1.9
CI: 0.4-8.8

polymorphism with NAFLD was found on multiplicative,
dominant, or recessive models of analysis.
TLR4 Thr399Ile polymorphism: Our findings demon
strated a PCR product size of 406bp for TLR4 Thr399Ile
gene. After restriction digestion of PCR product with
HinfI restriction enzyme at 37 ℃, respective band sizes
of 406 bp, 377 bp, and 29 bp were obtained depending
upon the creation of restriction sites by mutant allele.
CC was found to be the predominant genotype (83%),
followed by CT (12.5%) and TT (4.5%) in NAFLD
patients vs CC (84%), and by CT (16%) and TT (0%)
in HVs.
Among TLR4 Thr399Ile polymorphisms, the fre
quency of CC [166/200 (83%) vs 42/50 (84%), P =
0.86], CT [25 (12.5%) vs 8 (16%), P = 0.51], and
TT [(9 (4.5%) vs 0 (0%), P = 0.12] genotypes were
not different among patients with NAFLD and HVs.
There was no difference in T allele frequency between
the NAFLD or HV groups (10.75% vs 8%, P = 0.41),
and no association of TLR4 Thr399Ile polymorphism
with NAFLD was found on multiplicative, dominant, or
recessive models of analysis.

CD14 C (-159) T polymorphism

CD14 C (-159) T polymorphism is a C/T polymorphism
that creates a recognition site for restriction enzyme
Hae111. Amplification with primer pairs yielded a 296
bp fragment. Respective band sizes 259, 236, 109,
and 23 bp were obtained depending upon the deletion
of restriction sites by mutant allele. Digestion with
enzyme gave a 296 bp fragment in the presence of
CC genotype, three bands of 296, 154, and 141 in the
presence of CT genotype, and two bands of 154 bp
and 141 bp fragments in the presence of TT genotype
(Figure 1A and Table 5).
There was no difference in the CC [36 (18%) vs
10 (20%), P = 0.74] genotype between patients with
NAFLD and HVs. Even though there was difference
in the CT [70/200 (35%) vs 30 (60%), P = 0.001]
genotypes between patients with NAFLD and HVs, the
CT genotype was not associated with an increased risk
of NAFLD (Table 2). Distribution was in accordance
with Hardy-Weinberg equilibrium. The TT genotype
[94/200 (47%) vs 10/50 (20%), P = 0.0005] and
T allele frequency (64% vs 50%, P = 0.007) were
significantly higher among patients with NAFLD
than HVs, with significant association of C (-159)
T polymorphism with NAFLD on multiplicative (P =
0.007) and recessive models (P = 0.0005). The risk of
developing NAFLD with the TT genotype was 2.6 fold
higher than in CC genotypes (Table 5).

Haplotype analysis for TLR4 Asp299Gly and TLR4
Thr399Ile polymorphism: A haplotype comprised of a
combination of alleles present on the same chromosome.
Haplotype analysis revealed that haplotypes AC, AT, GC,
and GT were not associated with an increased risk of
NAFLD.

Polymorphism analysis of CD14 gene

CD14 C (-550) T polymorphism: CD14 C (-550) T
is a C/T polymorphism that creates a recognition site
for restriction enzyme Hae111. Amplification with
primer pairs yielded a 368 bp fragment. Respective
band sizes of 259, 236, 109, and 23 bp were obtained
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DNA sequencing

The DNA sequencing data for CD14 C (-159) T poly
morphism confirmed our PCR-RFLP findings, wherein
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Figure 1 Polymorphism analysis of C14-159C/T. A: Representative PAGE gel picture of PCR-RFLP assay with restriction digested products. Lane M: 100 bp
DNA ladder; Lanes 1-8: RE digested product, CC: 141 bp and 154 bp (Lanes 2, 8), CT: 296 bp, 141 bp, and 154 bp (Lanes 4 and 5), TT: 296 bp (Lanes 1, 3, 6, and
7); Lanes 9-11: PCR product; B: DNA sequencing showing different genotypes. Gap indicates the SNP or mutation (C→T). wt: Homozygous wild; mt: Homozygous or
heterozygous mutant; PCR: Polymerase chain reaction; RFLP: Restriction fragment length polymorphism.

(P = 0.0002) frequency in patients with NAFLD in
comparison to HVs, with an odds ratio of 2.3; 95%CI:
1.4-3.7. Analysis of individual haplotypes in the CD14
gene as a method of determining the risk of developing
NAFLD revealed that the TC haplotype was more
frequently seen in NAFLD. None of the other haplotypes
showed any association with the risk of developing
NAFLD (Table 6).

Table 5 Distribution of CD14 -159C/T genotype, allele
frequency and genetic models for CD14-159C/T n (%)
CD14 C (-159) T

CC

CT

36 (18)
10 (20)
1

70 (35)
30 (60)
0.6 (0.2-1.4)
P = 0.29

Allele C
142 (35.50)
50 (50)

Allele T
258 (64.50)
50 (50)

Dominant model
Cases
Control

CC
36 (18)
10 (20)

CT + TT
164 (82)
16 (32)

Recessive model
Cases
Control

TT
94 (47)
10 (20)

CC + CT
106 (53)
40 (80)

Genotypes
Cases (n = 200)
Control (n = 50)
OR
Genetic models
Multiplicative model
Cases
Control

TT
94 (47)
10 (20)
2.6 (1-6.7)
P = 0.043

Role of CD14 C (-159) T polymorphism in deter
mining the severity of NAFLD: Owing to the
significant association between CD14 C (-159) T
polymorphism and NAFLD, we compared different
parameters amongst NAFLD patients with (n = 94)
and without this polymorphism (n = 106). There was
a significant difference in serum ALT [95 (72-130)
IU/L vs 83 (68-108) IU/L, P = 0.016] and TNFα
levels [62 (40-112) pg/mL vs 56 (34-80) pg/mL, P
= 0.04] amongst NAFLD patients with and without
CD14 C (-159) T polymorphism (Table 7). However,
no difference was observed between the two groups
with regard to the degree of hepatic steatosis, hepatic
fibrosis, NAS score, and presence of NASH, borderline
NASH, and no-NASH amongst the biopsy proven
patients with NAFLD in each group.

P = 0.007
OR = 0.8
CI: 1.1-2.8
P = 0.74
OR = 0.7
CI: 0.4-1.9
P = 0.0005
OR = 3.5
CI: 1.6-7.4 -8.8

we found that C allele is replaced by T allele (Figure
1B). The results of PCR-RFLP of all other studied
polymorphisms were comprised of 5 samples of each
genotype in patients with NAFLD, which was also
confirmed by DNA sequencing (5 homozygous wild, 5
heterozygous, and 5 homozygous variant) (data not
shown).

DISCUSSION
NAFLD is one of the most predominant causes of
liver disease in the world, and is considered a hepatic
manifestation of metabolic syndrome. Its histology
spectrum ranges from steatosis to NASH, and can

Haplotype analysis for CD14 C (-159) T and CD14
C (-550) T polymorphisms: Haplotype analysis
revealed that haplotype TC had a significantly higher
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TLRs. Toll-like receptor 2 (TLR2) are receptors for
gram-positive bacterial components. In humans, due
to a single nucleotide gene polymorphism at position
753, arginine is replaced by glutamine and the G allele
replaced by A allele diminishes the ability of TLR2
[24,25]
to respond to bacterial cell wall components
.
Although there are animal studies to show the
protective role for TLR2-mediated signals in liver injury
[26,27]
and occurrence of NASH with TLR2 deficiency
, ours
is the first human study to demonstrate the absence of
an association of TLR2 Arg753Gln polymorphism with
the risk of developing NAFLD.
In humans, TLR4 is the principal receptor for bacterial
endotoxin recognition and functional variants in the
[28]
gene confer endotoxin hyporesponsiveness . The
missense mutation (Asp299Gly) in the fourth exon
of the TLR4 gene alters the extracellular domain of
this receptor. An additional missense polymorphism
(Thr399Ile) in the extracellular domain of the TLR4
receptor co-segregates with the Asp299Gly substitution
[29]
in more than 95% of the Caucasian population .
There are conflicting reports on the effects of the
Asp299Gly polymorphism on endotoxin responsiveness
[30-34]
in vitro
; however, the authors of several clinical
reports associated this polymorphism with the risk of
[35,36]
gram-negative infections
or severe respiratory
[37]
syncytial viral infection , as well as such chronic
[38]
[39]
disorders as asthma , arteriosclerosis , and diabetic
[40]
neuropathy . We did not observe any association of
TLR4 A299G and TLR4 C399T gene polymorphism with
the risk of developing NAFLD or NASH. In addition,
we did not find any association of haplotypes for TLR4
gene with NAFLD. Our results are in accordance with a
[13]
study by Day et al , in which biopsy-proven patients
with NAFLD were genotyped for Asp299Gly single
nucleotide polymorphism (SNP) in the TLR4 gene and
no association was found between the susceptibility
of NASH and the Asp299Gly TLR4 SNP. A recent study
[41]
by Kiziltas et al
demonstrated that subjects with a
heterozygous mutation in genotype 299 (Asp299Gly)
were significantly lower in the NAFLD group than in
the control group. The authors concluded that this
mutation may have had a protective role against the
genesis of NAFLD.
We found a significant association of C (-159) T
polymorphism with NAFLD on multiplicative and rece
ssive models. Patients with NAFLD with C (-159) T
polymorphism had a significantly higher prevalence
of TT genotype with significantly high levels of TNF-α
(P = 0.04) and ALT (P = 0.01) than those without this
polymorphism. Patients with TT genotype had a 2.6
fold higher risk of developing NAFLD in comparison to
the CC genotype of CD14 C (-159) T polymorphism.
However, this polymorphism did not affect disease
severity, as there was no difference in NAS score and
the prevalence of NASH or borderline NASH amongst
[14]
those with and without polymorphism. Brun et al
found that TT genotype distribution was significantly
higher in NASH patients than in control subjects,

Table 6 Haplotypes for CD14 C (-159) T and C (-550) T
polymorphism
Haplotypes

CC
TC
TT
CT

NAFLD
HVs
P value
(frequency) (frequency) (Fisher’s exact
test)
23.4%
52.3%
12.2%
12.1%

50%
32%
18%
0%

1.58E-007
0.0002
0.12
0.0002

OR (95%CI)

0.3 (0.19-0.48)
2.3 (1.4-3.7)
0.6 (0.3-1.1)
Undefined

HVs: Healthy volunteers; NAFLD: Non-alcoholic fatty liver disease.

Table 7 Comparison of non-alcoholic fatty liver disease
patients with and without CD14 C (-159) T polymorphism
CD14 C (-159) T polymorphism (NAFLD = 200)
With polymorphism P value
Parameters
Without
(n = 94)
polymorphism
(n = 106)
TNF-α (pg/mL)
56 (34-80)
62 (40-112)
0.04
(n = 200)
Adiponectin (pg/mL)
745 (649-893)
745 (634-928)
0.93
(n = 200)
IL-1β (pg/mL)
43 (32-47)
43 (25-47)
0.53
(n = 200)
HOMA-IR (n = 200)
1.9 (1.3-2.7)
1.8 (1.4-3.8)
0.34
MS (n = 200)
43 (40.5%)
35 (37.2%)
0.63
≥ 3 components
ALT (IU/L)
83 (68-108)
95 (-130)
0.016
NAS score (n = 60)
8
6
0.94
No NASH
11
10
Borderline NASH
13
12
NASH
Severity of steatosis
(n = 60)
1
9
6
2
14
15
0.733
3
9
7
Severity of fibrosis
(n = 60)
0
13
11
0.90
1
16
13
2
1
2
3
2
2
TNF-α: Tumor necrosis factor-α; NASH: Non-alcoholic steatohepatitis;
ALT: Alanine aminotransferases; NAFLD: Non-alcoholic fatty liver
disease.
[1-3]

progress to cirrhosis and HCC . NAFLD progression
is governed by genetic susceptibility, environmental
factors, SIBO, lifestyle, and features of metabolic
syndrome. Gene expression and genome-wide associa
tion studies have identified novel disease pathways
and polymorphisms in genes that may be potential
biomarkers of NAFLD development and progression.
Pathways that include SIBO and toll-like receptor
signaling seem to be one of the contributors of NAFLD
development. The primary focus of our study was to
analyze the polymorphisms of TLR2, TLR4, and CD14
genes in NAFLD patients and to assess their contribution
to the causation and severity of the disease.
The overgrowth of bacterial components is recognized
by pathogen-associated molecular patterns, including
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while subjects carrying TT genotype had higher TNF-α
levels than CT and CC genotypes. Another study
demonstrated that “high” activity of TT genotype
of C-159T SNP in the CD14 promoter gene was
associated with NASH, and that patients with CD14
polymorphism had higher levels of serum TNF-α levels
[13]
in comparison to those without C-159 T SNP .
In contrast to C (-159) T polymorphism, we did
not find any association of CD14 C (-550) T poly
morphism with NAFLD. Ours is the first study to
demonstrate the lack of an association of CD14 C
(-550) T polymorphism with the risk of developing
NAFLD. However, haplotype analysis of genotypes for
CD14 revealed that TC genotype had an increased risk
of NAFLD. Haplotype study is now gaining attention
because multiple linked SNPs have the potential to
provide significantly more power for genetic analysis
[42]
than individual SNPs . There was no previously
performed haplotype analysis for CD14 gene in
patients with liver disease, with ours being the first
study to demonstrate its utility in patients with NAFLD.
In conclusion, our study demonstrated that NAFLD
patients with TT genotype of C (-159) T polymorphism
in CD14 promoter gene have a higher risk of NAFLD
development. However, this polymorphism did not
affect the severity of liver disease. We did not find
any association between TLR 2 ARG753, TLR 4
(Asp299Gly), TLR4 (Thr399Ile), or CD 14 C/T 550
polymorphisms and the risk of NAFLD development.
Studies with a larger cohort of patients are required to
confirm the results.
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Abstract
AIM
To investigate the role of regulatory T cell (Treg)
subsets in the balance between Treg and T helper 17
(Th17) cells in various tissues from mice with dextran
sulfate sodium-induced colitis.
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METHODS
Treg cells, Treg cell subsets, Th17 cells, and
+
+
+
+
CD4 CD25 FoxP3 IL-17 cells from the lamina propria
of colon (LPC) and other ulcerative colitis (UC) mouse
tissues were evaluated by flow cytometry. Forkhead box
protein 3 (FoxP3), interleukin 17A (IL-17A), and RORC
mRNA levels were assessed by real-time PCR, while
interleukin-10 (IL-10) and IL-17A levels were detected
with a Cytometric Beads Array.
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RESULTS
In peripheral blood monocytes (PBMC), mesenteric lymph
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which can all seriously affect quality of life, and the
disease is often marked alternating phases of clinical
relapse and remission. Although the exact etiology and
[2]
pathology of UC remains unknown , there is increasing
evidence that an aberrant immune response is involved
[3]
in this disease .
Acquired immunity plays a vital role in UC path
ogenesis, where in T helper cell-type (Th) 1 and Th2
immune responses, as well as alternate subsets of T
cells, such as regulatory T cells (Treg) and T helper 17
[4,5]
(Th17) cells, contribute to IBD .
Regulatory T cells belong to a functionally specialized
+
subset of CD4 T cells that maintains immune tolerance
and homeostasis via cell-cell interactions and secretion
of interleukin-10 (IL-10) or other anti-inflammatory
[6,7]
cytokines that inhibit activation of effector T cells .
Notably, Treg cells may play a crucial role in inhibiting
intestinal inflammation, maintaining immune tolerance,
[8]
and providing protection from colitis . A study by
[9]
Sakaguchi et al demonstrated that Treg cells can be
divided into three different functional subsets: Resting
+
low
Tregs, FrI (rTreg or CD45RA Foxp3 ); activated Tregs,
high
FrII (aTreg or CD45RA Foxp3 ); and non-suppressive
low
+
+
low
Tregs, FrIII (CD45RA Foxp3 ). CD4 CD45RA Foxp3
cells are resting Treg cells that upon activation become
+
high
CD4 CD45RA Foxp3
cells, which are the major
suppressive cells that can affect immunologic function
when levels of this subtype decrease. Meanwhile,
+
low
CD4 CD45RA Foxp3 cells secrete interleukin-17
(IL-17) and have the potential to become Th17 cells,
+
a newly discovered CD4 T cell subset that lacks
immunosuppressive function and is characterized by
interleukin 17A (IL-17A), IL-17F, IL-22, IL-21 secre
[10]
tion .
Th17 cells show pleiotropic activities and functions
that promote immune responses via the adaptive and
innate immune systems. Like sentinel cells, Th17 cells
help maintain epithelial barrier function in healthy
intestines. However, in the presence of chronic intestinal
inflammation, Th17 cells present IL-23 and show full
[11]
pathogenic and antibacterial functions . Aberrant
numbers of Th17 cells have been reported to occur
in colonic LP of the ileum and colon in conventionally
raised mice, and these cells are highly infiltrated in
[12]
inflamed areas in colitic mice .
+
Furthermore, other studies reported that CD4 T
cells can demonstrate enhanced “plasticity” between
T-cell subsets, such as the IL-17 and Foxp3 double+
expressing (DE) CD4 T cell population, which is a
[13]
crossover transition between Treg and Th17 cells .
In IBD patients, the population of circulating IL-17
+
and Foxp3 DE CD4 T cells is increased. Furthermore,
+
the finding that IL-17 and Foxp3 DE CD4 T-cell
populations co-express related orphan receptor-γt
(RORγt) and Foxp3 suggests that Treg cells can convert
to Th17 cells that have decreased suppressive function
+
+
[14]
that is characteristic of CD4 Foxp3 T lymphocytes .
Indeed, in our earlier study of scleroderma patients,

node (MLN), lamina propria of jejunum (LPJ) and LPC
from UC mice, Treg cell numbers were increased (P <
0.05), and FoxP3 and IL-10 mRNA levels were decreased.
Th17 cell numbers were also increased in PBMC and
LPC, as were IL-17A levels in PBMC, LPJ, and serum. The
+
+
low
number of FrI subset cells (CD4 CD45RA FoxP3 ) was
increased in the spleen, MLN, LPJ, and LPC. FrII subset
+
high
cells (CD4 CD45RA FoxP3 ) were decreased among
PBMC, MLN, LPJ, and LPC, but the number of FrIII
+
low
+
+
+
cells (CD4 CD45RA FoxP3 ) and CD4 CD25 FoxP3 IL+
17A cells was increased. FoxP3 mRNA levels in
+
low
CD4 CD45RA FoxP3 cells decreased in PBMC, MLN,
LPJ, and LPC in UC mice, while IL-17A and RORC mRNA
increased. In UC mice the distribution of Treg, Th17
+
high
+
low
cells, CD4 CD45RA FoxP3 , and CD4 CD45RA FoxP3
cells was higher in LPC relative to other tissues.
CONCLUSION
+
low
Increased numbers of CD4 CD45RA FoxP3 cells may
cause an imbalance between Treg and Th17 cells that
is mainly localized to the LPC rather than secondary
lymphoid tissues.
Key words: Ulcerative colitis; Regulatory T cells; Treg
cells subsets; T helper 17 cells
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The exact etiology and pathology of ulcerative
colitis (UC) remains unknown. Here we investigated
the role of regulatory T cell (Treg) subsets in the
balance between Treg and T helper 17 (Th17) cells in
various tissues from mice with dextran sulfate sodiuminduced colitis. In this study we found that increased
+
low
numbers of CD4 CD45RA FoxP3 cells may cause an
imbalance between Treg and Th17 cells, which was
mainly localized to the lamina propria of colon rather
than secondary lymphoid tissues. Based on our findings,
lamina propria-resident Treg cells appear to play
important roles in shaping local peripheral tolerance and
maintaining intestinal homeostasis, and an imbalance of
Treg and Th17 cells in the lamina propria of the colon is
critical for UC pathogenesis.
Ma YH, Zhang J, Chen X, Xie YF, Pang YH, Liu XJ. Increased
CD4+CD45RA-FoxP3low cells alter the balance between Treg
and Th17 cells in colitis mice. World J Gastroenterol 2016;
22(42): 9356-9367 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9356.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9356

INTRODUCTION
Ulcerative colitis (UC) is a type of inflammatory bowel
disease (IBD) that affects the colon and is confined to
[1]
the mucosa and superficial submucosa . UC symptoms
include diarrhea, abdominal pain, and rectal bleeding,
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+

-

low

we identified a CD4 CD45RA Foxp3 cell subset that
had no suppressive function and co-expressed RORγt
[15]
and Foxp3 .
Here we examined Treg, Treg subsets, and Th17
cells in tissues from UC mice. We found abnormal
proportions of these cells and a cell population that
co-expressed FoxP3 and RORC mRNA, which may
represent a crossover transition of Th17 and Treg cells
that is related to an imbalance of Treg cells and Th17
cells in dextran sulfate sodium (DSS)-induced colitis.

China), and the Mouse Th1/Th2/Th17 Cytokine kit (BD
Biosciences, United States) were used according to the
manufacturer’s instructions.

Flow cytometry cell analysis

Peripheral blood (PBMC), spleen, mesenteric lymph
node (MLN), lamina propria of jejunum (LPJ), and
lamina propria of colon (LPC) from UC and HC mice
were collected and mononuclear cells were prepared.
The cells were then incubated with CD4, CD25, and
CD45RA antibodies in the dark at room temperature for
15 min. Intracellular FoxP3 staining was subsequently
performed according to the manufacturer’s instruc
tions. Intracellular cytokine production was detected
6
after stimulation of 1 × 10 cells with 2 μL Leukocyte
Activation Cocktail (BD Pharmingen™, United States)
for 4.5 h. Cells were then incubated with CD4, CD25,
and CD45RA and stained with antibodies against
FoxP3 and IL-17 after fixation and permeabilization
(eBioscience, United States). Images of stained cells
were acquired using a Gallios flow cytometer (Beckman
Coulter, United States) and analyzed with Kaluza v1.20
software.

MATERIALS AND METHODS
Mice

Male C57BL/6 mice (aged 6-8 wk; 20-22 g) were
obtained from the Center for Animal Resource and
Development (Weitonglihua Company, Beijing, China).
All mice were maintained on a 12 h/12 h light/dark
cycle under specific pathogen-free conditions. All
animal procedures and stress protocols were approved
by the Institutional Animal Care and Committee of
Beijing Chaoyang Hospital, Capital Medical University.

Mouse model of colitis

Cell sorting

The healthy control (HC) mice drank distilled water for
14 d, while the UC mice drank distilled water supple
mented with 2.5% w/v (DSS, MW = 40000-50000, MP
Biomedical, United States) for 7 d followed by 7 d of
drinking water alone. The mice were sacrificed on the
th
14 d. DSS-induced colitis was characterized by higher
disease activity index that included changes in body
weight, stool consistency, and the presence of blood in
[16]
the stool .

Mononuclear cells extracted from PBMC, spleen, MLN,
and jejunum and colon LP were stained with CD4,
CD25, and CD45RA antibodies before sorting with a
FACS AriaII flow cytometer (BD Biosciences, United
States).

Real-time PCR

3

Histopathological evaluation was performed as described
[17]
previously . Mouse colons were extracted immediately
after sacrifice and examined for macroscopic damage.
The resected colons were fixed in 10% neutral buffered
formalin, embedded in paraffin, and stained with
hematoxylin-eosin for evaluation.

Total RNA was extracted from 2-10 × 10 sorted Treg
+
low
cells and CD4 CD45RA Foxp3 cells from UC and
HC mice using an RNeasy Micro Kit (QIAGEN). The
RNA was then reverse-transcribed to obtain cDNA
(FastQuant RT Kit, TIANGEN). Real-time PCR was
performed with a SYBR green assay (SuperReal PreMix
Plus, TIANGEN) using the ABI 7500 system (Applied
Biosystems) with a GAPDH-Primer (PMM04) and other
primers listed in Table 1.

Antibodies and reagents

Cytokine detection

Histopathological evaluation

Anti-mouse rat antibodies (conjugated with FITC, PE,
®
PE-Cyanine7, PE-CF594, PerCP, APC, Alexa Fluor 488,
and BV510 as indicated) used in this study were: CD4PerCP (L3T4, BD Pharmingen™, United States), CD25APC (IL-2 Receptor α chain, BD Pharmingen™, United
States), FoxP3-PE-Cyanine7 (JM2, eBioscience, United
States), CD45RA-PE (BD Pharmingen™, United States),
®
IL-17-Alexa Fluor 488 (BD Pharmingen™, United
States), CD3e-PE-CF594 (CD3ε chain, BD Horizon™,
United States), CD8a-BV510 (Ly-B, BD Horizon™,
United States). In all experiments, a control antibody
of the respective IgG isotype was included. Leukocyte
Activation Cocktail (BD Pharmingen™, United States),
RNeasy Micro Kit (QIAGEN, Germany), FastQuant RT
Kit (TIANGEN, China), SuperReal PreMix Plus (TIANGEN,

WJG|www.wjgnet.com

IL-10 and IL-17A levels secreted by mononuclear cells
from PBMC, spleen, MLN, LPJ, and LPC samples were
determined using the Mouse Th1/Th2/Th17 Cytokines
kit (BD Biosciences) according to the manufacturer’s
instructions. Serum IL-17A levels were also assessed
using the same method. In addition, IL-10 and IL-17A
levels were examined using a BD FACScanto II flow
cytometer (BD Biosciences, United States).

Statistical analysis

Data were analyzed with the SPSS v18.0 statistics
package (IBM, United States). Variables were summa
rized as counts and percentages or as medians and
ranges. Independent samples t-test and nonparametric
Mann-Whitney U tests were used to compare data
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Table 1 Real-time polymerase chain reaction primer sequences
Primers
GAPDH mRNA
FoxP3 mRNA
IL-17 mRNA
RORC mRNA

Forward (5'-3')

Reverse (5'-3')

GGTTGTCTCCTGCGACTTCA
CTGCCTTGGTACATTCGTGA
CTGTGTCAATGCGGAGGGAA
ACGGCCAACTTACTCTTGGA

TGGTCCAGGGTTTCTTACTCC
CAGATGTTGTGGGTGAGTGC
CGACCCTGAAAGTGAAGGGG
AGAAACTGGGAATGCAGTGG

between groups. P values less than 0.05 were consi
dered to be statistically significant.

(P < 0.0001, respectively), and LPC and LPJ had no
differences (P > 0.05) (Figure 2D). Meanwhile, in HC
mice Th17 cell numbers in both LPJ were increased
compared with LPC, MLN, spleen, and PBMC (P <
0.0001), as were Th17 cell numbers in LPC relative to
those for MLN, spleen, and PBMC (P < 0.0001), but
MLN, spleen, and PBMC showed no differences among
samples (P > 0.05) (Figure 2D).

RESULTS
Treg cell numbers in DSS colitis Mice increased
concurrently with lamina propria functional defects

To investigate the roles of Treg cells in DSS colits mice,
we compared the levels of Treg, FoxP3 mRNA, and
IL-10 from different samples including PBMC, MLN,
spleen, LPJ, and LPC isolated from HC and DSS colitis
mice. Treg levels increased in PBMC, MLN, LPJ, and LPC
samples from DSS colitis mice (P < 0.0001, P = 0.0399,
P = 0.0151, P = 0.0001, respectively) (Figure 1A, B).
In contrast, FoxP3 mRNA expression (P = 0.0016, P
= 0.0062, P = 0.0291, P = 0.0325, respectively) and
IL-10 levels (P = 0.0091, P = 0.0353, P = 0.0002, P =
0.0012, respectively) in Treg cells from DSS colitis mice
decreased relative to the HC (Figure 1C, D). Meanwhile,
spleen tissue from DSS colitis and HC groups showed
no difference in the number of Treg cells, FoxP3 mRNA
expression, and IL-10 levels (P > 0.05) (Figure 1A-D).
In LPC from DSS colitis mice, Treg cell numbers
were increased compared to that of MLN, spleen, LPJ,
and PBMC (P = 0.0005, P = 0.0002, P = 0.0002, P =
0.0001, respectively), while MLN, spleen, PBMC, and
LPJ showed no difference in Treg numbers (P > 0.05)
(Figure 1E). Similarly, in HC mice Treg cell numbers in
LPC were increased compared to those in spleen, MLN,
PBMC, and LPJ (P = 0.0105, P = 0.0006, P < 0.0001,
P = 0.0002, respectively), with the latter two samples
showing similar numbers with no significant differences
(P > 0.05) (Figure 1E).

CD4+CD45RA-FoxP3low cell numbers increased and
CD4+CD45RA-FoxP3high cell numbers decreased in LPC
of DSS colitis mice

In samples from DSS colitis mice the number of
+
+
low
CD4 CD45RA FoxP3 was increased in spleen, MLN,
LPJ, and LPC (P = 0.0020, P = 0.0050, P = 0.0010, P
< 0.0010, respectively), but not in PBMC (P = 0.1170)
+
+
low
(Figure 3A). Meanwhile, CD4 CD45RA FoxP3 cell
numbers in colon LP were also obviously increased
compared to MLN, spleen, PBMC, and LPJ (P < 0.0001,
P < 0.0001, P = 0.0013, P < 0.0001, respectively),
which all showed similar levels (P > 0.05) (Figure 3E).
+
+
low
In HC mice, CD4 CD45RA FoxP3 cell numbers in LPC
were obviously increased compared to MLN, spleen,
PBMC, LPJ (P = 0.0033, P = 0.0081, P = 0.0010, P
< 0.0001, respectively), with spleen and LPJ showing
similar levels (P > 0.05).
+
In DSS colitis mice, the number of CD4 CD45RA
high
FoxP3
in PBMC, MLN, LPJ, and LPC samples
was lower than that for HC mice (P = 0.0060, P =
0.0000, P = 0.0000, P = 0.0250, respectively), but
spleen tissues were similar (P = 0.3980) (Figure
+
high
3A). CD4 CD45RA FoxP3
cell numbers in LPC from
UC mice were also increased compared to those for
spleen, LPJ, MLN, and PBMC (P < 0.0001, P = 0.0003,
P < 0.0001, P < 0.0001, respectively), with the latter
two samples showing similar values (P > 0.05) (Figure
+
high
3E). In HC mice, CD4 CD45RA FoxP3
cell numbers
in LPC were increased relative to spleen, LPJ, MLN, and
PBMC (P = 0.0026, P = 0.0322, P = 0.0002, P = 0.0002,
respectively), with MLN and PBMC again having similar
numbers (P > 0.05).
+
low
CD4 CD45RA FoxP3 cell numbers were increased
among multiple PBMC, MLN, LPJ, and LPC samples
from DSS colitis mice (P = 0.0010, P = 0.0330, P =
0.0420, P < 0.0010, respectively), but not in spleen
(P = 0.248) (Figure 3A). In both DSS colitis and HC
+
low
mice, CD4 CD45RA FoxP3 cell numbers in LPC were
increased relative to those for MLN, spleen, LPJ, and
PBMC (P < 0.0001, P = 0.0005, P < 0.0001, P < 0.0001,
respectively in DSS colitis; P = 0.0002, P = 0.0175, P

Th17 cell numbers increased in PBMC and LPC from
DSS colitis mice

Given the contribution of Th17 cells to inflammatory
responses, we next assessed Th17 numbers in DSS
colitis mice. There were increased numbers of Th17
cells in PBMC and colon compared to HC (P = 0.0338,
P = 0.0004), although spleen, MLN, and showed no
differences in Th17 cell numbers between HC and
DSS colitis mice (P > 0.05) (Figure 2A, B). In culture
supernatants of PBMC, LPJ, and serum, IL-17A levels
were increased compared with HC (P = 0.0063, P
= 0.0064, P = 0.0016, respectively), while those of
spleen, MLN, and LPC were similar (P > 0.05) (Figure
2C).
In DSS colitis mice, Th17 cell numbers in LPC were
also increased compared to MLN, spleen, and PBMC
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= 0.0003, P < 0.0001, respectively in HC), and MLN,
spleen, and LPJ showed no difference between DSS
colitis and HC mice (P > 0.05) (Figure 3E).
We also evaluated levels of FoxP3, IL-17A, and
+
low
RORC mRNA in CD4 CD45RA FoxP3 cells isolated
from HC and DSS colitis mice. Compared to HC mice,
in DSS colitis mice FoxP3 mRNA expression was
decreased among PBMC, MLN, LPJ, and LPC samples (P
= 0.0286, P = 0.0284, P = 0.0121, P = 0.0002) (Figure
3B). IL-17A and RORC mRNA from DSS colitis mice
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was increased among the above samples compared
to HC mice (IL-17 mRNA: P = 0.0150, P = 0.0278, P
= 0.0247, P = 0.0357; RORC mRNA: P = 0.0369, P =
0.0128, P = 0.0101, P = 0.0016, respectively), but we
saw no difference in spleen values (P > 0.05) (Figure
3C and D).

CD4+CD25+FoxP3+IL-17A+ cell numbers were higher in
LPC and LPJ from DSS colitis mice
+

+

+

The number of CD4 FoxP3 IL-17A cells was higher in

9360

November 14, 2016|Volume 22|Issue 42|

Ma YH et al . Increased CD4+CD45RA-FoxP3low cells in UC
HC

250

B

UC
150

200
0.41%

150

100

0.66%
PBMC

100

50

50
0

10

1

10

2

0

3

10

10

500

0

1

10

10

2

3

10

10

300

6

200

a
2

0

1

2

10

10

10

0

3

0

10

1

10

2

10

C

3

10

5
The levels of interleukin-17A

0

10

500
600

400

0.36%

0.49%

300

400

MLN

200
200

100

0

0
0

10

1

10

10

2

3

10

0

10

  LPJ

LPC

1

10

2

10

b

b

HC (n = 5)
UC (n = 5)

4
3
2
1

3

10

0

PBMC

Spleen

  MLN

LPJ

LPC

6.46%

40

50

LPJ

D

20

0

10

1

2

10

0

3

10

10

0

10

1

10

2

10

3

10

50

30

40

3.50%

5.37%

30

20

LPC

20

10

10
1

10

2

10

3

10

0

0

10

1

10

2

10

3

10

8

g

g

g

IL-17A

f
f
f

HC
UC

6
4
1.0
0.8
0.6
0.4
0.2
0.0

PB
M
Sp C
le
en
M
LN
LP
J
LP
C

0

10

g
The percentage of Th17 cells (%)

6.54%

Counts

  MLN

60

100

0

Spleen

Spleen

800

0

PBMC

100

100
0

0.32%

200

0.31%

c

4

400
300

HC (n = 5)
UC (n = 5)

PB
M
Sp C
le
en
M
LN
LP
J
LP
C

0

8
The percentage of Th17 cells (%)

A

Figure 2 T helper 17 cell characteristics in healthy control mice and ulcerative colitis mice peripheral blood monocytes, spleen, mesenteric lymph node,
lamina propria of jejunum and colon samples. A: FACS analysis of Th17 cells in HC and UC samples gated for CD4+ T cells; B: Percentages of Th17 cells in
different HC and UC samples; C: Levels of IL-17A secreted by mononuclear cells extracted from HC and UC peripheral blood monocytes (PBMC), mesenteric lymph
node (MLN), LPJ, and LPC samples; D: Treg cell distribution in HC and UC samples. aP < 0.05 vs control, bP < 0.01 vs control, cP < 0.001 vs control, dP < 0.05 vs
LPC, eP < 0.01 vs LPC, fP < 0.001 vs LPC, gP < 0.001 vs LPJ. HC: Healthy control mice; UC: Ulcerative colitis mice; LPJ: Lamina propria of jejunum; LPC: Lamina
propria of colon.

DSS colitis mice among multiple samples containing
PBMC, MLN, LPJ, and LPC (P = 0.0161, P = 0.0037, P
< 0.0001, P = 0.0001, respectively), but not in spleen (P
> 0.05) (Figure 4A and B). In DSS colitis mice LPC, the
+
+
+
+
levels of CD4 CD25 FoxP3 IL-17A cells were obviously
increased compared with spleen, MLN, and PBMC (P =
0.0004, P < 0.0001, P < 0.0001, respectively), while
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there were no differences between MLN and PBMC
(P > 0.05), or LPJ and LPC (P > 0.05). In HC mice,
+
+
+
+
CD4 CD25 FoxP3 IL-17A cell numbers were increased
in LPC compared to those for LPJ, MLN, and PBMC (P
= 0.0193, P = 0.0008, P = 0.0014, respectively), but
the numbers in spleen and LPC were similar (P > 0.05),
and there were no differences between MLN and PBMC
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Figure 3 Treg cell subset characteristics in healthy control mice and ulcerative colitis mice peripheral blood monocytes, spleen, mesenteric lymph node,
lamina propria of jejunum, and colon samples. A: FACS analysis of Treg cell subsets in HC and UC samples gated for CD4+ T cells; B: FoxP3 mRNA expression
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FrIII cells: CD4+CD45RA-FoxP3low; HC: Healthy control mice; UC: Ulcerative colitis mice; LPJ: Lamina propria of jejunum; LPC: Lamina propria of colon.

(P > 0.05) (Figure 4D).
+
+
+
+
When we excluded CD4 CD25 FoxP3 IL-17A
cells from the total number of Treg cells, our results
+
+
showed that CD4 FoxP3 IL-17A cell numbers were
similar between multiple PBMC, spleen, MLN, LPJ, and
LPC samples from HC and DSS colitis mice (P > 0.05)
(Figure 4A and C).
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DISCUSSION
Treg cells are anti-inflammatory cells that secrete the
anti-inflammatory cytokine IL-10 and inhibit effector
[18,19]
.
T cell proliferation through cell-cell interactions
Upon Treg-specific IL-10 ablation, mice spontaneously
develop signs of colitis, illustrating the key role of
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[20]

Treg-derived IL-10 in maintaining intestinal health .
Meanwhile, high levels of the transcription regulation
factor Forkhead box protein 3 (FoxP3) that is encoded
[21]
by FoxP3 mRNA
enhance the immunosuppressive
[22]
function of Treg cells . In our study, we established
the 2.5% DDS-induced colitis, among the common
models of mice colitis: 2,4,6-trinitro benzene sulfonic
acid, oxazolone and dextran sodium sulfate (DSS)

WJG|www.wjgnet.com

colitis. Of which the DSS-induced colitis colitis was
[16]
sample and repetitive . Moreover it resembles the
clinical course of human UC occurs frequently in the
[23]
chronic phase of DSS-induced colitis . Here we
observed an increase in Treg cell numbers in UC mice,
but this increase likely does not inhibit inflammatory
responses given results from previous studies showing
the presence of excessive inflammation in the intestines
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[24,25]

+

of UC patients
. Instead, the decreased expression
of IL-10 and FoxP3 mRNA in Treg cells from UC mice
suggested that Treg cells in these animals may have
functional defects that contribute to UC morbidity.
In response to various cytokines such as IL-6 and
+
TGF-β, CD4 cells differentiate to Treg or Th17 cells,
which have opposite functions and thus a balance
between these populations is essential. Similar to Treg
cells in the UC mice, Th17 cell numbers increased in
both PBMC and LPC samples from UC mice, and IL-17A
cytokine levels in PBMC and serum were concurrently
increased. These results suggest the presence of
a hyperactive inflammatory response in the colon
[ 26-28]
mucosa of UC animals
, and also that impaired Treg
cell function as well as an imbalance between Treg and
Th17 cell populations could be involved in inappropriate
immune responses in UC.
Aberrant immune responses that can result from
Treg and Th17 imbalances are a feature of autoimmune
[29,30]
diseases
, although the underlying mechanisms
that promote these imbalances are unclear. On the one
hand, there is heterogeneity in among the Treg cell
population. Thus, we explored whether Treg subsets
contribute to immune imbalance seen in UC mice. In
+
high
our study, the number of CD4 CD45RA FoxP3 cells,
which are activated Treg cells that display immunosup
+
pressive capacity, was decreased in UC. CD4 CD45RA
high
FoxP3
cells were previously shown to have higher
[31]
levels of IL-10 transcription , and together with
the decreased expression of FoxP3 mRNA and IL-10
in Treg cells observed here, supports that the low
+
high
levels of CD4 CD45RA FoxP3
cells contribute to
immunosuppressive function of Treg cells in UC.
+
+
low
CD4 CD45RA FoxP3 cells are resting Treg cells
that act as as a reserve of cells that can be activated
+
high
and differentiate into CD4 CD45RA FoxP3
cells.
There is a tight balance between the continuous
+
high
development of CD4 CD45RA FoxP3
cells from
+
+
low
activated and proliferating CD4 CD45RA FoxP3
+
high
cells and CD4 CD45RA FoxP3
cell death after
[9,15]
exerting suppressive effects
. Here we observed
+
+
low
an increase in CD4 CD45RA FoxP3 cells alongside
+
high
the decrease in CD4 CD45RA FoxP3
cells. From
these results we inferred that UC mice have defects in
+
+
low
+
high
CD4 CD45RA FoxP3 to CD4 CD45RA FoxP3
cell
+
high
conversion that could affect CD4 CD45RA FoxP3 cell
replenishment.
On the other hand, we observed a concurrent
+
low
increase in CD4 CD45RA FoxP3 cells and decrease in
+
high
CD4 CD45RA FoxP3 cells. Earlier studies suggested
that FoxP3 expression determines Treg lineage and is
[32]
required for the suppressive function of these cells .
FoxP3 expression downregulates expression of the
retinoic acid receptor-RORγt, which is the lineagedefining transcription factor for Th17 cells, and in turn
[33,34]
contributes to the inhibition of Th17 differentiation
.
[35]
However, a more recent study by Voo et al
doc
umented FOXP3/RORC double-positive cells in
peripheral blood and in lymphoid organs from healthy
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+

human volunteers. Moreover, FoxP3 IL-17A doublepositive cells appear to be the crossover cells that
can differentiate into Th17 cells in response to lower
amounts of TGF-β together with the presence of IL-6
[36,37]
+
+
. These FoxP3 IL-17A double-positive cells
or IL-21
also exist in several autoimmune diseases, including
[38]
allergic rhinitis, psoriasis, and IBD , and several
+
+
studies demonstrated that FOXP3 IL-17 cells can
[35,39]
indeed differentiate into Th17 cells in the periphery
.
Meanwhile, FrIII cells can differentiate into Th17 cells
[9]
that have no immunosuppressive function . Our
results also showed that, relative to HC mice, UC mice
+
low
have increased numbers of both CD4 CD45RA FoxP3
+
+
cells and FoxP3 IL-17A double-positive cells, especially
in LPC and LPJ samples. Furthermore, we showed that
+
low
these CD4 CD45RA FoxP3 cells co-expressed FoxP3
and RORC mRNA, which, together with the increased
expression levels of IL-17A mRNA, confer on these cells
+
+
the characteristics of FOXP3 IL-17 double-positive
+
low
cells. Thus, we inferred that CD4 CD45RA FoxP3 cells
acquired the ability to express RORC in the periphery,
and have the potential to differentiate into Th17 cells
that lack suppressive activity.
+
CD4 Treg cells are composed of two major popu
lations: Thymus-derived Treg cells, or natural Tregs
(nTregs), and peripherally derived Treg cells, or induced
[40,41]
Tregs, which are generated in the periphery
.
To extend the study of functional Treg subsets into
non-lymphoid tissues, unique tissue-resident Treg
populations have been identiﬁed and characterized,
[42]
[43]
such as Treg in visceral adipose tissu , in skin , in
[44]
[45]
[46]
[47]
skeletal muscle , in lung , liver , and pancreas .
Recent evidence suggests that environmental signals
found in peripheral non-lymphoid tissues promote
the development of tissue-specific Treg cell subsets.
Although the proportion of tissue-specific Treg cell
subsets within tissues is difficult to determine due
to differences between inflammatory and steady[48]
state conditions
accumulating evidence suggests
that Treg cells are highly responsive to their local
environment. The gut contains a large reservoir of
both secondary lymphoid tissue-resident Treg cells
[49]
and non-lymphoid tissue-resident Treg cells . The
development of lamina propria-resident Treg cells
differs from that for secondary lymphoid tissue Treg
[50,51]
cells
, in that lamina propria Treg cells respond to
unique environmental signals that are generated in
[52,53]
response to products of commensal bacteria
. As
such, we further evaluated differences in Th17, Treg,
and Treg cells subtypes in LPC and LPJ, spleen, MLN,
and PBMC in UC and HC mice. In this study, there were
more Treg in the colon relative to other tissues, while
the jejunum showed the highest number of Th17 cells,
[52]
even in UC mice. Round et al
also found that in B6
mice, distribution of Th17 cells is duodenum > jejunum
> ileum > colon, while Treg cells were most abundant
in the colon and scarce in the duodenum. This regional
difference is associated with the T cell/APC ratio,
especially CD11c(+)CD11b(+)CD103(+) dendritic
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and non-suppressive Tregs, FrIII (CD45RA-Foxp3low). FrI cells are resting Treg
cells that upon activation become FrII cells, which are the major suppressive
cells. Meanwhile, FrIII cells secrete interleukin-17 (IL-17) and have the potential
to become Th17 cells, a newly discovered CD4 + T cell subset that lacks
immunosuppressive function and is characterized by interleukin 17A, IL-17F,
IL-22, IL-21 secretion.

cells. Our results showed that all Tregs and the three
Treg subsets were more frequent in the LPC relative to
other secondary lymphoid tissue and PBMC in both UC
and HC mice. In addition, the number of Treg cells in
spleen tissue from both UC and HC mice was similar,
suggesting that lamina propria-resident Treg cells rather
than secondary lymphoid tissue Treg cells are involved
in UC pathogenesis. Since UC is an organ-specific
autoimmune disease, the Treg cells in PBMC likely
would not reflect the characteristics of UC. Moreover,
+
high
relative to HC, the number of CD4 CD45RA FoxP3
cells in the LPC and LPJ of UC mice was decreased,
although the numbers were similar in spleen samples.
+
low
The increased number of CD4 CD45RA FoxP3 and
+
+
+
+
CD4 CD25 FoxP3 IL-17 cells mainly occurred in the
LPC in UC mice. As such, we inferred that the abnormal
differentiation of active Treg cells occurred in local
tissues and not secondary lymphoid tissues.
+
In summary, decreased numbers of CD4 CD45RA
high
FoxP3 cells together with a reserve of abnormal of
+
+
low
CD4 CD45RA FoxP3 cells and increased numbers
+
low
of non-suppressive CD4 CD45RA FoxP3
cells,
could present a potential source of Th17 cells that
lack suppressive capacity and are an important
characteristic of UC mice. These characteristics may
contribute to an imbalance between Treg and Th17
cells and the increased numbers of functional Treg
cells. Thus, lamina propria-resident Treg cells appear
to play important roles in shaping local peripheral
tolerance and maintaining intestinal homeostasis, and
an imbalance of Treg and Th17 cells in the lamina
propria of the colon is critical for UC pathogenesis.

Peer-review

The authors demonstrated that increased numbers of CD4+CD45RA-FoxP3low
cells may cause an imbalance between Treg and Th17 cells that is mainly
localized to the lamina propria of colon rather than secondary lymphoid tissues.
The present study was well organized and well investigated. To improve the
quality of this paper, the authors should revise it according to the following
suggestions: (1) the authors used a DSS colitis as a model of UC. Don’t use
the “UC” in the result session. It is more suitable to use “DSS colitis” instead of
“UC” throughout the result session; and (2) to confirm the role of CD4+CD45RAFoxP3low cells in the pathogenesis in DSS colitis, the authors should show the
time-course changes of these cells.
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Abstract
AIM
To investigate the role of interferon regulatory factor
5 (IRF5) in reversing polarization of lung macrophages
during severe acute pancreatitis (SAP) in vitro .

Institutional animal care and use committee statement: All
animal protocols received prior approval from the Institutional
Animal Care and Use Committee and all experiments were
performed in accordance with guidelines and regulations of
Laboratory Animal Center of Jiangsu University, Zhenjiang,
China.

METHODS
A mouse SAP model was established by intraperitoneal
(ip) injections of 20 μg/kg body weight caerulein.
Pathological changes in the lung were observed by
hematoxylin and eosin staining. Lung macrophages
were isolated from bronchoalveolar lavage fluid. The
quantity and purity of lung macrophages were detected

Conflict-of-interest statement: The authors declared that no
conflict of interest exists in this study.
Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was

WJG|www.wjgnet.com

9368

November 14, 2016|Volume 22|Issue 42|

Sun K et al . Macrophages polarization in severe acute pancreatitis

by fluorescence-activated cell sorting and evaluated
by real-time polymerase chain reaction (RT-PCR).
They were treated with IL-4/IRF5 specific siRNA (IRF5
siRNA) to reverse their polarization and were evaluated
by detecting markers expression of M1/M2 using RTPCR.

INTRODUCTION
Severe acute pancreatitis (SAP) is a most serious
disease especially when multiple remote organs are
[1,2]
involved . The developing process of this disease is
rapid and can result in a series of complications and
multiple organ dysfunction (MODS) including the lung,
[3,4]
liver, kidney, intestine and stomach . MODS is an
essential process during SAP. MODS caused nearly half
[5]
of deaths in SAP patients . Acute lung injury (ALI) is
the most common extrapancreatic complication in SAP,
which is associated with the high rates of morbidity
and mortality. ALI is characterized by accumulation
of activated neutrophils and the development of
[6,7]
interstitial edema .
Although accumulation of activated neutrophils in the
lungs is characteristic of ALI, macrophages which reside
in the pulmonary interstitium and alveoli are considered
to be the most critical cells involved in development
[8-10]
of the SAP associated with ALI
. Macrophages are
plastic cells displaying versatile functional phenotypes
depending on microenvironments. M1 macrophages
(M1, the classically activated macrophages) and
M2 macrophages (M2, the alternatively activated
macrophages) have been defined as the two extremes
in a spectrum of macrophage functional phenotypes.
M1 macrophages are critical effector cells that kill
[11,12]
micro-organisms
. In contrast, M2 macrophages are
[13]
involved in the resolution of inflammation . The proinflammatory response must be balanced by regulatory
and inhibitory effector mechanisms to protect against
tissue damage caused by the effects of excessive
[14]
inflammation . Lung macrophages can be subdivided
into alveolar, pleural, interstitial and intravascular
macrophages, and alveolar macrophages (AM) consi
dered as the most important cell of the innate immune
[10,15]
system
.
Distinct macrophage subtypes are not only chara
cterized by their differences in cytokine release but
also by the differential expression of key transcription
[16]
factors. Krausgruber et al
found that transcription
factor interferon regulatory factor 5 (IRF5) was a major
factor in defining macrophage polarization. They found
that IRF5 was the major regulator of pro-inflammatory
M1 macrophage polarization. IRF5 directly induces
the expression of pro-inflammatory cytokines such as
IL-6, IL-12b, and IL-23a while repressing transcription
of anti-inflammatory cytokines such as IL-10. Although
IRF5 plays an important role in macrophage activation,
it has rarely been used to track macrophages in
inflammatory disease. In the present study, we used
the SAP model induced by intraperitoneal (ip) injection
of caerulein, and isolated murine lung macrophages
from bronchoalveolar lavage (BAL) fluid to detect IRF5
expression and their polarization in vitro. In addition,
we treated lung macrophages with IRF5 specific siRNA
(IRF5 siRNA)/IL-4 to reverse macrophage polarization

RESULTS
SAP associated acute lung injury (ALI) was induced
successfully by ip injections of caerulein, which was
confirmed by histopathology. Lung macrophages
expressed high levels of IRF5 as M1 phenotype during
the early acute pancreatitis stages. Reduction of
IRF5 expression by IRF5 siRNA reversed the action of
macrophages from M1 to M2 phenotype in vitro . The
expressions of M1 markers, including IRF5 (S + IRF5
siRNA vs S + PBS, 0.013 ± 0.01 vs 0.054 ± 0.047, P
< 0.01), TNF-α (S + IRF5 siRNA vs S + PBS, 0.0003 ±
0.0002 vs 0.019 ± 0.018, P < 0.001), iNOS (S + IRF5
siRNA vs S + PBS, 0.0003 ± 0.0002 vs 0.026 ± 0.018,
P < 0.001) and IL-12 (S + IRF5 siRNA vs S + PBS,
0.000005 ± 0.00004 vs 0.024 ± 0.016, P < 0.001),
were decreased. In contrast, the expressions of M2
markers, including IL-10 (S + IRF5 siRNA vs S + PBS,
0.060 ± 0.055 vs 0.0230 ± 0.018, P < 0.01) and Arg-1
(S + IRF5 siRNA vs S + PBS, 0.910 ± 0.788 vs 0.0036
± 0.0025, P < 0.001), were increased. IRF5 siRNA
could reverse the lung macrophage polarization more
effectively than IL-4.
CONCLUSION
Treatment with IRF5 siRNA can reverse the pancreatitisinduced activation of lung macrophages from M1
phenotype to M2 phenotype in SAP associated with ALI.
Key words: Interferon regulatory factor 5; Macrophage
polarization; Severe acute pancreatitis; SiRNA
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We investigated the role of interferon
regulatory factor 5 (IRF5) in reversing polarization of
lung macrophages during severe acute pancreatitis
(SAP). Treatment with IRF5 specific siRNA could
reverse the pancreatitis-induced activation of lung
macrophages from M1 phenotype to M2 phenotype in
vitro . Reduced expression of IRF5 may lead to a new
therapeutic approach for SAP associated with acute
lung injury.
Sun K, He SB, Qu JG, Dang SC, Chen JX, Gong AH, Xie R,
Zhang JX. IRF5 regulates lung macrophages M2 polarization
during severe acute pancreatitis in vitro. World J Gastroenterol
2016; 22(42): 9368-9377 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i42/9368.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9368
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adherent cells were scraped and fixed with 4% para
formaldehyde at 4 ℃ for 30 min, and then incubated
for 2 h with a 1:100 dilution of the CD11b/c antibody
and F4/80 antibody (Ebioscience, San Diego, United
States) labeled with Alexa Fluor 488 for flow cytometry
[19]
analysis .

from M1 phenotype to M2 phenotype and compare its
effect with IL-4.

MATERIALS AND METHODS
Animals and experimental design

C57BL/6 mice, male or female, aged 8-12 wk, were
obtained from the Laboratory Animal Center of
Jiangsu University, Zhenjiang, Jiangsu, China. The
laboratory animal experimental protocol was approved
by Institutional Animal Care and Use Committee
of Jiangsu University. All experiments followed the
laboratory animal care principles. Rats were randomly
divided into two groups: (1) SAP group: rats received
ip injections of caerulein; and (2) control group:
rats received ip injection of an equal volume of PBS.
Each group had 15 rats. The RAW264.7 cells (mouse
macrophages, M0) were placed in a 12-well plate at
5
10 /mL 24 h before intervention and IFN-γ (100 U/mL)
+ LPS (5 µg/L) was used to induce M1 phenotype (M1),
and IL-4 (10 µg/L) was used to induce M2 phenotype
(M2). The three types of macrophages (M0, M1 and
M2) were as control compared with lung macrophages.

Reversion of the polarized lung macrophages in vitro by
IRF5 siRNA/IL-4

Lung macrophages obtained from BAL fluid as well as
rats 18 h after SAP induction. One part of polarized
lung macrophages was transfected with IRF5 siRNA
®
using a Mouse Macrophage Nucleofector Kit (LONZA,
Anaheim, CA, United States) according to the manu
facturer’s instructions. The other part of polarized lung
macrophages was incubated with IL-4 (20 ng/mL) for
24 h. Macrophages were collected for further detection
after incubation.

Measurement of polarization of lung macrophages

Real-time polymerase chain reaction (RT-PCR) was
performed with the ABI Prism 7900HT (Applied
Biosystems, Foster City, CA, United States) using the
SYBR Green PCR Master Mix (Applied Biosystems)
according to the protocol in our lab. The PCR primers
used were as follows: GAPDH (F: GTATGACTCTA
CCCACGGCAAGT; R: TTCCCGTTGATGACCAGCTT),
TNF-α (F: CCGATTTGCCACTTCATACCA; R: TAGGG
CAAGGGCTCTTGATG), IL-10 (F: AGAAGGACCA
GCTGGACAACAT; R: CAAGTAACCCTTAAAGTCCT
GCAGTA), Arg-1 (F: CCGCAGCATTAAGGAAAGC;
R: CCCGTGGTCTCTCACATTG), iNOS (F: CAGCCCT
CAGAGTACAACGAT; R: CAGCAGGCACACGCAATGAT),
IRF5 (F: GTTGCCTTTGACGGACCTA; R: 5’-GGCC
CACTCCAGAACACCT-3’), IL-12 (F: 5’-AAAGGTGC
GTTCCTCGTAG; R: CAACAGCATAAGGCCAAGT).

SAP model

SAP models were prepared according to the protocol
[17]
by Tang et al . The mice were deprived of food but
allowed access to water 24 h prior to the start of the
experiments. SAP was induced in C57BL/6 mice by
ip injections of 20 μg/kg body weight (diluting stock
solution in saline) caerulein at hourly intervals for a
total of seven injections.

Histological analysis

For the histological analysis, mouse pancreatic and
lung tissue samples were washed thoroughly in PBS,
fixed in 10% buffered formalin, and embedded in
paraffin, tissue samples were cut into sections. Five
µmol/L sections were stained with hematoxylin and
eosin using standard procedures and examined by
light microscopy. Sections were examined by an
experienced morphologist, who was blinded to the
sample identity, for tissue injury.

Statistical analysis

All values were expressed as mean ± SE. Inde
pendence t test was used in the comparison of two
groups. P values < 0.05 indicate statistical significance.
Analyses were performed using SPSS 17.0.

Cell preparation and AM culture

RESULTS

Quantity and purity of the lung macrophages

As shown in Figure 1, lung tissue and pancrease tissue
from control rats showed a normal structure and no
histopathological changes under light microscope
(Figure 1A, C). A typical photomicrograph of pancreatic
lung injury included lung edema, neutrophil infiltration,
necrosis and hemorrhage (Figure 1B). The histological
changes of pancreas tissue, such as the infiltration
of neutrophils, macrophages, interstitial edema, he
morrhage and focal necrotic areas, were seen in
the pancreas tissue of SAP group (Figure 1D). The
pathological findings confirmed that we had established

Histopathology and morphometry of the lung tissue
during SAP

AM was purified according to the method of Small
[18]
et al . Briefly, anesthetized mice were sacrificed,
the lungs from 36 mice were lavaged with RPMI 1640
containing 10% FCS, and BAL was mixed in a 50 mL
tube. BAL fluids were then plated, and the AM was
allowed to adhere for 2 h at 37 ℃, 5% CO2.

BAL cells were incubated for 30 min at 4 ℃ with ratanti-F4/80 monoclonal antibody. The cells were
analyzed using fluorescence-activated cell sorting
(FACS). The BAL cells were seeded on plates for
2 h and non-adherent cells were washed, and the
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A

B

C

D

Figure 1 Histological examination of lung and pancrease stained with hematoxylin and eosin staining. A: Lung of control rats; B: Lung of acute pancreatitis
(SAP) rats; C: Pancreas of control rats; D: Pancreas of SAP rats. There were no remarkable pathologic changes in control rats (A, C); Significant inflammatory cell
infiltration was observed in the SAP group. The typical pathological changes of SAP associated with acute lung injury, including lung edema, necrosis, hemorrhage
and neutrophil infiltration, were seen in SAP group (B). The histological changes of pancreas tissue such as the infiltration of neutropils, macrophages, interstitial
edema, hemorrhage and focal necrotic areas were seen in the pancreas tissue of SAP group (D). Original magnification × 200 (A-D).
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Figure 2 Identification of lung macrophages. A: Lung alveolus macrophages were identified by microscopy (original magnification × 200); B: The purity of lung
macrophages cells was examined by fluorescence-activated cell sorting as CD11b/c, F4/80 positive cells after primary culture for 24 h.

the mouse SAP model associated with ALI successfully.

fluid of the control group and SAP group by FACS.
In vitro lung macrophages from SAP group were
treated with PBS for 4, 8 and 16 h respectively, and
macrophages from control group were treated with
PBS for 4 h. The expression of major M1 markers (IRF5,
TNF-α, iNOS and IL-12) and M2 markers (IL-10 and
Arg-1) were detected by RT-PCR. The polarization of
lung macrophages was detected by RT-PCR. As shown
in Figure 3, the mRNA levels of lung macrophage
markers in SAP group were significantly higher than in
the control group (M0) (P < 0.01). In contrast, mRNA
levels of lung macrophage markers in SAP group were

Isolation of lung macrophages of SAP rats

After 24 h primary culture, the lung alveolus macro
phages were observed under microscope and examined
by FACS for the purity and quantity. The purity of lung
alveolus macrophages was approximately 81.7%
(Figure 2).

Expression of M1 phenotype of lung alveolus
macrophages during early phase of SAP

Lung alveolus macrophages were isolated from BAL
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Figure 3 Expression of M1 phenotype of lung alveolus macrophages during early phase of acute pancreatitis. The expression of major M1 phenotypes
[interferon regulatory factor 5 (IRF5), TNF-, iNOS and IL-12] and M2 phenotypes (IL-10 and Arg-1) were detected by real-time polymerase chain reaction (RT-PCR).
The polarization of lung macrophages was detected by RT-PCR. A: mRNA levels of M1 phenotypes in the macrophages; B: mRNA levels of M2 markers in the
macrophages. The statistical significance was analyzed in comparison with the CTRL groups (M0, M1). aP < 0.05, cP < 0.01 vs control.

similar to those in another control group (M1) (P >
0.05). The experimental data indicated a shift to M1
polarization of lung macrophages during the initiation
of SAP.

M1 to M2 as well as by IL-4.

Ability to reverse lung macrophage polarization by IRF5
siRNA/IL-4

In order to identify a better way to alter the polarization
of macrophages in vitro, we compared the expression
of M1 and M2 markers after the treatment of IL-4
or IRF5 siRNA. Gene expression in primary culture
macrophages from the rats with SAP was determined
by real-time PCR. As shown in Figure 5, the effect of
treatment with IL-4 and IRF5 siRNA were similar in
IRF5 (4 h, 8 h), IL-12 (4 h, 8 h), iNOS (4 h, 8 h), TNF- (4
h,16 h), IL-10 (8 h, 16 h), Arg-1 (4 h) (P > 0.05); but
in some groups, the levels of IRF5 (16 h, 24 h), TNF(8 h, 24 h), iNOS (16 h, 24 h) and IL-12 (16 h, 24 h)
were much lower, and Arg-1 (8 h, 16 h, 24 h), IL-10
(4 h, 24 h) were significantly higher after IRF5 siRNA
treatment than after IL-4 treatment (P < 0.05). These
results indicated that IRF5 siRNA could reverse the
lung macrophage polarization more effectively.

Reversion of the polarization of lung macrophages in
SAP group

Whether the polarization of lung alveolus macrophages
could be reversed from M1 to M2 in vitro was studied.
After treatment with PBS/IL-4/IRF5 siRNA, the
expression levels of macrophage markers (M1: IRF5,
TNF-α, iNOS, IL-12; M2: IL-12, Arg-1) were compared
at 4 h. As shown in Figure 4, RT-PCR showed that IL-4/
IRF5 siRNA could reduce expression of M1 markers
significantly: IRF5 (S + IRF5 siRNA vs S + PBS, 0.013
± 0.01 vs 0.054 ± 0.047, P < 0.01), TNF-α (S + IRF5
siRNA vs S + PBS, 0.0003 ± 0.0002 vs 0.019 ± 0.018,
P < 0.001), iNOS (S + IRF5 siRNA vs S + PBS, 0.0003
± 0.0002 vs 0.026 ± 0.018, P < 0.001) and IL-12 (S
+ IRF5 siRNA vs S + PBS, 0.000005 ± 0.00004 vs
0.024 ± 0.016, P < 0.001). In contrast, M2 markers
were upregulated by IL-4/IRF5 siRNA treatment: IL-10
(S + IRF5 siRNA vs S + PBS, 0.060 ± 0.055 vs 0.0230
± 0.018, P < 0.01) and Arg-1 (S + IRF5 siRNA vs S +
PBS, 0.910 ± 0.788 vs 0.0036 ± 0.0025, P < 0.001).
The results suggested that the polarization of lung
macrophages could be reversed by IRF5 siRNA from
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DISCUSSION
SAP can cause SIRS and high morbidity. In SAP,
MODS in the early phase is the main cause of high
[5,20]
mortality
. In the early phase, activated macro
phages can release humoral mediators which may
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Figure 4 Reversion of the polarization of lung macrophages in acute pancreatitis group. Lung alveolus macrophages were obtained 24 h after acute
pancreatitis (SAP) model establishment and respectively treated with PBS, IL-4 or interferon regulatory factor 5 (IRF5) siRNA for 8 h (S + PBS, S + IL-4, S + IRF5
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< 0.05, cP < 0.01, eP < 0.001 vs control. S: Lung alveolus macrophages from the mouse SAP model.

lead to remote organ injury, including ALI, acute liver
injury, acute kidney injury, etc. ALI is one of the most
common organ failures in SAP. It is the first cause of
[21]
patients’ death during the early stage of SAP .
A number of investigations have indicated that
the severity of SAP and pancreatitis-associated lung
injury were regulated by a great deal of inflammatory
[22-24]
factors, including inflammatory cells and cytokines
.
Among many inflammatory cells, macrophages are key
pro-inflammatory and anti-inflammatory cells, which
accumulate in the damaged organ in SAP. Plasticity and
functional polarization are hallmarks of macrophages
that result in the phenotypic diversity of macrophage
[25,26]
populations
. Thus, targeting selected macrophage
pathways is a potential therapeutic strategy for su

WJG|www.wjgnet.com

ppressing macrophage-mediated lung injury.
Recently, transcriptional pathways were believed
to play an important role in the polarization of macro
phage. IRF5 was considered as a major factor in
[27,28]
defining macrophage polarization
. Modulation of
IRF5 led to the conversion of one macrophage subset
[29]
phenotype into the other one . High expression
of IRF5 results in polarization of the macrophage
phenotype toward M1, however, low expression of IRF5
leads to M2 polarization, which is the anti-inflammatory
macrophage phenotype. This indicates a possible broad
effect of therapy which targets the induction of IRF5
[30]
expression by macrophages .
In the present study, a mouse model of SAP
associated with ALI was constructed successfully
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Several studies had reported the plasticity of activated
[34,35]
macrophages
. Furthermore, the M2 macrophage
state induced by these mediators can alleviate the
inflammatory response associated with SAP. This kind
of reversion may alleviate systemic inflammation and
promote tissue repair during SAP.
It is interesting to know the capacity of these
pancreatitis-activated lung macrophages to be reverted
to an anti-inflammatory phenotype from M1 to M2 in
vitro. We isolated lung macrophages from BAL fluid of
the rats with ALI and the isolated cells were treated
by IRF5 siRNA or IL-4. Our data showed that both
treatments can reverse macrophage polarization from
M1 phenotype to M2 phenotype. After treatment with
IRF5 siRNA or IL-4, lung macrophages down- regulated
the expression of M1 phenotypes such as IRF5,
TNF-α, iNOS and IL-10, which are pro-inflammatory
mediators. At the same time, macrophages expressed
more M2 phenotypes such as IL-10, which is an
important anti-inflammatory factor. Our result indicated
that activated lung macrophages obtained from rats
with SAP could be reversed to M2 state by IRF5 siRNA

by ip caerulein. We found that lung macrophages
were M1 polarized in the early phase of SAP. The M1
state was confirmed by the up-regulated expression
of M1 phenotypes and down-regulated expression
of M2 phenotypes. And the results conform to the
conventional theory that macrophages can induce
pro-inflammatory cytokines and amplify the degree
[31,32]
of the inflammation during early phase of SAP
.
It has been reported that macrophage polarization
could be reversed from M1 phenotype to M2 pheno
[33]
type . The development and resolution of lung
injury are accompanied by alteration of macrophage
polarization in the lungs. We hypothesized that lung
macrophages which act as M1 phenotype could
aggravate inflammation, and M2 could alleviate the
inflammation if we reversed the polarization of lung
macrophages in SAP by IRF5 siRNA. In the present
study, the lung macrophages showed M1 polarization
reflected in the high expression of M1 phenotypes
(IRF5, TNF-α, iNOS and IL-10). This activation was
expected as lung macrophages contact early with
mediators released by inflammatory pancreatic tissue.
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Applications

or IL-4 treatment.
IL-4 is known to induce the alternative M2 activation
of macrophages. M2 macrophage can promote the
repair phenotype and counteract the effects of pro[36]
inflammatory cytokines . However, it is reported that
IL-4 administration was not enough to reverse the M1
phenotype in lung macrophages therapeutically. The
reason could be related to the strongly proinflammatory
environment generated in the lung. Because of the
long half-life of IRF5 siRNA, it demonstrated its high
capability to reverse the polarization of macrophages
from M1 phenotype to the M2 phenotype. In our study,
we proposed that there may be two reasons for these
results: (1) IRF5 mediates inflammatory and immune
responses by controlling expression of proinflam
matory cytokines downstream of MyD88-dependent
Toll-like receptor signaling; and (2) IRF5 regulates
the expression of inflammatory gene TNF-α and IL1β
[37]
directly .
In conclusion, treatment with IRF5 siRNA could
reverse the pancreatitis-induced activation of lung
macrophages from M1 phenotype to M2 phenotype
in SAP associated with ALI. Nevertheless, targeting
transcription factors for therapeutic aims is still an
unknown area. Meanwhile, the molecular mechanism
of macrophage polarization is still unknown. In our
experiment, silencing the IRF5 regulated a range of
inflammatory genes, and this method can reverse the
lung macrophage polarization more effectively than
IL-4 administration. IRF5 is an attractive target for SAP
associated with ALI therapy. However, the molecular
mechanisms of IRF5 in macrophage polarization
should be further studied.

Lung macrophages adopt a pro-inflammatory activation (M1 phenotype)
early during acute pancreatitis. Treatment with IRF5 siRNA could reverse the
pancreatitis-induced activation of lung macrophages from M1 to M2 in vitro.
The research revealed the function of IRF5 in regulating the polarization of lung
macrophages. Reducing the expression of IRF5 may lead to a new therapeutic
approach for SAP associated with ALI.

Terminology

M1 and M2 have been defined as the two extremes in a spectrum of
macrophage functional phenotypes. M1 macrophages are critical effector cells
that kill microorganisms. In contrast, M2 macrophages are involved in the
resolution of inflammation. Distinct macrophage subtypes display differential
expression of key transcription factors. IRF5 was the major regulator of proinflammatory M1 macrophage polarization.

Peer-review

This is a very well designed, performed and written experimental study. In this
study, the authors reported the role of IRF5 in regulating lung macrophages M2
polarization during SAP in vitro. This research reveals a novel function of IRF5
in controlling the polarization of macrophages. Therefore, modification of IRF5
expression may lead to a new therapeutic approach for SAP associated with
ALI.
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Abstract

Institutional review board statement: This study was
approved by the local insitutional review board.

AIM
To study the tolerance and the efficiency of FOLFIRINOX
in elderly patients diagnosed with colorectal or pancreatic
cancer.

Informed consent statement: I declare that all patients give
written inform consent to participate in clinical research before
receiving any therapy.

METHODS
This retrospective study included elderly patients aged
over 70 years of age treated at Georges-Francois
Leclerc Center by FOLFIRINOX for histological proved
colorectal or pancreatic cancer between January 2009
and January 2015. Chemotheapy regimen consisted
2
of oxaliplatin (85 mg/m in over 120 min) followed
2
by leucovorin (400 mg/m in over 120 min), with the
2
addition, after 30 min of irinotecan (180 mg/m in
2
over 90 min) then 5 fluorouracil (5FU) (400 mg/m
administred intravenous bolus), followed by 5FU (2400
2
mg/m intraveinous infusion over 46 h) repeated
every 2 wk. Geriatric parameters were recorded at
the beginning. Toxicities were evaluated with the
Common Terminology Criteria for Adverse Events 4.03.
Tumor response was evaluated by CT scan. Treatment
continued until disease progression, unacceptable
toxicities or patient refusal.
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RESULTS
Fifty-two patients aged from 70 to 87 years were
treated by FOLFIRINOX, 34 had colorectal cancer and
18 had pancreatic cancer. Most of them were in good
general condition, 82.7% had a 0-1 performance status
and 61.5% had a Charlson Comorbidity Index < 10.
The most frequent severe toxicities were neutropenia
(17 patients, n = 32.7%) and diarrhea (35 patients
n = 67.3%); 10 of the case of neutropenia and 5 of
diarrhea registered a grade 4 toxicity. Thirty-nine
patients (75%) initially received an adapted dose of
chemotherapy. The dosage was adjusted for 26%
of patients during the course of treatment. Tumor
response evaluated by RECIST criteria showed a
controlled disease for 25 patients (48.1%), a stable
disease for 13 and a partial response for 12 patients.
Time under treatment was higher for colorectal cancer
with a median time of 2.44 mo (95%CI: 1.61-3.25).
Overall survival was 43.88 mo for colorectal cancer
and 12.51 mo for pancreatic cancer. In univariate or
multivariate analysis, none of geriatric parameters
were linked to overall survival. Only the type of tumor
(pancreatic/colorectal) was linked in both analysis.

of death by cancer in the United States for patients
from 60 to 79 years of age. Between 2005 and 2011,
the recorded survival rate at 5 years was of 8% in
[1]
elderly population . In 2012, in France the incidence
[2]
was of 6690 cases in patients over 70 years old .
With an incidence of 134490 new cases per year in
the United States, colorectal cancer is the third most
[1]
common and lethal cancer in 2016 . In France, it
is also the third most common cancer in the general
population with a majority of patients over 70 years
[2]
old (58% in 2012) . These proportions will probably
increase in the future. Recent studies have already
proved the efficiency of a triple-drug combination of
fluorouracil, oxaliplatin and irinotecan (FOLFIRINOX) in
both types of cancer. For metastatic pancreatic cancer
a phase 2-3 trial demonstrated a survival advantage
when FOLFIRINOX was used as a first-line therapy
compared to gemcitabine, but the patients involved
[3]
were under 76 years old . For colorectal cancer,
this chemotherapy regimen has shown efficiency in
association alone or in association with bevacizumab
[4-7]
or cetuximab as first-line therapy
and for more
advanced stages, refractory to oxaliplatin and ir
[8]
inotecan . It can also be used as a neo-adjuvant
treatment for locally advanced or metastatic rectal
[9,10]
cancer as part of a clinical trial
.
Concerning these cancers, elderly patients are
underrepresented in trials, or are selected according
[11,12]
to their general condition
. Therefore, there is
a lack of evidence-based data when it comes to
an older population. The older cancer population is
heterogeneous with differences in co-morbidities,
functional statuses, geriatric syndroms and socioeco
[13]
nomic aspects . The G8 instrument was approved as
a screening tool to identify older patients who needed
[11]
a geriatric assessment . When it is carried out, it can
influence the decision of oncological treatment. The
patient’s biological age should ideally be established
through this comprehensive geriatric assessment. Age
alone should not be an exclusion criteria for the use
of new targeted treatments, especially for metastatic
[14,15]
colorectal cancer
. Few trials had already shown
that for selected elderly patients, chemotherapy
with 5 fluorouracil (5FU), oxaliplatin or irinotecan is
[16-24]
feasible with manageable toxicity levels
. In this
retrospective study we report the tolerance and efficacy
of FOLFIRINOX in patients over 70 years old treated in
our center.

CONCLUSION
For people over 70 years old, FOLFIRINOX regimen
seems to induce manageable toxicities but similar,
even higher, median survival rates compared to younger
people.
Key words: Elderly patients; Feasibility treatment;
Pancreatic cancer; Colorectal cancer; FOLFIRINOX
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The incidence of cancer in patients over 70
years old is still increasing, especially for pancreatic
and colorectal cancer. Database is missing concerning
elderly patients, especially for considered aggressive
chemotherapies, like FOLFIRINOX. The aim of this
retrospective study was to show the feasibility of a
combination chemotherapies (FOLFIRINOX) in an
elderly population, by initially adapting the treatment
dose, according to the patient’s general condition and
comorbidities. We surprisingly observed prolonged
survival and manageable toxicity levels.
Guion-Dusserre JF, Bertaut A, Ghiringhelli F, Vincent J, Quipourt
V, Marilier S, Tharin Z, Bengrine-Lefevre L. Folfirinox in
elderly patients with pancreatic or colorectal cancer-tolerance
and efficacy. World J Gastroenterol 2016; 22(42): 9378-9386
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i42/9378.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i42.9378

MATERIALS AND METHODS
Study design

This retrospective study was carried out at GeorgesFrancois Leclerc Center from January 2009 to January
2015. The use of FOLFIRINOX was evaluated and
validated by the local multidisciplinary staff. This
protocol has been proposed by the referent oncologist
for patients who received FOLFIRINOX after 70 years
with locally advanced or metastatic pancreatic cancer,

INTRODUCTION
In 2016, pancreatic cancer is the fourth leading cause
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or with metastatic colorectal cancer in first-line treat
ment, or a more advanced stage. All treatments were
validated in multidisciplinary staff. Two patients with
rectal cancer who had received FOLFIRINOX as neoadjuvant treatment as part of a clinical trial were
included (GRECCAR 4).

in this setting. Treatment continued until disease
progression, unacceptable toxicity, or patient refusal.
As a reminder, FOLFIRINOX was not necessarily
administrated as first line therapy for both types of
cancer.

Pretreatment and follow-up evaluation

Patients characteristics

Pretreatment evaluation included comorbidities (heart/
lung/liver), usual medications, ECOG performance
status, home help, autonomy, metastatic status,
metastatic site (liver/lung/peritoneum/other), tumor
marker level (ACE, CA 19-9), albumin levels, the use
of a targeted therapy (anti-VEGF/anti-EGFR). Tumor
response was evaluated using RECIST criteria. Followup evaluation included tumor assessment by thorax
abdominal and pelvic CT-Scan, tumor marker levels, loss
of autonomy, toxicities. Toxicity was graded according
to the CTCAE version 4.03. The loss of autonomy was
defined by home helps or a convalescence.

The study included patients over 70 years old who
received FOLFIRINOX, for locally advanced or metastatic
pancreatic or colorectal cancer, whatever the treatment
line.
We used 70 years old as cut off, because on retro
spective evidence, the incidence of geriatric problems
increases sharply after 70 years old in oncologic
[25]
population . Almost, main oncogeriatric studies, with
recommendations from the SIOG, are using the age
of 70 years old as cut off for geriatric assessment and
[26,27]
developing geriatric screening tools
.
For all patients, cancer was histologically confirmed.
Patients had to have adequate bone marrow function
(granulocyte count > 1500 per cubic millimeter, hemog
lobin > 9.0 g/dL and platelet count > 100000 per
cubic meter), liver function [total bilirubin < 3 times
the upper limit of normal (ULN) and aspartate/alanine
transaminases < 5 times the ULN], and renal function
(creatinine < 1.2 mg/dL or creatinine clearance > 50
mL/min).
Exclusion criteria were an uncontrolled infection,
pre-existing neuropathy grade ≤ 1, a history of drug
hypersensitivity, active concomitant malignancy, and
concurrent severe medical conditions.

Statistical analysis

All patients were followed up until death or the end
of data recording (31 January 2015). The time under
treatment was defined as the period between the first
and last cure of FOLFIRINOX, without progression
during this period. Progression free survival was
calculated from the date when therapy started to the
date of disease progression, and Overall Survival was
calculated from the date when therapy started to the
date of death. Median follow-up with its 95%CI was
calculated using the reverse Kaplan-Meier method.
Patient or disease characteristics were examined
2
using the χ test or Fisher’s exact test for qualitative
variables, and the Student t or Mann-Whitney tests
for continuous variables, as appropriate. Survival
probabilities were estimated using the Kaplan-Meier
method and survival curves were compared using the
log-rank test.
Statistical analyses were performed using SAS
version 9.3 (SAS Institute Inc., Cary, NC, United
States). All tests were two sided, and P values < 0.05
were considered statistically significant.

Treatment

The FOLFIRINOX regimen consisted of oxaliplatin
at a dose of 85 mg per square meter, given as a
2-h intravenous infusion, immediately followed by
leucovorin at a dose of 400 mg per square meter,
given as a 2-h intravenous infusion, with the addition,
after 30 min of irinotecan at a dose of 180 mg per
square meter, given as 90-min intravenous infusion.
This treatment was immediately followed by 5FU at
a dose of 400 mg per square meter, administered
by intravenous bolus, followed by a continuous intra
venous infusion of 2400 mg per square meter over
a 46-h period. This sequence was repeted every 2
wk. For metastatic colorectal cancer, chemotherapy
could be associated with targeted therapies such as
bevacizumab or cetuximab. Dose reductions were
based on adverse events that were graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03. Treatment was temporarily
suspended in cases of grade 3/4 hematological toxicity
or grade 2 or higher non-hematological toxicity. Once
the toxicity level was reduced to grade 1 or below,
chemotherapy was continued at a lower dose. The
treatment was suspended if the patients experienced
further toxicity. Dose re-escalation was not applied
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RESULTS
Patients characteristics

Between January 2009 and January 2015, a total of
52 patients aged from 70 to 87 years of age were
treated at the Department of Medical Oncology,
Georges-Francois Leclerc Cancer Center, Dijon, France
by FOLFIRINOX, with or without targeted therapy
associated, for pancreatic or colorectal cancer. The
main demographic and baseline characteristics of
patients involved in the study are shown in Table 1.
The average age was 75, with a median of 74 years
of age. The majority of patients had a good general
condition, 82.7% (n = 43) were 0-1 performance
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Table 1 Patient characteristics n (%)
Characteristics
Sexe
Male
Female
Age
< 80
≥ 80
Tumor location
Colorectal
Pancreas
Metastasis
≤1
>1
ECOG performance status
[0-1]
[2-3]
Comorbidities
No
Yes
Cardiac comorbidities
No
Yes
Pulmonary comorbidities
No
Yes
Hepatic comorbidities
No
Yes
Albumin level
< 30 g/L
≥ 30 g/L
Number of usual drugs
<3
≥4
Charlson comorbidities index
< 10
≥ 10
Initial autonomy
No
Yes

Table 2 Observed toxicity according Common Terminology
Criteria for Adverse Events v 4.03 (n = 52) n (%)
Patients
CTCAE v 4.03
34 (67.3)
18 (32.7)

Hematological
Anemia
Neutropenia
Thrombocytopenia
Non Hematological
Diarrhea
Nausea and vomiting
Asthenia
Peripheral Neutropenia
Hepatic toxicity

9 (17.0)
43 (83.0)
34 (65.4)
18 (34.6)
26 (50.0)
26 (50.0)
43 (82.7)
9 (17.3)

Severe

28 (53.8)
24 (46.2)
14 (26.9)

5 (9.6)
17 (32.7)
3 (5.8)

35 (67.3)
22 (42.3)
49 (94.2)
17 (32.7)
4 (7.7)

13 (25.0)
5 (9.6)
5 (9.6)
4 (7.7)
1 (1.9)

1

Grade 3-4 according to the CTCAE version 4.03. CTCAE: Common
Terminology Criteria for Adverse Events.

15 (28.8)
37 (71.2)

(67.3%), anemia (52.8%), neutropenia (46.2%) and
nausea/vomiting (42.3%).
When focusing on severe sides effects, neutropenia
(32.7, n = 24) and diarrhea (25%, n = 13) were the
most frequent (Table 2).
Concerning treatment administration, initially, a
majority of patients had a reduced dose (75%, n
= 39), particularly for irinotecan (67.3%, n = 35),
bolus of 5FU (25%) and continuous infusion of 5FU
(21.1%). Only 7 patients had a dose reduction of
oxaliplatin. During treatment, 26.9% of patients had a
dose adjustment (n = 14). The treatment was stopped
for 20 patients (38.5%) because of an excessive
toxicity and for 15 patients (28.8%) due to disease
progression. Almost, 25% of patients could benefited
from a maintenance therapy (n = 13) after a response
or a stabilization of the disease. Most patients died
from cancer, and 5 patients are still alive (only patients
with colorectal cancer, including 2 with FOLFIRINOX as
a neo adjuvant treatment).

40 (76.9)
12 (23.1)
47 (90.4)
5 (9.6)
52 (100.0)
0 (0.0)
16 (30.8)
21 (40.4)
22 (42.3)
30 (57.7)
32 (61.5)
20 (38.5)
3 (5.8)
49 (94.2)

status and 94.2% (n = 49) had complete autonomy at
home. Although 71.2% of patients had comorbidities,
the majority of them did not concern vital functions
(heart, lung and liver). The Charlson Comorbidity Index
(CCI) for general people with a metastatic tumor and
without comorbidities is 9 for people aged 70 to 79
years, and 10 for those aged 80 to 89 years. Thirtytwo patients (61.5%) had a CCI < 10. The nutritional
assessment showed an upper rate of albumin in 30 g/L
for 40.4% of patients.
All 52 patients were assessable for toxicity, survival
and radiological response using RECIST criteria.

Objective tumor response and survival

The assessment of the best tumor response according
to RECIST criteria, showed a progression for 21.1%
of patients (n = 11), a stable disease for 25% (n =
13), a partial response for 23.1% (n = 12). Only one
patient presented a complete response. Accordingly,
the objective response rate was 25% and the disease
control rate was 50%. A total of 16 patients couldn’t be
evaluated because of an early clinical progression or
death.
The median time under treatment was 2.62 mo for
colorectal cancer and 2.24 mo for pancreatic cancer
(Figure 1).
Overall survival was 43.38 mo (29.64-47.87) for
patients with colorectal cancer and 12.51 mo (8.85-17.2)
for pancreatic cancer (Figure 2).
In univariate and multivariate analysis, none of
geriatric parameters were linked to overall survival or
time under treatment (age, comorbidities, autonomy,
ECOG performance status, CCI and medication

Toxicity and feasibility

A total of 311 cycles of chemotherapy were admini
strated (median 4.5; range: 1-20). Hematological and
non hematological toxicities are listed in Table 2. Any
grade 3 or 4 toxicity according to the CTCAE 4.03 was
considered severe.
Regarding all toxicity grades more than 1/3 the
patients suffered from asthenia (94.2%), diarrhea

WJG|www.wjgnet.com
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Table 3 Univariate and multivariate analysis by subgroup for time under treatment
Univariate analysis
HR
Tumor location
CR
Pancréas
Metastatic sites
0-1
≥2
Age
< 75
≥ 75
Age
< 80
≥ 80
Comorbidities
No
Yes
Neoadjuvant chemotherapy
No
Yes
Initial autonomy (J0)
No
Yes
Charlson comorbidities index
< 10
≥ 10
ECOG performance status
0-1
≥2
Sexe
Male
Female
Number of usual drugs
<4
≥4

Multivariate analysis

P vaule

95%CI

Ref
1.615

0.882

Ref
0.56

0.315

Sunival probability

2.599
0.1405

Ref
0.613

0.994

0.32

1.175

0.2105
Ref
0.692

0.389

0.1637
Ref
0.664

1.231

0.373

1.182

0.371
Ref
1.394

0.673

2.889
0.979

Ref
1.008

0.549

1.851
0.2339

Ref
2.432

0.563

10.5
0.9059

Ref
0.932

0.288

3.018
0.7659

Ref
0.915

0.511

1.639
0.5046

Ref
1.281

0.618

2.655
0.7228

Ref
0.856

0.361

2.026
0.3057

Ref
1.34

0.765

2.347

in a geriatric population with a good general condition,
probably thanks to an initial dose adaptation. Age
alone should not be a limiting factor for using this type
of treatment. Elderly patients require a global geriatric
assessment.
Our study population was healthier than a standard
geriatric population with metastatic cancer. Indeed
82.7% of patients had a 0-1 performance status and
61.5% had a CCI < 10 in our study. However, for
ethical reasons, a triple-drug combination cannot be
given to an unhealthy patient with a performance
status > 2.
A phase 2-3 French trial that compared gemci
tabine to FOLFIRINOX for metastatic pancreatic
cancer, had already demonstrated the efficiency of
[3]
this combination . But the patients in the study were
younger and had a good performance status. In this
trial, overall survival was 11.1 months in FOLFIRINOX
group (95%CI: 9.0-13.1). This results are comparable
to the results of our study with an overall survival of
12.51 mo. Another phase 3 trial, this time comparing
gemcitabine to gemcitabine plus nab-paclitaxel in
pancreatic cancer, showed a median of overall survival
of 8.5 mo (95%CI: 7.9-9.5) for nab-paclitaxel group,
which was better than the gemcitabine alone group,
knowing that the median age in this group was

0.4
0.2

5

10

15

Time under treatmeat
loc

0.667

0.0478

0.6

0

0.4288
Ref
1.316

2.958

0.8

0.0

P vaule

95%CI

0.1204

Product-limit survival estimate
Logrank P = 0.1110
with number of subjects at risk

1.0

HR

CR

Pancreas

CR
34 28 19 15 12 11 10 7 0 4 3 3 3 2 2 1 0
Pancreas 18 15 10 0 6 2 2 0

Figure 1 Time under treatment for pancreatic and colorectal cancer.

number). Only the type of tumor (pancreas or colorectal)
was linked to overall survival in univariate and multi
variate analysis, obviously in favor of colorectal cancer
(Tables 3 and 4).

DISCUSSION
This retrospective study showed that polychemo
therapies considered toxic, like FOLFIRINOX, is feasible
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Table 4 Univariate and multivariate analysis by subgroup for overall survival
Univariate analysis
HR
Tumor location
CR
Pancréas
Metastatic sites
0-1
≥2
Age
< 75
≥ 75
Age
< 80
≥ 80
Sexe
Male
Female
Comorbidities
No
Yes
Initial autonomy
No
Yes
Charlson comorbidities index
< 10
≥ 10
ECOG performance status
0-1
≥2
Number of usual drugs
<4
≥4

A

Ref
6.362

P vaule

95%CI

2.963

< 10-4
Ref
5.816

13.66

2.47

13.693

0.0634
Ref
0.555

0.298

0.9874
Ref
1.006

1.034

0.498

2.032

0.5721
Ref
1.184

0.659

0.7614
Ref
1.096

2.124

0.607

1.976

0.5365
Ref
1.277

0.588

0.274
Ref
1.611

2.774

0.686

3.786

0.1178
Ref
0.464

0.177

0.4136
Ref
0.634

1.215

0.212

1.891

0.0899
Ref
1.787

0.914

0.8701
Ref
1.066

3.495

0.494

2.301

0.7372
Ref
1.277

0.306

5.336
0.7507

Ref
1.101

0.608

1.992
0.6426

Ref
0.833

0.385

1.802
0.6116

Ref
1.169

0.64

2.132

B

Product-limit survival estimate
with number of subjects at risk

Product-limit survival estimate
with number of subjects at risk

1.0
Survival probability

Censored

0.8
0.6
0.4

0.8
0.6
0.4
0.2

0.2
0.0

HR

< 10-4

1.0
Survival probability

Multivariate analysis

P vaule

95%CI

0

20

40

60

0.0

80

0

10

20

30

Overall survival in pancreatic cancer

Overall survival in colorectal cancer
At risk 18

At risk 34 31 29 27 25 21 18 17 8 6 3 3 2 1 0

16

10

4

2

1

0

Figure 2 Overall survival for colorectal cancer (A) and pancreatic cancer (B).
[28]

62 . These results are in favor of administrating
FOLFIRINOX in pancreatic cancer, even for elderly
patients. Concerning colorectal cancer, we could
observe a median overall survival of 43.38 mo (95%CI:
29.64-47.87), which is clearly higher than in other
[4-6,29,30]
trials, involving younger patients
. ASCO 2016
presented the first results of the phase 2 multicentric
french trial METHEP-2, which tends to confirm the
superiority of FOLFIRINOX associated to biotherapies
versus a bi-chemotherapy for colorectal cancer with
[7]
initially unresectable liver metastases . Median over
all survival was of 36 mo for bi-chemotherapy, and

WJG|www.wjgnet.com

hasn’t been reached for FOLFIRINOX group. Time
under treatment for colorectal cancer in our study was
low (2.62 mo), contrasting with high overall survival
rates. We could suspect that either colorectal cancer
progresses slowly or that tumor response obtained
with FOLFIRINOX induces a prolonged control of the
disease.
[4-6,31,32]
In important trials
, most common severe
toxicities (grade ≥ 3) with this chemotherapy were
neutropenia and diarrhea. In our geriatric population,
severe neutropenia rates were similar to the rates
observed in the literature data for younger patients,
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Terminology

with approximatively a third of patients who underwent
neutropenia (32.7%). Seventy-five percent of patients
had a reduction in the dosage of chemotherapy from
the start: 67.3% for irinotecan and 25% for bolus of
5FU. It is thanks to this dose reduction that our geriatric
population did not suffer more of neutropenia than a
younger population. Systematically using GCSF, could
clearly reduce the proportion of severe neutropenia
rates. The only severe toxicity that was more frequent
than in other studies, was diarrhea. Indeed 25% of
our population (n = 13) was concerned. Systematically
prescribing antidiarrheal treatments should be
recommended.
Our study limits were the retrospective and
monocentric plan. However, there was little missing
data for patients. Also, we could consider that 52
patients is a poor recruitment, but regarding the
characteristics of the population we studied (the
elderly people with pancreatic/colorectal cancer, able
to receive FOLFIRINOX), these numbers are clearly
acceptable. Finally, carrying out a study including
both pancreatic and colorectal cancer, which are two
different types of cancer when it comes to evolution
and prognosis, can be questionable at first. But the
primary objective of our study was to evaluate the
feasibility of FOLFIRINOX in an elderly population,
whatever the primary tumor.
In conclusion, FOLFIRINOX is a triple-drug com
bination feasible in geriatric population, over 70 years
of age, with manageable toxicity levels and interesting
rates of overall survival, especially for colorectal cancer,
compared to a younger population. Currently, a phase
2 French trial, PAMELA-70, is trying to confirm these
results by evaluating the efficiency and tolerance of
dose adjusted FOLFIRINOX in elderly patients with a
[33]
metastatic pancreatic cancer .

FOLFIRINOX regimen consisted of oxaliplatin at a dose of 85 mg per square
meter, given as a 2-h intravenous infusion, immediately followed by leucovorin
at a dose of 400 mg per square meter, given as a 2-h intravenous infusion,
with the addition, after 30 min of irinotecan at a dose of 180 mg per squar
meter, given as 90-min intravenous infusion. This treatment was immediately
followed by 5 fluorouracil at a dose of 400 mg per square meter, administred by
intravenous bolus, followed by a continuous intravenous infusion of 2400 mg
per square meter over 46-h period.

Peer-review

The manuscript by Guion-Dusserre and colleagues analyzes FOLFIRINOX
in elderly patients with pancreatic (PDAC) and colorectal (CRC) cancer. This
retrospective study included patients over 70 years and 52 patients were
treated by FOLFIRINOX, 34 had CRC and 18 had PDAC. The authors show
that FOLFIRINOX toxicities were manageable and that median survival rates
were comparably good. This is a well written and clinical interesting and
relevant study.
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Abstract

Informed consent statement: Patients were not required to
provide informed consent for this study because the analysis
utilized anonymous clinical data that were obtained after each
patient agreed to treatment by written consent. For full disclosure,
the details of the study are published on the home page of
Fukushima Medical University.

AIM
To examine the influence of night duty (ND) on endo
scopic therapy for biliary duct stones.
METHODS
The subjects consisted of 133 patients who received
initial endoscopic therapy for biliary duct stones
performed by eight endoscopists after they had been
on (ND group, n = 34 patients) or not [day duty (DD)
group, n = 99 patients]. Patient characteristics (age,
gender, history of abdominal surgery, transverse
diameter of the largest stone, number of stones),
years of experience of the endoscopists, endoscopic
procedures [sphincterotomy, papillary balloon dilation
(EPBD), papillary large balloon dilation (EPLBD)], and
outcomes of initial endoscopy (procedure time; rate
of stone removal by the first endoscopist; procedure
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success rate by the first endoscopist: removal of
stones or endoscopic retrograde biliary drainage; rate
of final stone removal; final procedure success rate;
complications; hospitalization after the procedure) were
compared retrospectively between the two groups.
History of abdominal surgery and treatment outcomes
were also compared between the groups for each
of the four endoscopists who performed most of the
procedures in the ND group.

Sugimoto M, Takagi T, Suzuki R, Konno N, Asama H, Watanabe
K, Nakamura J, Kikuchi H, Waragai Y, Takasumi M, Hikichi T,
Ohira H. Influence of night duty on endoscopic therapy for bile
duct stones. World J Gastroenterol 2016; 22(42): 9387-9393
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i42/9387.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i42.9387

RESULTS
There were no significant differences regarding the
number of treatments performed by each endoscopist
or the years of experience between the ND and DD
groups. The frequency of endoscopic retrograde
cholangiopancreatography procedures did not differ
significantly between the groups. There were also no
significant differences regarding patient characteristics:
age, gender, history of abdominal surgery (ND 7:
Billroth II 4, R-Y 3; DD 18: double tract reconstruction 1,
Billroth I 3, Billroth II 6, R-Y 7, duodenoduodenostomy
for annular pancreas 1), transverse diameter of largest
stone, and number of stones between the two groups.
Among the treatment procedures, the endoscopic
sphincterotomy and EPBD rates did not differ
significantly between the groups. However, EPLBD was
performed more frequently in the ND group [47.1%
(16/34) v s 19.2% (19/99)]. Regarding outcomes,
there were no significant differences in the rate of
stone removal, procedure success rate, complications
(ND: pancreatitis 1; DD: pancreatitis 6, duodenal
bleeding 1, decreased blood pressure 1, hypoxia 2),
or hospitalization after the procedure. However, the
procedure time was significantly longer in the ND
group (71.5 ± 44.7 vs 54.2 ± 28.8). Among the four
endoscopists, there were no significant differences in
patient history of abdominal surgery, removal of stones,
or procedure success rate. However, the procedure
time for one endoscopist was significantly longer in the
ND group.

INTRODUCTION
Sleep deprivation disturbs cognitive ability, and sleep
[1]
is important to maintain concentration . Sleep depri
vation also reduces work efficiency and changes brain
[2-7]
activation . However, most reports in the clinical
field indicate that sleeping hours or night duty (ND)
[8]
do not influence surgery. In Ellman et al and Chu
[9]
et al , sleeping hours did not affect outcomes after
[10]
cardiac surgery. In Sharpe et al
complications and
re-hospitalization 30 d after abdominal surgery (hernia
repair, cholecystectomy, intestinal operations) did not
differ significantly between doctors who were and
were not on ND on the previous day. Most recently,
[11]
Govindarajan et al reported that prior night work did
not affect outcomes for gastroenterology surgeries,
hysterectomy, orthopedic surgeries, lung resection,
craniotomy, or angioplasty. However, in Rothschild
[12]
et al , complications were more frequent after
surgery performed by surgeons with a prior sleep time
of less than 6 h, and serious medical errors have been
[13]
associated with interns working for more than 24 h .
Endoscopic therapy requires considerable concen
tration, but the dependence of outcomes on sleep time
or ND has not been examined. Therefore, in this study,
we investigated the influence of ND on endoscopic
therapy for bile duct stones.

MATERIALS AND METHODS

CONCLUSION
The time required for endoscopic therapy for bile duct
stones might be influenced by ND.

Study design

This study was performed as a retrospective analysis
of clinical data. Written consent for endoscopic therapy
was obtained from the patients. Informed consent for
this study was not required. The ethics committee of
Fukushima Medical University approved the study, and
the details of the study are published on the homepage
of Fukushima Medical University (authorization No.
2453).

Key words: Night duty; Endoscopic therap; Bile duct
stone; Removal of stones; Procedure time
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sleep deprivation affects brain activation, and
therefore disturbs cognitive ability and reduces work
efficiency. In the clinical field, night duty (ND) might
affect surgical outcomes and the number of medical
errors. In this study, we examined the influence of
ND on endoscopic therapy for biliary duct stones. The
procedure was significantly longer when performed
by endoscopists after they had been on ND. The time
required for endoscopic therapy for bile duct stones
might be influenced by ND.
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Patients

Among 335 patients treated with endoscopic therapy
for bile duct stones from January 2011 to December
2015 at Fukushima Medical University Hospital, 167
underwent initial endoscopic therapy and had stones
confirmed via computed tomography or endoscopic
retrograde cholangiography (Figure 1). Among these
patients, data from 133 patients treated by eight
endoscopists (A-H) were evaluated in this study. In
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[sphincterotomy (EST), papillary balloon dilation (EPBD),
papillary large balloon dilation (EPLBD)], treatment
outcomes (procedure time; removal of stones by
the first endoscopist; procedure success rate by the
first endoscopist: removal of stones or endoscopic
retrograde biliary drainage; final rate of stone removal;
final procedure success rate; complications; and
hospitalization after procedure). The outcomes
related to the second (or more) endoscopist were
included in the study: rate of final stone removal and
final procedure success rate. History of abdominal
surgery and treatment outcomes (procedure time,
removal of stones, procedure success rate) were also
compared between the two groups for each of the four
endoscopists (A-D) who treated many of the patients
in the ND group. The main outcome was a comparison
of treatment results to evaluate the work efficiency in
the ND and DD groups.
Endoscopic retrograde cholangiopancreatogra
phy (ERCP)-related procedures were performed for
patients with stable breathing and hemodynamics.
Before ERCP, patients were sedated with midazolam
under observation of blood pressure and oxygen
saturation. However, patients in septic shock were not
sedated. Most procedures were performed with a JF
260V endoscope (Olympus, Tokyo, Japan). A Q260J
(Olympus) was used for double tract reconstruction
in proximal gastrectomy, a PCF-Q260AI or Q260J
(Olympus) was used for Billroth II (B-II) procedures,
and a PCF-Q260AL (Olympus) was used for Rouxen-Y (R-Y). For R-Y after choledocojejunostomy, the
bile duct-jejunum anastomosis was accessed with a
SIF-Q260 (Olympus) and a sliding tube. The balloon of
the sliding tube was expanded, fixed and placed, and
endoscopy with a PCF-PQ260AI (Olympus) was then
performed through the sliding tube.
EST was performed using Clever Cut (Olympus).
In cases in which it was difficult to cannulate the
biliary duct, or for patients with a history of abdominal
surgery, an RX needle knife XL (Boston Scientific,
Tokyo, Japan) was used. EPBD was performed if the
transverse diameter of the largest stone was > 8 mm
and bile duct stones were difficult to remove only by
EST or if a perivaterian diverticulum was present. A
Hurricane RX Biliary Balloon Dilation Catheter (Boston
Scientific) was used for EPBD. EPLBD was performed if
the transverse diameter of the largest stone was > 12
mm, if many bile duct stones were difficult to remove
only by EST or if sufficient EST was difficult because
of a parapapillary diverticulum or history of abdominal
surgery. A CRE Biliary Balloon Dilation Catheter (Boston
Scientific) or a Giga (Century Medical, Tokyo, Japan)
was used for EPLBD. A Trapezoid RX basket catheter
(Boston Scientific) and a LithoCrush V, FG-V435P
(Olympus) were used as tools to crush stones.

Patients with bile duct stones who
underwent endoscopic therapy
n = 335
Second and subsequent
endoscopic therapy
n = 168
Initial endoscopic therapy
n = 167
Preformed by endoscopists who
did not work night shifts
n = 34
Preformed by endoscopists who
sometimes worked night shifts
n = 133

Endoscopist worked on previous
night shift (group ND)
n = 34

Endoscopist did not work on
previous night shift (group DD)
n = 99

Figure 1 Disposition of patients in the study. Among 335 patients treated
by endoscopic therapy for bile duct stones in five years at our hospital, 167
underwent initial endoscopic therapy. The data from 133 patients treated by
eight endoscopists who sometimes worked night shifts were evaluated in this
study. These 133 cases included 34 patients treated by endoscopists after
they had been on night duty the previous day (ND group) and 99 treated by the
same endoscopists when they had not been on night duty the previous day (DD
group). ND: Night duty; DD: Day duty.

Table 1 Profile of endoscopists
Item
Endoscopists
(years of experience)
A (14-19)
B (6-9)
C (6-8)
D (6-11)
E (7-12)
F (10-15)
G (5-8)
H (3-7)
Years of experience,
mean ± SD

ND Group

DD Group

(n = 34)

(n = 99)

P value
0.527

5
7
8
5
2
3
3
1
9.3 ± 3.9

11
17
21
16
22
7
4
1
9.4 ± 3.4

0.830

ND: Night duty; DD: Day duty.

total, 34 patients were treated by an endoscopist after
they had been on ND the previous day (ND group),
and 99 patients were treated by the same endoscopists
when they had not been on ND the previous day
(day duty, DD group) (Table 1). ND was defined as
performing normal ward duties in the hospital overnight
and sometimes examining emergency patients.

Methods

The following items were compared between the
ND and DD groups: years of experience of the endo
scopists, patient characteristics (age, gender, history of
abdominal surgery, transverse diameter of the largest
stone, number of stones), endoscopic procedure
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Statistical analysis

Years of experience of endoscopists, patient age,
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Table 4 Comparison of treatment outcomes n (%)

Table 2 Comparison of patient characteristics

Age (yr), mean ± SD
Gender (M/W)
History of abdominal
surgery, n (%)
Double tract
reconstruction, n
Billroth Ⅰ
Billroth Ⅱ
Roux-en-Y
Duodenoduodenostomy
Transverse diameter of the
largest stone (mm),
mean ± SD
Number of stones,
mean ± SD

ND Group

DD Group

(n = 34)
73.1 ± 13.0
21/13
7 (20.6)

(n = 99)
72.4 ± 14.3
59/40
18 (18.2)

P value
0.801
0.824
0.757

Procedure time (min),
mean ± SD
Rate of stone removal by
first endoscopist
Procedure success rate by
first endoscopist
Rate of final stone removal
Final procedure success
rate
Complications
Pancreatitis
Duodenal bleeding
Decreased blood pressure
Hypoxia
Hospitalization after
procedure (d), mean ± SD

1

10.6 ± 4.6

3
6
7
1
10.3 ± 4.9

2.8 ± 4.0

2.8 ± 3.6

4
3

0.735

1.0

ND: Night duty; DD: Day duty; Double tract reconstruction: Double
tract reconstruction for proximal gastrectomy; Duodenoduodenostomy:
Duodenoduodenostomy for annular pancreas.

EST
EPBD
EPLBD

DD Group

P value

(n = 34)
32 (94.1)
0 (0)
16 (47.1)

(n = 99)
83 (83.8)
6 (6.1)
19 (19.2)

0.107
0.163
0.001

P value

(n = 99)
54.2 ± 28.8

0.043

13 (38.2)

52 (52.5)

0.150

18 (52.9)

57 (57.6)

0.638

24 (70.6)
33 (97.1)

66 (66.7)
90 (90.9)

0.67
0.22

1 (2.9)
1

11 (11.1)
6
2
1
2
6.6 ± 6.6

0.136

7.1 ± 7.6

0.715

also no significant differences in patient characteristics
regarding age, gender, history of abdominal surgery
(ND 7: Billroth II 4, R-Y 3; DD 18: double tract recon
struction 1, Billroth I 3, Billroth II 6, R-Y 7, duodenoduo
denostomy for annular pancreas 1), transverse diameter
of the largest stone, and number of stones between
the two groups (Table 2).
Among the treatment procedures, the rates of
EST and EPBD did not differ significantly between the
groups, but EPLBD was performed more frequently
in the ND group [47.1% (16/34) vs 19.2% (19/99)]
(Table 3). Regarding outcomes, there were no signi
ficant differences in the rate of stone removal and
procedure success rate, complications (ND: pancreatitis
1; DD: pancreatitis 6, duodenal bleeding 1, decreased
blood pressure 1, hypoxia 2), or hospitalization after
the procedure (Table 4). However, the procedure time
was significantly longer in the ND group (71.5 ± 44.7
vs 54.2 ± 28.8).
For each of the four endoscopists A-D, there were
no significant differences in patient history of abdominal
surgery, rate of stone removal, and procedure success
rate. However, the procedure time for endoscopist D
was significantly longer in the ND group (Table 5).

ND: Night duty; DD: Day duty; EST: Endoscopic sphincterotomy; EPBD:
Endoscopic papillary balloon dilation; EPLBD: Endoscopic papillary large
balloon dilation.

transverse diameter of the largest stone, number
of stones, and hospitalization after the procedure
were compared by Student’s t tests. The number of
procedures performed by each endoscopist in the ND
and DD groups, patient gender, history of abdominal
surgery, EPLBD, rate of stone removal by the first
endoscopist, rate of final stone removal and procedure
success rate by the first endoscopist were compared
2
by the χ test. Procedure time was compared with
the Welch t test. EST, EPBD, complications, final
procedure success rate and items for each endoscopist
(history of abdominal surgery, removal of stones rate,
procedure success rate) were compared by the Fisher
exact probability test. The procedure time for each
endoscopist was compared by the Mann-Whitney U
test. P < 0.05 was considered to be significant. All
analyses were performed using Statcel 3 (OMS Edition,
Saitama, Japan).

DISCUSSION
In this report, we examined the influence of ND on
endoscopic therapy for bile duct stones. The rate of
EPLBD and the procedure time were significantly
greater for endoscopists after ND. The procedure time
was also longer in the ND group for one endoscopist.
Although more EPLBD procedures were performed
in the ND group, the patients who met the criteria for
EPLBD described in the Materials and Methods were
not significantly different between the ND group and
2
the DD group according to the results of χ tests (Table

RESULTS
There were no significant differences regarding the
number of treatments performed by each endoscopist
or in the years of experience between the ND and
DD groups (Table 1). The frequency of ERCP did not
differ significantly between the groups. There were

WJG|www.wjgnet.com

DD Group

(n = 34)
71.5 ± 44.7

ND: Night duty; DD: Day duty; Procedure success rate: Removal of stones
or biliary stenting.

Table 3 Comparison of endoscopic procedures, n (%)
ND Group

ND Group
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Table 5 Comparison of treatment outcomes for each
endoscopist n (%)
ND Group
Endoscopist A
n
Procedure time (min),
median ± SD
Rate of stone removal
Procedure success rate
Endoscopist B
n
Procedure time (min),
median ± SD
Rate of stone removal
Procedure success rate
Endoscopist C
n
Procedure time (min),
median ± SD
Rate of stone removal
Procedure success rate
Endoscopist D
n
Procedure time (min),
median ± SD
Rate of stone removal
Procedure success rate

5
90.0 ± 80.8
3 (60.0)
5 (100)
7
40.0 ± 20.4

DD Group
11
90.0 ± 39.7
6 (54.5)
9 (81.8)

P value

0.635
0.458

0.589

11 (64.7)
12 (70.6)

0.572
0.607

21
50.0 ± 27.1

0.113

3 (37.5)
4 (50.0)

7 (33.3)
10 (47.6)

0.745
0.617

5
60 ± 31.5

16
40 ± 14.7

0.017

8 (50)
10 (62.5)

0.258
0.126

8
75.0 ± 39.6

1 (20)
1 (20)

Patients with EPLBD indication,
n (%)
Patients in whom EPLBD was
performed (shown in Table 3)
Reasons for not performing
EPLBD
AOSC
Narrow lower bile duct
Biliary stricture
Minor bleeding of Vater’s
papilla
No insurance coverage for
EPLBD
96 years old and performance
status 3
Gallstone pancreatitis
Antithrombotic drug therapy
Difficulty identifying the biliary
anastomotic region
Smaller stones on visual
inspection
Difficulty identifying the
Vater papilla
Double tract reconstruction

0.910

17
50.0 ± 26.0

5 (71.4)
5 (71.4)

Table 6 Reasons for not performing endoscopic papillary
large balloon dilation

ND: Night duty; DD: Day duty; Procedure success rate: Removal of stones
or biliary stenting.

DD Group

P value

(n = 34)
20 (58.8)

(n = 99)
44 (44.4)

0.15

16

19

1
1
1
1

5
1
0
0

0

5

0

1

0
0
0

3
4
2

0

2

0

1

0

1

EPLBD: Endoscopic papillary large balloon dilation; AOSC: Acute
obstructive suppurative cholangitis.

6). Fewer EPLBD procedures were performed in the DD
group for several reasons. However, it has been shown
that EPLBD shortens the procedure by allowing easier
removal of stones or at least does not extend the
[14,15]
procedure time
. Based on these earlier reports,
we suggest that EPLBD did not contribute to the longer
procedure time in the ND group.
The cause of the longer procedure time for endo
scopists after ND might be the influence of sleep
deprivation or lower sleep quality on work efficiency.
The attention, vigilance, and driving tasks of residents
during heavy night call rotations were equivalent to
those for residents with a 0.04 to 0.05 g % blood
[16]
alcohol concentration during a light call rotation .
[17]
Sanches et al
also found that the psychomotor
performance of young doctors on night shifts was lower
than that of young doctors who were not assigned
night work. Thus, ND may influence the procedure time
of endoscopic therapy for bile duct stones.
In this study, there was no significant difference
in complications between procedures performed by
endoscopists who had and had not been on prior ND,
but an extended procedure time has been reported
[18,19]
to be a risk factor for post-ERCP pancreatitis
.
[20]
In addition, Pan et al
found that a cannulation
challenge to the common bile duct within 10 min gave
the best results in trials by trainees. Therefore, if a
procedure is slow by an endoscopist working after ND,
it might be advisable to change the endoscopist.
There are several limitations to this study, including
its retrospective design and the small number of cases
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ND Group

of ERCP for bile duct stones at a single institution. We
perform 400 ERCP procedures each year. However,
in this study, we only included patients treated by
endoscopists who had been on ND and performed
the initial endoscopic therapy for bile duct stones.
This resulted in a small number of eligible subjects.
However, restricting the endoscopic procedures to
the treatment of bile duct stones allowed for a more
precise evaluation of the influence of ND compared to
previous studies that considered the effect of ND on
[8-12]
multiple types of surgery
. Secondly, we did not
measure the exact sleep time of the endoscopists.
However, night shifts and on-call duty have been found
to influence circadian rhythm and worsen quality of
[21,22]
sleep
. A difference in bedding also influences
[23-26]
quality of sleep
, and, therefore, ND itself is likely
to influence quality of sleep. Thirdly, we were unable
to compare the number of biliary duct cannulation
challenges between the two groups to evaluate the
direct influence of ND on the endoscopic procedure
due to a lack of precise records. A further study of the
number of biliary duct cannulations is desirable.
Within these limitations, we conclude that the
procedure time for endoscopic therapy for bile duct
stones is increased by the influence of ND. Substitution
of an endoscopist after ND might be advisable to
shorten the procedure.
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Abstract
AIM
To evaluate the morphology of the colon in patients
with irritable bowel syndrome (IBS) by using computed
tomography colonography (CTC).

Institutional review board statement: The study protocol was
approved by the institutional review board at our institutions.
Informed consent statement: Written informed consent was
obtained from all the patients.

METHODS
Twelve patients with diarrhea type IBS (IBS-D), 13
patients with constipation type IBS (IBS-C), 12 patients
with functional constipation (FC) and 14 control patients
underwent colonoscopy following CTC. The lengths of
the rectosigmoid colon, transverse colon and the total
colon were measured. The diameters of the rectum,
sigmoid colon, descending colon, transverse colon, and
ascending colon were measured.
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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
The mean length of the total colon was 156.5 cm in
group C, 158.9 cm in group IBS-D, 172.0 cm in group
IBS-C, and 188.8 cm in group FC. The total colon in
group FC was significantly longer than that in group C
(P < 0.05). The mean length of the rectosigmoid colon
was 56.2 cm, 55.9 cm, 63.6cm, and 77.4 cm (NS).
The mean length of the transverse colon was 49.9 cm,
43.1 cm, 57.0 cm, and 55.0 cm. The transverse colon
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Correspondence to: Hiroyuki Imaeda, MD, Department of
Gastroenterology, Saitama Medical University, 38 Morohongo,
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and has no diagnostic biomarkers, symptom-based
[1,2]
criteria (Rome Ⅲ) are recommended for its diagnosis .
IBS is a prototypic functional GI disorder generally
accompanied by visceral hypersensitivity, increased gut
reactivity, and altered central processing in response
[5,6]
to various stressors . Its features are affected by
psychosocial stress, infection, gut microbiota and by
the patient’s genetics, gender, age, society, culture and
[7-11]
perspective
.
Computed tomographic colonography (CTC), similar
to colonoscopy but less invasive, is an examination
procedure developed for detecting colonic adenomatous
[12-14]
lesions
. Both colonoscopy and CTC examine the
full length of the colon, and their use in screening
would be expected to result in colorectal cancer (CRC)related mortality rates lower than those obtained using
sigmoidoscopy or stool-based tests. For CRC and large
precursor adenomas (≥ 10 mm), the sensitivity of CTC
is comparable with that of colonoscopy. Not only colonic
adenomatous lesions but also colonic morphology is
able to be examined by using CTC. However, there is a
paucity of information regarding the appropriate use of
abdominal imaging in patients with IBS, and few studies
[15]
have investigated typical diagnostic yields in them .
Moreover, the diagnostic threshold of each IBS subtype
has not been reported before.
The aim of this study was to retrospectively evaluate
the GI tract morphology revealed using CTC in patients
with IBS.

in group IBS-D was significantly shorter than that in
group IBS-C (P < 0.01) and that in group FC (P = 0.02).
The mean diameter of the sigmoid colon was 4.0 cm, 3.3
cm, 4.2 cm, and 4.3 cm (NS). The mean diameter of
the descending colon was 3.6 cm, 3.1 cm, 3.8 cm, and
4.3 cm. The descending colon diameter in group IBS-D
was significantly less than that in group IBS-C (P = 0.03)
and that in group FC (P < 0.001). The descending
colon diameter in group FC was significantly greater
than that in group C (P = 0.04). The mean diameter of
the transverse colon was 4.4 cm, 3.3 cm, 4.2 cm, and
5.0 cm (NS).
CONCLUSION
CT colonography might contribute the clarification of
subtypes of IBS.
Key words: Constipation; Irritable bowel syndrome;
Computed tomography colonography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report the morphology difference between
diarrhea type IBS (IBS-D) and constipation type IBS
(IBS-C). 12 patients with IBS-D, 13 patients with
IBS-C, 12 patients with functional constipation (FC)
and 14 control patients underwent colonoscopy
following computed tomography colonography (CTC).
The lengths and the diameters of the colon were
measured. The rectosigmoid colon and transverse
colon in IBS-D are shorter than that in IBS-C and FC.
The sigmoid colon and descending colon in IBS-D has a
diameter smaller than that in IBS-C and FC. The colonic
morphology in IBS-D might be different from that in
IBS-C and FC. CTC might contribute the clarification of
IBS.

MATERIALS AND METHODS
Twelve patients with IBS-D (group IBS-D), 13 patients
with IBS-C (group IBS-C), 13 patients with functional
constipation (group FC), and 14 patients with colonic
polyps and without abnormal defecation (control group
C) were enrolled in this study at Saitama Medical
University from May 2012 to February 2016. Patients
underwent CTC soon after colonoscopy.
Preexamination preparation included a clearliquid diet the day prior to examination and 75 mg of
Laxoberon after dinner of the day prior to examina
tion. In addition to fasting (12 h) before colonoscopy,
patients underwent a standardized bowel preparation
protocol using 244 g of Moviprep or 137 g of Niflec
(EA Paharma Co., Japan). During the examination
the patients first underwent colonoscopy with CO2
insufflation (PCFQ260, PCFQ260AZ, or PCFH290,
Olympus Medical Science Corp., Japan) using intra
muscular injection of 20 mg butylscopolamine or 1
mg of glucagon. Colonoscopy was performed by three
endoscopists, and as much intracolonic fluid as possible
was suctioned during withdrawal of the colonoscope.
Next, soon after colonoscopy, patients underwent
CTC. The CTC examination entailed insertion of a
small flexible rectal catheter with colonic distension
produced by an automated CO2 insufflator (20 mmHg,
PROTOCO2L, Eidia Co., Japan) immediately before
the scan. Single-breath-hold multidetector supine and

Ohgo H, Imaeda H, Yamaoka M, Yoneno K, Hosoe N, Mizukami
T, Nakamoto H. Irritable bowel syndrome evaluation using
computed tomography colonography. World J Gastroenterol
2016; 22(42): 9394-9399 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i42/9394.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9394

INTRODUCTION
Irritable bowel syndrome (IBS), one of the most com
mon gastrointestinal (GI) disorders in the world, is
characterized by abdominal pain, discomfort, bloating,
[1,2]
and disturbed defecation . It has four types: IBS
with diarrhea (IBS-D), IBS with pain or discomfort and
predominant constipation (IBS-C), mixed IBS (IBS-M),
and unsubtyped IBS (IBS-U). IBS is very common, with
[3]
a prevalence of 10%-20% in the world . In Japan,
there are approximately 6%-17% of patients with
[4]
IBS .
Because IBS lacks characteristic imaging features
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IBS-D was significantly shorter than that in group
IBS-C (P < 0.01) and that in group FC (P = 0.02).
The mean diameter of the rectum was 6.0 cm
in group C, 5.4 cm in group IBS-D, 5.8 cm in group
IBS-C, and 6.0 cm in group FC. There was no significant
difference between the rectum diameters in any two of
these groups. The mean diameter of the sigmoid colon
was 4.0 cm in group C, 3.3 cm in group IBS-D, 4.2 cm
in group IBS-C, and 4.3 cm in group FC (Figure 3A).
The sigmoid colon diameter in group IBS-D tended
to be less than that in group IBS-C (P = 0.13) and
that in group FC (P = 0.07). The mean diameter of
the descending colon was 3.6 cm in group C, 3.1 cm
in group IBS-D, 3.8cm in group IBS-C, and 4.3 cm in
group FC (Figure 3B). The descending colon diameter
in group IBS-D was significantly less than that in group
IBS-C (P = 0.03) and that in group FC (P < 0.001). The
descending colon diameter in group FC was significantly
greater than that in group C (P = 0.04). The mean
diameter of the transverse colon was 4.4 cm in group
C, 3.3 cm in group IBS-D, 4.2 cm in group IBS-C, and
5.0 cm in group FC (Figure 3C). The transverse colon
diameter in group IBS-D tended to be less than that
in group FC (P = 0.08). The mean diameter of the
ascending colon was 5.4 cm in group C, 5.8 cm in group
IBS-D, 5.7 cm in group IBS-C, and 6.0 cm in group FC.
None of these diameters differed significantly from any
of the others.

Table 1 Clinical characteristics of patients

Male/female
Mean age

Group C

Group IBS-D

Group IBS-C

Group FC

6/8
64

10/2
60

6/7
61

7/5
70

IBS-D: Diarrhea type IBS; IBS-C: Constipation type IBS; FC: Functional
constipation; IBS: Irritable bowel syndrome.

prone CT images were obtained using a 128-channel
scanner (Siemens SOMATOM Definition Flash; Siemens
Healthineers, Japan). Each image was acquired using
0.75-mm slice collimation, 1-mm reconstruction slice
thickness and reconstruction increment, 120 kVp and
80 mAs after the subject had received an intramuscular
injection of 20 mg butylscopolamine.
The lengths of the entire colon, rectosigmoid colon
and transverse colon were measured, as the diameters
of the rectum, sigmoid colon, descending colon, tran
sverse colon and ascending colon were measured.
The study protocol was in accordance with the
tenets of the revised Declaration of Helsinki (1989) and
was approved by the institutional review board at our
institutions. Written informed consent was obtained
from all the patients.

Statistical analysis

The statistical significance of length and diameter
differences was evaluated, by analysis of variance
with Scheffe’s method of multiple comparison, using
SPSS software, version 17 (SPSS Inc., Chicago, IL). All
probability values calculated in this analysis were onesided sided, and P < 0.05 was considered significant.

DISCUSSION
IBS is a disease based on symptoms: abdominal
pain, discomfort and abnormal defecation. IBS is
not associated with serious GI diseases such as
inflammatory bowel disease, infectious enterocolitis,
diverticulitis, and colonic cancer. Ba enema or CTC
shows no remarkable findings. Therefore, The Rome
criteria were developed as a method to diagnose
functional digestive disorders including IBS of FC
without the need to subject the patients to invasive,
[1]
expensive tests or procedures . The diagnosis of IBS
is subtyped by the predominant stool pattern: IBS-D,
IBS-C, IBS-M, or IBS-U. If a patient meets criteria for
IBS-C or D or FC, they should not require colonoscopy
or CTC to evaluate the colonic morphology or mucosa.
However, several factors are related to IBS - such as
[7-11]
psychosocial stress, infection, gut microbiota
but
it is not certain that the causes of each subtype are
the same and that each subtype is the same disease.
Few studies have investigated typical diagnostic yields
[15]
using abdominal imagings in IBS patients . In this
study the morphology of the colon was examined
in IBS-D patients and IBS-C patients, FC patients
and control patients. The transverse colon in IBS-D
patients was significantly shorter than that in IBS-C
patients and FC patients, and the length of the
rectosigmoid colon in IBS-D patients tended to be less
than that of the rectosigmoid colon in IBS-C patients
and FC patients. The diameter of the descending colon
in IBS-D patients was significantly smaller than that

RESULTS
Six male and 8 female patients were enrolled in group C,
10 male and 2 female patients were enrolled in group
IBS-D, 6 male and 7 female patients were enrolled in
group IBS-C, and 7 male and 5 female patients were
enrolled in group FC. The mean age was 64 in group
C, 60 in group IBS-D, 61 in group IBS-C and 70 in
group FC (Table 1). Examples of CTC findings in IBS-D,
IBS-C, and FC patients are shown in Figure 1.
The mean length of the total colon was 156.5 cm in
group C, 158.9 cm in group IBS-D, 172.0 cm in group
IBS-C, and 188.8cm in group FC (Figure 2A). The total
colon in group FC was significantly longer than that
in group C (P < 0.05), and the total colon in group
FC tended to be longer than that in group IBS-D (P =
0.07). The mean length of the rectosigmoid colon was
56.2 cm in group C, 55.9 cm in group IBS-D, 63.6 cm
in group IBS-C, and 77.4 cm in group FC (Figure 2B).
The rectosigmoid colon length in group FC tended to
be greater than that in group C (P = 0.08) and that
in group IBS-D (P = 0.07). The mean length of the
transverse colon was 49.9 cm in group C, 43.1 cm in
group IBS-D, 57.0 cm in group IBS-C, and 55.0 cm in
group FC (Figure 2C). The transverse colon in group
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A

B

C

25 mm/div
H
RA L
F

Supine

25 mm
H
RA L
F

25 mm/div
H
RA L
F

Figure 1 Computed tomography colonography. A: Typical diarrhea type IBS; B: Typical constipation type IBS; C: Typical functional constipation; IBS: Irritable
bowel syndrome.

A

B

C
(cm)
70.00

(cm)
300.00

(cm)
a

75.00

40.00

100.00

50.00

30.00
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25.00

150.00

Control

IBS-D

IBS-C

FC

IBS-C

FC

50.00

100.00

200.00

c

60.00

125.00

250.00

d

20.00
Control

IBS-D

IBS-C

FC

Control

IBS-D

Figure 2 Length. A: total colon, aP < 0.05 vs control; B: Rectosigmoid colon; C: Transverse colon, cP < 0.05 vs IBS-D, dP < 0.01 vs IBS-D. IBS-D: Diarrhea type IBS;
IBS-C: Constipation type IBS; FC: Functional constipation; IBS: Irritable bowel syndrome.
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Figure 3 Diameter. A: Sigmoid colon; B: Descending colon, aP < 0.05 vs IBS-D, bP < 0.001 vs IBS-D; C: Transverse colon. IBS-D: Diarrhea type IBS; IBS-C:
Constipation type IBS; FC: Functional constipation; IBS: Irritable bowel syndrome.
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[22-24]

of the descending colon in IBS-C and FC patients.
The diameter of the sigmoid colon in IBS-D patients
tended to be smaller than that of the descending colon
in IBS-C and FC patients. According to these data,
the rectosigmoid colon and transverse colon in IBS-D
patients are shorter than that in IBS-C patients and FC
patients and the sigmoid colon and descending colon
in IBS-D patients has a diameter smaller than that in
IBS-C patients and FC patients. The colon morphology
in IBS-D might be different from that in IBS-C and FC.
On the other hand, neither the length nor diameter of
the colon in IBS-C patients differs significantly from that
of the colon in FC patients. Therefore, it is supposed
that IBS-C and FC are both characterized by a longer
and thicker colon.
Many IBS patients have a lowered threshold to pain
[16]
or discomfort during the rectosigmoid distention .
IBS patients experience as painful, rectal sensations
that healthy people would regard as nonpainful: this
is thought to be part of their hypersensitivity to bodily
sensations. A lower tolerance of rectal distension would
be expected to be associated with numerous bodily
symptoms and more general psychological distress.
In our data, IBS-D patients had smaller diameter in
the sigmoid colon and descending colon and had a
shorter rectosigmoid colon, which might mean they
had a lower threshold for pain or discomfort occurring
with rectosigmoid distention. However, IBS-C patients
also have a lowered threshold for pain or discomfort
occurring during rectosigmoid distention, and in this
respect they are different from FC patients. The
threshold for pain or discomfort during rectosigmoid
distention in IBS-D patients might be lower than that
in IBS-C patients, but data needed for comparing
between IBS-D and IBS-C with regard to the threshold
for pain or discomfort during rectosigmoid distention
has not been reported yet.
[17]
The study by Heredia et al showed that elongation
of colon longitudinal muscle results in slow colonic
transit in mice and presents a new mechanism of
association of elongated colon and poor motility.
Colonic elongation was reported as a possible under
lying cause for slow colonic transit as observed with
experimental stretching of the colon. Their study
showed that elongation of the longitudinal muscle
triggers inhibition of the colonic migrating motor
complex (CMMC), resulting in slow colonic transit.
[18]
Heredia et al
also reported in animal study that
partial outlet obstruction caused an elongated impacted
large bowel, slowed transit and CMMC. In human,
slow colonic transit occurs in patients with chronic
constipation and is known as slow transit constipation
[19]
(STC) . Southwell reported that many patients with
STC have an elongated transverse colon and elongated
[20]
colon often occurs in patients with constipation . Yik
[21]
et al
reported that transverse colon elongation is
more common whereas sigmoid colon elongation is
not more common in anorectal retention and colonic
elongation may be the cause or the result of the
underlying slow transit.
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Mizukami et al
reported that abnormal colon
morphology is common in IBS patients, and it seems
to cause disorders related to defecation. Bowel
morphology might be a potentially influential factor
on GI symptoms. In our study, the GI morphology of
IBS-D is different from that in IBS-C. IBS-D and IBS-C
are classified as the same disease symptomatically
(abdominal pain with abnormal bowel movement),
but, pathophysiologic findings in IBS-D might be
different from that in IBS-C. The morphology difference
between IBS-D and IBS-C might be one of several
causes of IBS. On the other hand, it is also supposed
to have arisen from just the results affected by IBS
symptoms.
There were several limitations in this study. Two
are that it was a retrospective study and the sample
size was small. We need to accumulate more clinical
data in a prospective study, and a multicenter trial
is necessary. Also needs is a control group without
colonic polyps and abnormal bowel movements. In our
study, colonic morphology in IBS-D and IBS-C were
evaluated. The evaluation of colonic morphology not
only in IBS-D and IBS-C but also in IBS-M and IBS-U
is necessary. The threshold for pain or discomfort
during rectosigmoid distention will to be measured in
IBS-D patients and IBS-C patients in order to clarify
the difference of pathophysiology.
In conclusion, CT colonography might contribute
the clarification of subtypes of IBS according to the
different morphological findings.
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Abstract
AIM
To identify the frequency, clinicopathological risk
factors, and prognostic significance of lymphovascular
invasion (LVI) in endoscopically resected small rectal
neuroendocrine tumors (NETs).

Informed consent statement: Patients were not required to
give informed consent to the study because only pathologic
reevaluation and medical records were used in this retrospective
study.
Conflict-of-interest statement: The authors declare no conflict
of interest.

METHODS
Between June 2005 and December 2015, 104 cases
of endoscopically resected small (≤ 1 cm) rectal NET
specimens at Hallym University Sacred Heart Hospital
in Korea were retrospectively evaluated. We compared
the detected rate of LVI in small rectal NET specimens
by two methods: hematoxylin and eosin (H&E) and
ancillary immunohistochemical staining (D2-40 and
Elastica van Gieson); in addition, LVI detection rate

Data sharing statement: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
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difference between endoscopic procedures were
also evaluated. Patient characteristics, prognosis and
endoscopic resection results were reviewed by medical
charts.

wjgnet.com/1007-9327/full/v22/i42/9400.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9400

RESULTS
We observed LVI rates of 25.0% and 27.9% through
H&E and ancillary immunohistochemical staining.
The concordance rate between H&E and ancillary
studies was 81.7% for detection of LVI, which showed
statistically strong agreement between two methods (κ
= 0.531, P < 0.001). Two endoscopic methods were
studied, including endoscopic submucosal resection
with a ligation device and endoscopic submucosal
dissection, and no statistically significant difference in
the LVI detection rate was detected between the two
(26.3% and 26.8%, P = 0.955). LVI was associated
with large tumor size (> 5 mm, P = 0.007), tumor
grade 2 (P = 0.006). Among those factors, tumor grade
2 was the only independent predictive factor for the
presence of LVI (HR = 4.195, 95%CI: 1.321-12.692, P
= 0.015). No recurrence was observed over 28.8 mo
regardless of the presence of LVI.

INTRODUCTION
Rectal neuroendocrine tumors (NETs) arise from
enterochromaffin endocrine cells situated within
[1]
intestinal crypts of Lieberkühn , comprising 25% of
gastrointestinal NETs with a 5-year overall survival
[2,3]
of 88%
. Despite the comparatively favorable
prognosis, rectal NETs are rarely aggressive and distant
metastasis is of clinical concern for treating rectal
NETs. The clinical or histopathologic indicators for
metastasis have been demonstrated including tumor
size, muscularis propria invasion, lymphovascular
invasion (LVI), mitotic rate, and Ki-67 labeling index in
[4-11]
surgically resected specimens
. Currently, because
the majority of rectal NETs are small (66%-80% are
≤ 10 mm in diameter) and found incidentally during
[12-16]
screening colonoscopy
, endoscopic resection
techniques including endoscopic submucosal resection
with ligation (ESMR-L) and endoscopic submucosal
dissection (ESD) are applied to treat rectal NETs.
ESMR-L and ESD have shown better outcomes in
terms of complete resection of rectal NETs when
compared with conventional endoscopic mucosal
[17-21]
resection
. However, it is not known which proce
dure is more feasible for small rectal NETs or for
which clinicopathological factors different results will be
achieved. Rectal NETs ≤ 10 mm in diameter, confined
to the mucosal or submucosal layer, and without LVI
[10,18,22-29]
can be treated with endoscopic resection
.
Unexpectedly, lymph node metastasis occurs in 3%
[30]
of tumors with a diameter of ≤ 10 mm . Given
that LVI, as shown by the presence of tumor cells in
blood vessels and/or lymphatic channels, is a high risk
factor for distant or nodal metastasis and is a poor
prognostic factor, LVI should be histologically assessed
in specimens obtained by endoscopic resection.
Histologically, rectal NETs are composed of cells
with a mixed growth pattern with trabeculae or acini
of uniform cells separated by delicate and vascular
stroma, which allows for easy recognition. However,
marked tumor retraction from the surrounding fibrotic
stroma may incorrectly give the false impression
[1]
that LVI is present . Although this retraction artifact
should be accurately histologically distinguished from
true lymphatic or vascular invasion, identification
of true LVI is not always straightforward on routine
hematoxylin and eosin (H&E)-stained slides. Recently,
ancillary immunohistochemical staining [D2-40, CD34,
CD31, and Elastica van Gieson (EVG)] in addition to
H&E histologic examination has been used to evaluate
[31-33]
LVI in rectal NETs
. Through these methods, the
high frequency of LVI has been noted in endoscopically
[32,33]
resected small rectal NETs
. However, whether
the increased detection rate between H&E and

CONCLUSION
LVI may be present in a high percentage of small rectal
NETs, which may not be associated with short-term
prognosis.
Key words: Rectum; Neuroendocrine tumor; Lymphatic;
Immunohistochemistry; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The majority of rectal neuroendocrine tumors
(NETs) are small (66%-80% are ≤ 1 cm in diameter)
and endoscopic resection techniques have shown
successful outcomes. However, lymphovascular inva
sions, a well-established risk factor for lymph node
metastasis, are often found at endoscopically resected
specimens and there are no definite guidelines about
these cases. Therefore, we investigate the frequency
and prognostic significance of lymphovascular invasion
(LVI) in small endoscopically resected rectal NETs. We
found that LVI may be present in a high percentage of
small rectal NETs by two histologic methods; hematoxylin
and eosin staining and ancillary immunohistochemical
staining (D2-40 and Elastica van Gieson). On the
other hands, LVI was not associated with lymph node
metastasis or recurrence in small rectal NETs (≤ 1 cm)
during a 3 year-follow up period. Although our follow-up
period was short, but I'm confident in our studies will be
the cornerstone of future researches about significance
of LVI in small rectal NETs.
Kwon MJ, Kang HS, Soh JS, Lim H, Kim JH, Park CK, Park
HR, Nam ES. Lymphovascular invasion in more than one-quarter
of small rectal neuroendocrine tumors. World J Gastroenterol
2016; 22(42): 9400-9410 Available from: URL: http://www.
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ancillary studies is statistically significant has not been
determined.
In the present study, we used 2 methods, H&E
and ancillary immunohistochemical staining (D2-40
and EVG), to compare the detected rate of LVI in 104
endoscopically resected small rectal NET specimens
and to determine the clinical impact of LVI. In addition,
we evaluated differences in the LVI detection rate
between endoscopic procedures and prognosis of small
rectal NETs with LVI.

mucosal incision along outer border of the tumor;
submucosal dissection was performed below the tumor
with Dual Knife (Electrosurgical Knife ; Olympus).

Histological evaluation and immunohistochemistry

The 104 endoscopically resected cases were serially
sectioned and entirely embedded for histological
evaluation. H&E-stained slides from all cases were
reviewed by 2 pathologists (MJK and ESN) using a
multi-headed microscope. Histological evaluation
including tumor size, depth of invasion, lymphatic or
vascular invasion, resection margin status, mitotic
count, and tumor grade was re-performed using the
H&E-stained slides from the time of initial diagnosis.
The immunohistochemical (Ki-67, D2-40) and histo
chemical (EVG) staining and re-evaluation were
performed in this study. The pathological grading
system of the World Health Organization 2010 criteria
for tumors of the digestive system was used for
[34]
classification of rectal NETs . At least 500 tumor cells
were counted to determine the percentage of cells
that were positive for Ki-67. Mitotic rates on H&E stain
were counted in 50 high power fields (HPFs) (40 ×
objective, 10 × eyepiece with a field diameter of 0.55
2
mm and an area of 0.237 mm ; Olympus microscope
BX43, Tokyo, Japan), and the mean mitotic count
[35]
was calculated as the number of mitoses/10 HPFs .
The tumors were classified into G1 (a mitotic count
of less than 2 per 10 high-power fields and/or < 3%
Ki-67) and G2 (a mitotic count of 2-20 per 10 highpower fields and/or 3%-20% Ki-67) according to
the WHO 2010 classification and the North American
[36]
Neuroendocrine Tumor Society guidelines . The
resection margin was examined microscopically and
its status determined on the basis of the general
criteria for cancer involvement in a resection margin
(Figure 1I-M). The completeness of resection was
classified according to the extension of tumor cells into
the resection margin: (1) complete (R0) resection,
in which the lateral and vertical resection margins
were free of tumor; (2) microscopically incomplete
(R1) resection, in which the tumor extended into the
lateral or vertical resection margin; and (3) macro
scopically incomplete (R2) resection, in which the
tumor could not be completely resected according
to its endoscopic aspects. The distance between the
tumor deepest margin and the endoscopic vertical
resection margin was also measured and defined as
the “safety resection margin” (Figure 1I and J). The
involvement of tumor cells in the resection margin was
also confirmed by positive synaptophysin to rule out a
squeezing artifact of fibro-connective tissue.
D2-40-stained slides were assessed for lym
phatic invasion. A tumor in which a lymphatic vessel
showed positive staining of endothelium for D2-40
and surrounded the tumor cells was diagnosed as
[37]
positive for lymphatic invasion . Venous invasion
in H&E sections was defined as a tumor deposit in a
space surrounded by a rim of smooth muscle and/or

MATERIALS AND METHODS
Between June 2005 and December 2015, 138 patients
with 139 tumors were diagnosed with rectal NET at
Hallym University Sacred Heart Hospital in Anyang,
Korea. Endoscopic gross tumor size ≤ 10 mm and
absence of lymph node involvement or distant meta
stasis on the abdominal CT were the indications for
endoscopic resection. The study inclusion criteria for
small rectal NETs were as follows: (1) a tumor ≤ 10
mm, in diameter histologically; (2) a tumor within 15
cm of the anus; (3) no metastasis to lymph nodes
or distal organs detected on abdominal computed
tomography; and (4) a tumor resected in our institution
for the first time. Therefore, the following cases were
excluded from this analysis: 2 patients who underwent
radical surgical excision with lymph node dissection
owing to large tumor (3 cm and 5 cm), 4 who under
went transanal resection based on the decision of
the outpatient clinic surgeon regardless of size, 7
who underwent additional transanal resection after
incomplete endoscopic resection at other clinics, 12 who
did not undergo additional treatment after diagnosis,
4 who were treated at other clinics, 4 who could not
be evaluated for LVI owing to an insufficient specimen,
and 2 with endoscopically resected tumors exceeding 1
cm (1.2 cm and 1.7 cm). As a result, 103 patients with
104 rectal NETs were included in this study; the related
medical records were reviewed retrospectively. This
study was conducted with the approval of the ethics
committee of Hallym University Sacred Heart Hospital in
Anyang, Korea. The study was carried out in accordance
with the recommendations of the Declaration of Helsinki.

Methods of endoscopic resection

Three techniques were used with a single-channel
scope (GIF-H260, Olympus Medical Systems Corp.)
and an electrosurgical unit (ERBE VIO 300 D, ERBE
Elektromedizin GmbH) after lifting the tumor with
a submucosal injection of hypertonic saline solution
mixed with a small amount of indigo-carmine and
diluted epinephrine (1:10000). These included (1)
endoscopic mucosal resection (EMR: conventional
snare polypectomy); (2) ESMR-L, Figure 1A-D: Tumor
was aspirated into ligator device and followed by
deployment of the elastic band; Conventional snare
polypectomy done below the band; and (3) endo
scopic submucosal resection (ESD; Figure 1E-H): after
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Figure 1 Endoscopic submucosal resection with a ligation device. A: NET 2 cm from anal verge; B: Aspiration of the lesion into the ligator device and
deployment of the elastic band; C: Conventional snare resection below the band; D: En bloc specimen; E-H: ESD; E: NET 2 cm from the anal verge; F: Dissection
with Dual Knife; G: Resection base; H: En bloc specimen; I, J: Magnified scans of H&E slides show a well-demarcated submucosal tumor with clear vertical resection
margins following ESMR-L (I) and ESD (J); I-J: The vertical resection is negative (R0) and the “safety resection margin” (arrow) between the deepest margin of the
tumor and the endoscopic vertical resection margin is measured; K: The magnified scan of an H&E slide of ESD shows tumor involvement in the vertical resection
margin; L: The resection margin, indicated by the arrow, is involved with the neuroendocrine tumor (R1) (× 200); M: The involved tumor cells are confirmed as positive
for synaptophysin (× 200).

containing red blood corpuscles. Venous invasion in
the EVG-stained sections was defined as tumor cells
[38]
observed in a vein with EVG-stained elastic lamina .
Ancillary staining methods are shown in Figure 2.
Immunohistochemical staining was performed on
4-μm-thick formalin-fixed, paraffin-embedded tumor
tissue sections using the BenchMark XT automated
tissue staining system (Ventana Medical Systems,
Inc., Tucson, AZ, United States) according to the
manufacturer’s instructions, as described previously.
The primary antibodies used were D2-40 (1:100;
Dako, Glostrup, Denmark), Ki-67 (1:250, clone
MIB-1, Dako), CD31 (1:400, JC/70A, Thermofisher),
and synaptophysin (1:2, SP11, Ventana Medical
Systems). Each was used in a 40 min incubation at
37 ℃; slides were then incubated with a secondary
antibody (universal horseradish peroxidase (HRP)
Multimer; Ventana Medical System) for 8 min at 37 ℃.

WJG|www.wjgnet.com

The tissue sections were then incubated with a chro
mogendiaminobenzidine (ultraView Universal DAB
Kit, Ventana Medical System) and counterstained with
hematoxylin.
LVI was assessed using H&E, immunohistochemical,
and histochemical stained sections (D2-40 and
EVG) individually. The presence of tumor cells within
vascular spaces (i.e., lymphatics or small capillaries)
surrounding tumors was considered LVI. Furthermore,
LVI was divided into lymphatic invasion and vascular
invasion depending on the presence or absence of
vascular wall smooth muscle on H&E evaluation. The
number of the cases positive and negative for lymphatic
and vascular invasion, and LVI, was compared among
the different staining procedures.

Patient follow-up

The first follow-up was done 6 mo after endoscopic
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A
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C

D

E

F

Figure 2 Ancillary staining methods. A: Rectal neuroendocrine tumors show irregular but well-demarcated islands of uniform tumor cells separated by a fibrotic
stroma; B: Negative staining for D2-40 reveals retraction cleft from the surrounding fibrotic stroma; C: Lymphatic tumor invasion with thin, endothelial cell lining on
H&E is identified; D: The tumor emboli in D2-40-stained lymphatic vessels reveal the recognition of lymphatic invasion; E: Vascular invasion in H&E; F: Elastica van
Gieson stain reveals vascular invasion of tumor cells (arrow).

by Kappa statistics, more than 0.5 was considered a
strong association between the 2 sets. All statistical
analyses were carried out using SPSS (version 18;
SPSS Inc., Chicago, Illinois, United States).

resection with colonoscopy and abdominal CT. Subse
quently, endoscopy and abdominal CT were performed
yearly. The follow-up duration was defined as the time
from the day of endoscopic resection to the last outpatient visit day.

RESULTS

Data analysis and statistics

Clinicopathological characteristics

The Student’s t-test, chi-square test and Fisher’s exact
test were used to analyze LVI frequency, clinicopatho
logical factors associated with LVI, and LVI detection
rate differences between endoscopic procedures.
Multivariate analysis including significant predictors
from the univariate analysis was performed by multiple
logistic regression analysis and the overall response
with a 95%CI was determined. P values < 0.05 were
considered significant. Kaplan-Meier analysis was
used for evaluation of prognosis. For the kappa value

WJG|www.wjgnet.com

A total of 104 cases (66 men and 37 women) with a
median age of 47 years (range: 21-80 years) were
included in this study. Tumors located in the rectum
were an average of 8 cm away from the anal verge.
Six (5.8%) patients underwent EMR, 57 (54.8%)
underwent ESMR-L, and 41 (39.4%) underwent ESD.
The average tumor size was 5.4 ± 2.4 mm (range,
1.2-10 mm), with 62 tumors (59.6%) measuring ≤
5 mm and 42 tumors (40.4%) measuring 5-10 mm.
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invasion detectable by D2-40. Ancillary staining
including D2-40 allowed us to observe 7 lymphatic
invasions (8.5%, 7/82) that were not initially detected
using H&E. However, the increase of 6.8% compared
with H&E was not statistically significant (P = 0.189).
Vascular invasion was detected in 11 (10.6%)
of 104 NETs by H&E, whereas it was identified in
16 (15.4%) of 104 tumors by EVG. The detected
percentage increased from 10.6% by H&E up to
15.4% by EVG. However, the difference in detection
rates was not statistically significant between H&E and
EVG (P = 0.227).
As a whole, the presence of LVI was considered
positive in 26 (25.0%) of 104 tumors by H&E, and
29 (27.9%) of 104 tumors by ancillary studies. The
concordance rate between H&E and ancillary studies
was 81.7% for detection of LVI, which showed statistically
strong agreement between two methods (κ = 0.531, P <
0.001). D2-40 and EVG staining enhanced LVI detection
by 2.9% compared with H&E, however that difference
that was not statistically significant (P = 0.648). LVI
as assessed by H&E and immunohistochemical or
histochemical procedures (D2-40 and EVG) are shown
in Table 2 and Figure 3.
In 19 cases analysis for the presence of LVI using
H&E did not match ancillary studies. LVI detected
with H&E in 8 cases was not observed in ancillary
studies. In addition, 11 cases negative for LVI using
H&E were considered positive in ancillary studies.
Immunostaining with CD31 and CD34 were performed
on the discordant cases. Evaluation with CD31 indicated
LVI was absent in the 8 cases detected with H&E, and
present in the 11 cases that tested negative with H&E.
However, CD34 stained in the delicate fibrovascular
connective tissue of all 19 NET cases, of which nonspecific staining could not be interpreted as LVI positivity.

Table 1 Demographic and clinical features of patient with
rectal neuroendocrine tumors
Characteristic
Gender
Male
Female
Age (yr), median
< 60
≥ 60
Distance from anal verge,
mean ± SD (cm)
Type of endoscopic resection
EMR
ESMR_L
ESD
Tumor size, mean ± SD (mm)
≤5
> 5 and ≤ 10
Tumor depth
Mucosa
Submucosa
Resection margin status
R0
R1
Lateral (+) and deep (-)
Lateral (+) and deep (+)
Lateral (-) and deep (+)
Complications
Yes
No
Follow-up
Recurrence
Died

n = 104
67
37
47 (range, 21-80)
89
15
8.09 ± 3.26 (range, 3-20)

6
57
41
5.4 ± 2.4 (range, 1.2-10)
62
42
3
101
88
16
1
1
14
1
103
0
2

Three tumors (2.9%) were located at the mucosa and
the other 101 (97.1%) at the submucosa. Resection
margins were positive in 16 (15.4%) tumors. Procedurerelated complications occurred in 1 patient who under
went ESMR-L and experienced perforation of the bowel.
Regular follow-up evaluations were performed on
68 (65.4%) patients. No patient experienced local
or distant metastatic tumor recurrence after a mean
follow-up of 807 d.
Three patients underwent additional surgery owing
to the presence of LVI in our primary histologic reports
before this study; among them, 1 patient had lymph
node metastasis. This 21-year-old man’s histologic
evaluation showed a 5 mm tumor size, a Ki 67 index
< 3%, and < 2 mitoses 10 HPFs; however, the vertical
margin and lymphatic invasion were positive on the
ESD specimen. There were no tumor-related deaths; 2
patients died from other causes. Kaplan-Meier analysis
showed that the 5-year overall survival rate was 99%.
The patient characteristics are summarized in Table 1.

Predictive factors for LVI based on H&E or D2-40 and
EVG

Based on the comparative results between H&E
and D2-40 and EVG, the results of LVI assessed by
D2-40 and EVG showed statistical associations with
more numbers of clinicopathological variables of
NETs than H&E did. LVI assessed by D2-40 and EVG
was significantly associated with tumor size, tumor
grade, and mitotic count (P = 0.007, P = 0.006, and
P = 0.005, respectively). LVI-positive cases were
frequently detected in tumors that were > 5 mm,
grade 2, and had a mitotic count ≥ 2. In addition, the
mean Ki-67 labeling index and mean mitotic count
were higher in tumors with LVI (1.54 ± 1.13 and 0.82
± 0.88, respectively) than in tumors without LVI (1.03
± 0.97 and 0.32 ± 0.97, respectively) (P = 0.023 and
P = 0.001, respectively). There were no significant
differences in LVI between patient’s age (P = 0.847),
gender (P = 0.650), tumor distance from anal verge
(P = 0.412), or depth of tumor invasion (P = 0.558).
The predictive parameters of LVI based on H&E or

Comparisons of the detection frequencies of lymphatic
invasion, vascular invasion, and LVI between D2-40 and
EVG stains and H&E histological evaluation

Of the 104 specimens examined by H&E, 22 (21.2%)
of the tumors were considered to have lymphatic
invasion. Conversely, 15 (14.4%) tumors had lymphatic
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Only H&E

D2-40 and Elastic stain

25.0%
(26/104)

27.9%
(29/104)

Lymphovascular invasion (-)
Lymphovascular invasion (+)
McNemar test P = 0.648
Kappa value = 0.531

72.1%
(75/104)

75.0%
(78/104)

Figure 3 Comparison of pie charts of detected frequencies of lymphovascular invasion between only hematoxylin and eosin histology and acillary stains
of D2-40 or Elastica van Gieson stain. H&E: Hematoxylin and eosin.

Table 2 Predictive parameters of lymphovascular invasion between hematoxylin and eosin and D2-40 and Elastica van Gieson in
small rectal neuroendocrine tumors n (%)

Total
n = 104
D2-40 and EVG
LVI (+)
LVI (-)
Age (yr)
Sex
Male
Female
AV distance (cm)1
Tumor size
≤ 5 mm
> 5 mm
Tumor depth
Mucosa
Submucosa
Tumor grade
Grade 1
Grade 2
Ki 67%
Ki 67 index
< 3%
≥ 3%
Mitotic count
Mitosis/10HPF
<2
≥2

LVI (H&E only)
Present
Absent
n = 26 (25.0%)
n = 78 (75.0%)

P vaule

LVI (D2-40 and EVG)
Present
Absent
n = 29 (27.9%) n = 75 (72.1%)

P vaule

0.648
29 (27.9)
75 (72.1)
48.20 ± 10.93

18 (69.2)
8 (30.8)
50.27 ± 11.28

11 (14.1)
67 (85.9)
47.51 ± 10.80

67 (64.4)
37 (35.6)
8.09 ± 3.25

17 (65.4)
9 (34.6)
8.35 ± 2.72

50 (64.1)
28 (35.9)
8.01 ± 3.41

62 (59.6)
42 (40.4)

11 (42.3)
15 (57.7)

51 (65.4)
27 (34.6)

3 (2.9)
101 (97.1)

0 (0)
26 (100)

3 (3.8)
75 (96.2)

95 (91.3)
9 (8.7)

24 (92.3)
2 (7.7)
1.46 ± 1.01

71 (91.0)
7 (9.0)
1.08 ± 1.05

24 (92.3)
2 (7.7)
0.65 ± 0.84

74 (94.9)
4 (5.1)
0.39 ± 0.69

0.282
1.000

0.687
0.038

47.86 ± 11.16

48.33 ± 10.91

20 (69.0)
9 (31.0)
7.59 ± 2.87

47 (62.7)
28 (37.3)
8.25 ± 3.37

11 (37.9)
18 (62.1)

51 (68.0)
24 (32.0)

0 (0)
29 (100)

3 (4.0)
72 (96.0)

0.571

98 (94.2)
6 (5.8)

93 (89.4)
11 (10.6)

22 (84.6)
4 (15.4)

71 (91.0)
7 (9.0)

0.125
0.357

0.412
0.007

0.558

1.000

0.113
0.627

0.847
0.650

0.006
20 (69.0)
9 (31.0)
1.54 ± 1.13

68 (90.7)
7 (9.3)
1.03 ± 0.97

26 (89.7)
3 (10.3)
0.82 ± 0.88

72 (96.0)
3 (4.0)
0.32 ± 0.97

22 (75.9)
7 (24.1)

0.023
0.213

0.001
0.005

71 (94.7)
4 (5.3)

1

The tumor location is measured from anal verge. Bold values: P value < 0.05. HPF: High power field; LVI: Lymphovascular invasion; H&E: Hematoxylin
and eosin stain.

D2-40 and EVG are shown in Table 2. Unlike D2-40
and EVG, analysis of LVI by H&E was only associated
with tumor size (P = 0.038). The results of analysis of
LVI using H&E were not related to tumor grade (P =
1.000), Ki-67 labeling index (P = 0.627), and mitotic
count/10HPFs (P = 0.357).
Analysis of tumor size and grade for prediction of
LVI by multivariate analysis indicated that tumor grade
was the only independent predictive factor for LVI
in small rectal NET patients treated with endoscopic
resection (Table 3). Tumors classified as grade 2 were
more likely to have LVI than grade 1 tumors (P = 0.015,
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hazard ratio = 4.095, 95%CI: 1.321-12.692).

Correlations of LVI, tumor size, margin status, and
safety margin between ESMR-L and ESD

We further investigated the possible differences in
frequency of detectable LVI, tumor size, resection
outcome, and safety margin between ESMR-L and
ESD (Table 4). Successful complete resections (R0) by
ESMR-L and ESD were achieved in 50 of 57 tumors
(success rate, 87.7%) and 34 of 41 tumors (success
rate, 82.9%). However, there were no statistically
significant differences in the frequency of LVI, tumor
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[32,33]

resection
. Prevalence of LVI in rectal NETs is 0-20%
[17,19,24,25,32,39]
by H&E examination
. Immunohistochemical
analysis is not currently recommended for routine use to
identify LVI in NETs. However, for accurate and reliable
diagnosis of LVI, we applied additional staining using
D2-40 and EVG to confirm the presence of LVI after H&E
examination.
Staining of elastic tissue during microscopic assess
ment has been proposed as being a more sensitive
[38]
means of revealing venous invasion within the tumor .
D2-40 is the best selective immunohistochemical
[37]
marker for staining lymphatic endothelium . In the
present study, LVI was identified in 29 (27.9%) of 104
tumors by D2-40 and EVG, and 26 (25.0%) of 104
tumors by H&E. Although staining with D2-40 and EVG
raised the detection rate of LVI by 2.9%, the difference
was not statistically significant. Rather, H&E showed a
high concordance rate with ancillary studies (81.7%).
There have been only two studies of D2-40 and EVG
[32,33]
staining for identification of LVI
. Those studies also
reported a high frequency of LVI (46.7% and 22.4%)
[32,33]
in endoscopically resected small rectal NETs
. Taken
together with our study, the frequency of LVI appears to
be high in even small NETs. However, in those studies,
the detection rate for LVI using H&E staining alone was
much lower (1.1% and 10.2%) than the rate detected
[32,33]
with D2-40 and EVG staining
. The wide range
of frequencies reported may be due to difficulties
evaluating LVI H&E-stained sections due to retraction
artifacts in the tumor. We also had 19 results (18.3%)
in which the results of H&E and ancillary staining were
discordant. The absence of D2-40 and EVG in 8 (42.1%)
out of the 19 discordant cases was also confirmed
by the absence of CD31 staining, which indicated a
retraction artifact from the surrounding fibrotic stroma.
Although the immunohistochemical and/or special
staining used in our study was not demonstrated as a
statistically significant indicator for the identification of
LVI, the ancillary studies may be of help to differentiate
retraction artifacts. The high concordance rate in our
study between H&E and ancillary studies may be
because two pathologists carefully re-evaluated H&Estained slides from all cases and discussed the findings
of LVI using a multi-headed microscope. The previous
studies did not describe the number of pathologist
[32,33]
participating in slide review
.
The metastatic potential and aggressive behavior
of a rectal NET are generally proportional to tumor
[30]
size . A close relationship has been noted between
tumor size or LVI and risk of metastasis even in small
rectal NETs. LVI-positive tumors have significantly
larger tumor size (median 5 mm) than those without
[32]
LVI (median 4 mm) . The metastasis rate of early
stage rectal NETs (10 mm or less in size) was 9.7%
[2]
(58/595) . Three tumors (25%) out of 12 with lymph
[5]
node metastasis were less than 10 mm . In our study,
LVI was frequently detected in tumor size > 5 mm in
univariate analysis. However, the multivariate analysis
failed to demonstrate the correlation between tumor

Table 3 Multivariate analyses of clinicopathological factors
predictive of lymphovascular invasion in patients with rectal
neuroendocrine tumors
Lymphovascular invasion
Tumor size > 5 mm
Tumor grade Grade 2

HR
1.694
4.095

95% CI
0.639-4.491
1.321-12.692

P value
0.289
0.015

Bold values: P value < 0.05. HR: Hazard ratio; HPF: High power field.

Table 4 Outcomes of endoscopic resection procedures in
relation to tumor size, margin status, and lymphovascular
invasion n (%)

LVI
Absent
Present
Tumor size
≤ 5 mm
> 5 mm
Resection outcome
Complete (R0)
Incomplete (R1)
Safety resection
margin (μm)

ESMR-L

ESD

n = 57

n = 41

42 (58.3)
15 (58.2)

30 (41.7)
11 (42.3)

38 (66.7)
19 (33.3)

22 (53.7)
19 (46.3)

50 (87.7)
7 (12.3)
725 ± 872

34 (82.9)
7 (17.1)
322 ± 348

P vaule
0.955

0.192

0.504

0.002

Bold values: P value < 0.05. LVI: Lymphovascular invasion.

size, and resection outcome status between the 2
endoscopic resection methods (P = 0.955, P = 0.192,
and P = 0.504, respectively).
Conversely, the vertical safety margin was
significantly larger in ESMR-L than ESD (725 ± 872 μm
vs 322 ± 348 μm, respectively, P = 0.002). The more
successful safety margin was achieved in ESMR-L than
in ESD.

DISCUSSION
The purpose of the present study was to investigate
the frequency, risk factors and prognosis of LVI in
endoscopically resected small rectal NETs ≤ 1 cm in
size, and to compare the therapeutic outcome achieved
with ESMR-L and ESD. We have shown that LVI was
relatively common in small rectal NETs, with 27.9%
exhibiting LVI. Although ancillary studies increased
the detection rate of LVI, careful H&E examination
was still a reliable method showing high concordance
with D2-40 and EVG staining. LVI was associated
with large tumor size (> 5 mm), tumor grade 2, and
higher mitotic count (≥ 2). Among those factors, tumor
grade 2 was the only independent predictive factor for
the presence of LVI. No recurrence was observed in
patients with small rectal NETs ≤ 1 cm, regardless of
the presence of LVI.
Only a few studies have investigated the frequency,
risk factors, and prognostic significance of pathologically
proven LVI in rectal NETs ≤ 1 cm in size after endoscopic
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size and LVI.
LVI was also associated with tumor grade 2 and
increased mitotic count (≥ 2). Tumor grade 2 was the
only independent predictive factor for the presence
of LVI. The majority of small rectal NETs are NET
[8,25,32,33,39,40]
G1 (97.6%-100%)
. Few studies have
demonstrated a correlation between LVI and grade
2 in small rectal NETs, although NETs G1 and G2
exhibit significant differences in patient survival. The
present study included 16 NETs classified as G2 (15%).
Interestingly, a significant association between grade
2 and LVI was only found in the LVI results assessed
by D2-40 and EVG but not by H&E staining. Thus,
immunohistochemically confirmed LVI may more
precisely reflect on clinicopathological features of such
tumors.
Strategies for treating small rectal NETs ≤ 1 cm
in size with LVI remain controversial, and clear-cut
indications for local resection and additional surgery
have not been established. Patients with rectal NETs
without metastasis have a good prognosis if they
undergo endoscopic resection; the 3-year survival
[23]
rate is 100% . In the present study, an excellent
prognosis was found in the small rectal NETs. There
was no recurrence or metastasis in patients with LVI
during follow-up periods of 28.8 mo in our study.
Similarly, no metastasis or recurrence has been
reported in the small rectal NETs with LVI but without
additional surgery over the 5 years median follow[32,33]
up period
. Furthermore, recurrences have not
been observed following the removal of tumors 20
mm in size and positive for LVI, but not in any tumors
< 20 mm, even if they were positive for LVI during
[39]
a 10-year period . In contrast, a delayed localized
recurrence has been unexpectedly reported 23 years
after endoscopic resection of 4 mm sized rectal G1
[41]
NET , and the size of a lymph node metastasis has
[42]
remained unchanged during 7 years of follow-up ,
suggesting that the metastatic lymph node growth
rate may be extremely low in some cases. However,
there are no definite guidelines for regular follow-up of
[10,27]
LVI-positive small rectal NETs
. While small rectal
NETs seem to have a favorable short-term prognosis,
the long-term prognosis may be difficult to determine.
Complete resection of rectal NETs is difficult to
achieve with conventional endoscopic resection tech
niques because these tumors often extend into the
submucosa. We found that ESMR-L (725 ± 872 μm)
showed a larger safety resection margin than ESD (725
± 872 μm vs 322 ± 348 μm) despite similar rates of
complete resection between two methods (ESMR-L
87.7% and ESD 82.9%). It may be that ESMR-L
gets more submucosal tissue below NETs because
submucosal aspiration is done by negative pressure.
The short procedure time of ESMR-L may result in
a smaller coagulation effect in the submucosa than
[21]
ESD . We found that there was no statistical difference
in LVI detection rates between two endoscopic methods.
The subsequent surgical resection with lymph node
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dissection for small rectal NETs with LVI after endoscopic
resection has no worldwide accepted consensus.
This study showed excellent outcomes of endoscopic
resection with LVI. After endoscopic resection is
completely achieved through ESMR-L and ESD, close
[23]
follow-up should be pursued in cases with LVI .
The approximately 3-year follow-up period may be
a limitation of our study. Nevertheless, some significant
findings emerged from our results. The present study
demonstrated that LVI in small rectal NETs may be
high, and that this may not be associated with lymph
node metastasis or recurrence in small rectal NETs (≤
1 cm) during a 3 year-follow up period. Application of
ancillary studies may be help differentiate retraction
artifacts from true LVI, which may contribute to a close
association with clinicopathological characteristics of
rectal NETs.
Small rectal NETs have a favorable prognosis and
successful outcomes following endoscopic resection.
However, a low but real risk of metastasis remains, as
in our results, and there are several cases of recurrence
during long-term observation. Therefore, careful histo
logic examination for LVI and prospective studies
with long-term follow up are needed to determine the
natural course of small, endoscopically resected rectal
NETs.
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with conventional H&E staining. By these methods, they found that the
frequency of LVI was higher than the previously reported ratio. Although they
could not determine the relationship between LVI and clinical outcome, such as
survival and recurrence, this study provides very important insights for future
study.
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Abstract
AIM
To evaluate the usefulness of different parameters
to differentiate Crohn’s disease (CD) from primary
intestinal lymphoma (PIL).
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METHODS
The medical records of 85 patients with CD and 56
patients with PIL were reviewed retrospectively.
Demographic, clinical, laboratory, endoscopic, and
computed tomographic enterography (CTE) parameters
were collected. The univariate value of each parameter
was analyzed. A differentiation model was established
by pooling all the valuable parameters. Diagnostic
efficacy was analyzed, and a receiver operating
characteristic (ROC) curve was plotted.
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RESULTS
The demographic and clinical parameters that showed
significant values for differentiating CD from PIL
included age of onset, symptom duration, presence
of diarrhea, abdominal mass, and perianal lesions (P
< 0.05). Elevated lactate dehydrogenase and serum
β2-microglobulin levels suggested a PIL diagnosis (P
< 0.05). The endoscopic parameters that showed
significant values for differentiating CD from PIL included
multiple-site lesions, longitudinal ulcer, irregular ulcer,
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and intraluminal proliferative mass (P < 0.05). The CTE
parameters that were useful in the identification of the
two conditions included involvement of ≤ 3 segments,
circular thickening of the bowel wall, wall thickness
> 8 mm, aneurysmal dilation, stricture with proximal
dilation, “comb sign”, mass showing the “sandwich
sign”, and intussusceptions (P < 0.05). The sensitivity,
specificity, accuracy, positive predictive value, and
negative predictive value of the differentiation model
were 91.8%, 96.4%, 93.6%, 97.5%, and 88.5%,
respectively. The cutoff value was 0.5. The area under
the ROC curve was 0.989.

the clinical manifestations of CD and other GI diseases
in terms of symptoms, and endoscopic and radiological
findings overlap, making the diagnosis of CD an even
[3]
more complicated issue .
The estimated incidence of extranodal lymphomas
[4]
in the GI tract is approximately 5%-20% . On the
other hand, primary GI lymphomas only account for
[5]
1%-4% of all GI cancers . In the past decade, the
incidence of primary GI lymphomas has been increasing
[6]
worldwide . The so-called primary intestinal lymphoma
(PIL) includes about 30% of primary GI lymphomas
that occur in the small intestine, ileocecal region, and
colorectum. Derived from submucosal lymphoid tissue,
PILs were mostly classified as a subtype of non-Hodgkin’
s lymphoma. The clinical features of PIL lack specificity,
and definitive diagnosis often relies on histological
confirmation. However, in clinical practice, qualified
specimens are sometimes difficult to acquire through
endoscopy due to the small size and superficial nature
of PILs. Furthermore, for some lesions confined to the
deep small intestine, accurate localization and diagnosis
[7]
without surgery are challenging . Consequently, the
preoperative diagnostic rate of PIL is low (30.5% as
[8]
estimated) .
Therefore, it is important to establish a correct
differential diagnosis between CD and PIL. One concern
is that PIL has a malignant potential to some extent,
and a delayed diagnosis may lead to lethal outcomes.
However, these two conditions have overlapping
characteristics in terms of symptoms, and laboratory,
endoscopic, and radiological findings. An inconvenient
truth is that the risk of misdiagnosis could not be
[9,10]
neglected in some intricate cases
.
In the past decade, the advent of new technology
such as double-balloon enteroscopy (DBE) and CTE
provided an unprecedented opportunity for us to
have better knowledge and visualization of small
bowel lesions, and the bowel wall and extralumen.
DBE and CTE, when properly performed and accu
rately interpreted, are helpful in the diagnosis and
management of small bowel disease and act as a good
[11-13]
complement to other examinations
. Undoubtedly,
they would play an important role in the preoperative
differential diagnosis between CD and PIL.
In recent years, we have done much work in the
differential diagnosis between CD and PIL. In this
study, we retrospectively enrolled patients with CD and
PIL treated in our hospital and evaluated the diagnostic
values of clinical, laboratory, endoscopic, and CTE
parameters.

CONCLUSION
The differentiation model that integrated the various
parameters together may yield a high diagnostic
efficacy in the differential diagnosis between CD and
PIL.
Key words: Primary intestinal lymphoma; Crohn’s disease;
Differential diagnosis; Endoscopy; CT enterography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Crohn’s disease and primary intestinal lym
phoma (PIL) have overlapping clinical manifestations.
Misdiagnosis of PIL would lead to disastrous outcomes
in patients. Consequently, the differential diagnosis
between these two conditions has perplexed clinical
practitioners for decades. In this article, we evaluated
the usefulness of different parameters, including
clinical manifestations, laboratory tests, endoscopic
features, and computed tomographic enterographic
characteristics for differentiating these two conditions
and established an objective differentiation model that
would yield a high diagnostic efficacy in order to avoid
misdiagnosis of PIL. This is a first study which focuses
on the differential diagnosis of these two diseases.
Zhang TY, Lin Y, Fan R, Hu SR, Cheng MM, Zhang MC, Hong
LW, Zhou XL, Wang ZT, Zhong J. Potential model for differential
diagnosis between Crohn’s disease and primary intestinal
lymphoma. World J Gastroenterol 2016; 22(42): 9411-9418
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i42/9411.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory granu
lomatous disorder that can affect any segment of the
gastrointestinal (GI) tract, especially the terminal ileum
and ileocecal region. The incidence of CD in China is
[1]
increasing in recent years . However, the incidence of
noncaseating granuloma as a gold standard criterion
for the diagnosis of CD is quite low in terms of patho
[2]
logical findings, especially those from biopsy . Moreover,
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MATERIALS AND METHODS
Patients enrolled

A retrospective study of a single center was designed.
The medical records of inpatients with CD and PIL
treated from August 1, 2005, to March 31, 2016 in
Ruijin Hospital, Shanghai, China were reviewed. None of
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the cases was complicated with both CD and intestinal
lymphoma or intestinal lymphoma in preexisting CD.
Patients with CD were included in our final cohort if
they met the following criteria: (1) newly diagnosed
with CD with lower GI tract involvement; (2) aged >18
years; (3) with a definite diagnosis for at least 1 year;
(4) had a Montreal classification of L1, L2, or L3 (with
[14]
an involvement of the ileum, colon, or both) ; (5)
underwent endoscopy and CTE at least once during
hospitalization; and (6) had an exclusion of other
concomitant GI diseases. Diagnosis of PIL was based
[15]
on Dawson standards as follows : (1) no enlargement
of the peripheral or mediastinal lymph nodes; (2)
normal white blood cell count; (3) predominance of
alimentary tract lesions with only regional lymph node
involvement; and (4) no involvement of the liver and
spleen. Patients with PIL were included in our final
cohort if they met the following criteria: (1) newly
diagnosed as having PIL; (2) aged >18 years; (3) had
a definitive histological diagnosis through endoscopy or
surgery; (4) underwent endoscopy and CTE for at least
once during hospitalization; and (5) had an exclusion of
other concomitant GI diseases.

enlargement of the abdominal lymph nodes, enhanced
density of the peri-intestinal fat, mass showing the
“sandwich sign”, and intussusceptions.

Statistical analysis

SPSS 19.0 was used for the data analyses and
screening for potential valuable parameters for dif
ferential diagnosis between CD and PIL. Continuous
variables were expressed as mean ± SD, and a
comparison was performed by using the Student t test
if the data had a normal distribution. Median values
(upper and lower quartiles) were calculated, and
the Wilcoxon rank sum test was used to analyze the
data that did not have a normal distribution. Binary
categorical variables were expressed as frequency
and percentage values, while comparisons were
made using the Chi-square or Fisher’s exact test. A
probability (P) value of < 0.05 was considered to be
statistically significant. Then, continuous variables
were converted to binary categorical variables based
on the Youden index. All of the parameters with
significant differences in differentiating diagnosis were
graded, with CD1 and PIL-1. A differentiation model
was created by adding all of the scores of the valuable
parameters. The total score was calculated, and a
receiver operating characteristic (ROC) curve was
plotted. The cutoff value was obtained from the Youden
index. Sensitivity, specificity, accuracy, PPV, and NPV
were calculated to evaluate the diagnostic efficacy of
the model.

Clinical evaluation

All the data of the enrolled patients with CD and PIL
were reviewed. Parameters regarding demographic
information, clinical manifestations, laboratory data,
endoscopic feature, and CTE characteristics were
collected prior to treatment.
The demographic parameters included sex, age
of onset, height, and weight. Clinical manifestations
were symptom duration, abdominal pain, diarrhea,
abdominal distension, nausea, hematochezia, fever,
weight loss, abdominal mass, perianal lesions, history
of GI surgery, perforation, and extraintestinal manife
stations. The laboratory data documented were as
follows: hemoglobin (Hb) level, hematocrit (Hct) level,
platelet (Plt) count, albumin (Alb) level, elevated ery
throcyte sedimentation rate (ESR), elevated C-reactive
protein (CRP) level, elevated lactate dehydrogenase
(LDH) level, and elevated serum β2-microglobulin (β2MG) level.
DBE was performed if the lesion was confined to
the small intestine, while colonoscopy was performed
for patients with only colonic involvement. Endoscopic
features included multiple-site lesions, pseudo-polyp
formation, aphthoid ulcer, longitudinal ulcer, irregular
ulcer, intraluminal proliferative mass, bowel stricture,
and anorectal involvement.
All of our enrolled patients had undergone CTE
at least once and was evaluated by an experienced
radiologist independently. CTE characteristics mainly
included involvement of ≤ 3 segments, circular
thickness of the bowel wall, wall thickness of > 8 mm,
target sign, enhancement after a contrast-enhanced
scan, aneurysmal dilation, stricture with proximal
dilation, abscess, phlegmon, ascites, “comb sign”,
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RESULTS
Demographic, clinical, and laboratory features of the
patients with CD and those with PIL

The demographic, clinical, and laboratory features
of CD and PIL are listed in Table 1. No significant
difference was found with respect to the patients’
sex, height, and weight. The CD patients were
significantly younger than the PIL patients in terms of
age of onset (32.0 ± 9.9 years vs 52.8 ± 16.3 years,
P < 0.05). The CD patients had a longer symptom
duration before definite diagnosis than the PIL patients
[median time, 16 (11-19) mo vs 2 (1-6) mo, P <
0.05]. Based on the Youden index, age of onset of <
40 years was graded 1, while symptom duration of
< 12.5 mo was graded 1. For clinical manifestations,
the incidence of diarrhea and perianal lesions in CD
was significantly higher than that in PIL (P < 0.05). In
contrast, the incidence of an abdominal mass in PIL
was significantly higher than that in CD (P < 0.05). For
other clinical parameters, including abdominal pain,
abdominal distension, nausea, hematochezia, fever,
weight loss, history of GI surgery, perforation, and
extraintestinal manifestations, no significant difference
was found between these two conditions. As shown by
the laboratory data, the mean levels of hemoglobin,
hematocrit, platelet, and albumin had no significant
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Table 2 Endoscopic parameters of Crohn’s disease and
primary intestinal lymphoma patients n (%)

Table 1 Demographic, clinical and laboratory parameters
of Crohn’s disease and primary intestinal lymphoma
patients n (%)

Parameters
Parameters
Gender (male/
female)
Age of onset
Height (cm)
Weight (kg)
Symptom duration
(mo)
Abdominal pain
Diarrhea
Abdominal
distension
Nausea
Hematochezia
Fever
Weight loss
Abdominal mass
Perianal lesions
History of GI surgery
Perforation
Extraintestinal
manifestation
Hemoglobin(g/L)
Hematocrit
Platelet (1 × 109/L)
Albumin (g/L)
Elevated ESR
Elevated CRP
Elevated lactate
dehydrogenase
Elevated serum β2microglobulin

P value

Score

0.937

N/A

52.8 ± 16.3
164.6 ± 7.3
57.7 ± 10.2
2 (1-6)

< 0.001
0.189
0.346
< 0.001

1
N/A
N/A
-1

64 (75.3)
60 (70.6)
29 (34.1)

39 (69.6)
15 (26.8)
21 (37.5)

0.459
< 0.001
0.681

N/A
1
N/A

12 (14.1)
22 (25.9)
13 (15.3)
42 (49.4)
5 (5.9)
37 (43.5)
12 (14.1)
4 (4.7)
6 (7.1)

13 (23.2)
11 (19.6)
15 (26.8)
32 (57.1)
9 (16.1)
2 (3.6)
4 (7.1)
5 (8.9)
2 (3.6)

0.166
0.392
0.094
0.368
0.048
< 0.001
0.189
0.515
0.614

N/A
N/A
N/A
N/A
-1
1
N/A
N/A
N/A

106.9 ± 17.8
35.1 ± 3.9
263.7 ± 96.2
29.7 ± 6.1
53 (62.4)
59 (69.4)
2 (2.4)

109.7 ± 22.4
33.9 ± 5.7
261.2 ± 116.5
31.3 ± 7.0
28 (50.0)
31 (55.4)
8 (14.3)

0.408
0.127
0.890
0.151
0.147
0.089
0.018

N/A
N/A
N/A
N/A
N/A
N/A
-1

0 (0.0)

12 (21.4)

CD

PIL

n = 85

n = 56

48/37

32/24

32.0 ± 9.9
166.1 ± 6.6
59.3 ± 9.4
16 (11-19)

< 0.001

Multiple-site
lesions
Pseudo-polyp
formation
Aphthoid ulcer
Longitudinal ulcer
Irregular ulcer
Intraluminal
proliferative mass
Bowel stricture
Anorectal
involvement

Score

19 (33.9)

< 0.001

1

26 (30.6)

10 (17.9)

0.090

N/A

37 (43.5)
69 (81.2)
31 (36.5)
11 (12.9)

21 (37.5)
5 (8.9)
32 (57.1)
31 (55.4)

0.477
< 0.001
0.016
< 0.001

N/A
1
-1
-1

27 (31.8)
13 (15.3)

15 (26.8)
4 (7.1)

0.527
0.146

N/A
N/A

PIL

n = 56

73 (85.9)

CD: Crohn’s disease; PIL: Primary intestinal lymphoma.

Table 3 Computed tomography enterography parame
ters of Crohn’s disease and primary intestinal lymphoma
patients n (%)
Parameters
Involvement of ≤ 3
segments
Circular thickening
of bowel wall
Wall thickness of > 8
mm
Aneurysmal dilation
Target sign
Enhancement after
a contrast-enhanced
scan
Stricture with
proximal dilation
Abscess
Phlegmon
Ascites
“Comb sign”
Enlargement of the
abdominal lymph
nodes
Enhanced density of
the peri-intestinal fat
Mass showing the
“sandwich sign”
Intussusceptions

-1

CD: Crohn’s disease; PIL: Primary intestinal lymphoma.

differences between CD and PIL. Furthermore, the
levels of serum inflammatory markers such as ESR
and CRP tended to elevate in more CD patients than
PIL patients, but the differences were not significant.
LDH level was found to be elevated in the PIL patients
(8/56), much higher than that in the CD patients (2/85;
P < 0.05). Moreover, we found that 21.4% (12/56)
of the patients with PIL had an elevated β2-MG level,
while none of the CD patients had elevated serum β2MG levels.

P value

Score

45 (80.4)

< 0.001

-1

33 (38.8)

35 (62.5)

0.006

-1

21 (24.7)

45 (80.4)

< 0.001

-1

5 (5.9)
25 (29.4)
67 (78.8)

27 (48.2)
12 (21.4)
37 (66.1)

< 0.001
0.292
0.092

-1
N/A
N/A

19 (22.4)

4 (7.1)

7 (8.2)
8 (9.4)
5 (5.9)
61 (71.8)
42 (49.4)

2 (3.6)
2 (3.6)
7 (12.5)
18 (32.1)
36 (64.3)

0.449
0.324
0.174
< 0.001
0.082

N/A
N/A
N/A
1
N/A

30 (35.3)

26 (46.4)

0.186

N/A

2 (2.4)

9 (16.1)

< 0.001

-1

0 (0.0)

3 (5.4)

0.031

-1

CD

PIL

n = 85

n = 56

31 (36.5)

0.017

1

CD: Crohn’s disease; PIL: Primary intestinal lymphoma.

Endoscopic features of the patients with CD and those
with PIL

The endoscopic parameters of CD and PIL are sum
marized in Table 2. Lesions of CD tended to involve
multiple sites compared with those of PIL (P < 0.05).
The morphology of ulcers under endoscopy differed
between CD and PIL patients. Longitudinal ulcers
(Figure 1D) were more apparent in the CD patients
(P < 0.05), whereas irregular ulcers (Figure 2F) were
more common in the PIL patients (P < 0.05). We also
found that intraluminal proliferative mass (Figure 2E)
was more frequent in the PIL patients than in the

WJG|www.wjgnet.com

P value

CD

n = 85

CD patients (P < 0.05). Other parameters, including
pseudo-polyp formation (Figure 1E), aphthoid ulcer,
bowel stricture, and anorectal involvement (Figure 1F),
showed no significant differences between the two
diseases.

CTE features of the patients with CD and those with PIL

For the CTE parameters listed in Table 3, we found
that involvement of ≤ 3 segments, circular thickening
of the bowel wall (Figure 2D), wall thickness > 8 mm,
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A

B

C

D

E

F

Figure 1 Endoscopic and computed tomographic enterography features in Crohn’s disease. A: Coronary reconstructed CTE reflected stricture with proximal
dilation and comb sign in ileum in ileum; B: Phelgmon in distal ileum; C: Stretching and densifying of distal mesenteric artery so-called comb sign in ileum; D: DBE
found longitudinal ulcer in distal ileum; E: Colonoscopy detected Pseudo-polyps formation in ascending colon; F: Perianal involvement in CD.

A

B

D

C

E

F

Figure 2 Endoscopic and computed tomographic enterography features in primary intestinal lymphoma. A and B: Axial and coronary reconstructed
CTE sections showed mass of sandwich sign in mensentery area; C: Coronary reconstructed CTE reflected aneurysmal dilation in pelvic intestine; D: Coronary
reconstructed CTE displayed circular thickening of bowel wall without stricture in ileocecal region; E: DBE showed intraluminal proliferative mass in proximal ileum; F:
Colonoscopy revealed irregular ulcer in ileocecal region.
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Differential diagnosis between CD and PIL is challenging
because of the overlapping manifestations of the two
[18]
conditions . A correct and timely differential diagnosis
is of great importance for the contradictory medications
[19]
and sometimes lethal prognosis of PIL . In addition,
correct differential diagnosis through routine clinical
examinations without surgery should be a goal worth
pursuing by clinicians. To the best of our knowledge,
no diagnostic algorithm has been established between
CD and PIL that collated numerous parameters. In the
present study, we analyzed the differential diagnostic
values of demographic, clinical, endoscopic, and CTE
data of CD and PIL patients. Then, using valuable
parameters, we investigated a differentiation model for
a more objective and easier facilitation of differential
diagnosis between CD and PIL.
From among various demographic and clinical fac
tors, in this study we found that five factors, including
age of onset, symptom duration, diarrhea, abdominal
mass, and perianal lesions, were most helpful in the
differential diagnosis of CD and PIL. Among these
factors, age of onset of < 40 years, diarrhea, and
perianal lesions favored a diagnosis of CD, whereas
symptom duration of < 12.5 mo and abdominal mass
favored a diagnosis of PIL. For the other demographic
and clinical parameters, no significant differences were
found between the two groups, which further confirm
that CD and PIL exhibit overlapping manifestations and
symptoms. The results of our study were similar to
[20]
[21]
those of Zou et al and Wang et al .
Our study showed that CD and PIL patients dis
played no significant difference in routine laboratory
test results, including hemoglobin level, hematocrit
level, platelet count, albumin level, elevated ESR, and
elevated CRP level. On the contrary, elevated LDH and
serum β2-MG levels exhibited significant differences
between CD and PIL. These may be attributed to the
hematologic malignant nature of PIL. The two abovementioned laboratory parameters only require a
blood sample from the patient, thus highlighting their
convenience, replicability, minimal invasiveness, and
high specificity in the diagnosis of PIL. Thus, in the
process of differentiating CD from PIL, measurement
of serum LDH and β2-MG levels should be a routine
laboratory test.
Endoscopy is the first choice of clinical practitioners
for detecting bowel lesions and evaluating therapeutic
response. In this study, we found that CD tended
to have multiple-site involvement compared with
PIL. Moreover, the morphology of bowel ulcers
differs between CD and PIL patients. The ulcers of
CD patients were longitudinal and stretched across
several intestinal folds. In contrast, the morphology
of PIL ulcers was characterized by irregular ulcers.
In addition, we found that intraluminal proliferative
mass was more common in PIL than in CD, probably
because of its malignant nature.
CTE is an emerging noninvasive technology for
the diagnosis and evaluation of small bowel lesions. It

ROC curve
1.0

Sensituvity

0.8

0.6

0.4

0.2

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

  1.0

Figure 3 Receiver operating characteristic curve of differentiating model
between Crohn’s disease and primary intestinal lymphoma (area under
the ROC curve = 0.989). ROC: Receiver operating characteristic.

and aneurysmal dilation (Figure 2C) were significantly
more prevalent in the PIL patients than in the CD
patients (P < 0.05). Stricture with proximal dilation
(Figure 1A) in CD was more common compared with
that in PIL. In terms of parenteral manifestations, the
“comb sign” (stretching and densifying of the distal
mesenteric artery; Figure 1C) indicated a diagnosis of
CD (P < 0.05). On the other hand, mass showing the
“sandwich sign” (enhanced vessel and nonenhanced
fat inside the mesenteric mass; Figure 2A and B)
and intussusceptions were more frequently observed
in PIL than in CD (P < 0.05), suggesting that these
parameters were indicative of a PIL diagnosis. No
significant difference was found between these two
groups in terms of target sign, abscess enhancement
after a contrast-enhanced scan, phlegmon (Figure 1B),
ascites, enlargement of abdominal lymph nodes, and
enhanced density of peri-intestinal fat.

Total score of the differential parameters, diagnostic
efficacy of the differentiation model, and ROC curve in
the patients with CD and those with PIL

The total score was calculated by pooling all of the
valuable differential parameters together. A differen
tiating diagnostic model was established, with high
sensitivity (91.8%), specificity (96.4%), accuracy
(93.6%), PPV (97.5%), and NPV (88.5%). A ROC
curve was plotted (Figure 3). Based on the Youden
index, a diagnostic point of 0.5 was obtained (P > 0.5,
predictable diagnosis of CD; P < 0.5, diagnosis of PIL)
and the area under the ROC curve was 0.989.

DISCUSSION
The incidence of CD, which was formerly considered as
a Western disease, was estimated to have increased
by threefold during the past two decades in China,
[16,17]
making it a major health concern in the nation
.
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offers an unparalleled tool to detect bowel wall lesions
and extra-enteric complications, which is a necessary
complement to endoscopy. Our study illustrated that
inside the lumen, the presence of involvement of ≤
3 segments, circular thickening of the bowel wall,
wall thickness of > 8 mm, and aneurysmal dilation
indicated a probable diagnosis of PIL. These are the
characteristic imaging findings of PIL, which may
be attributed to the proliferation of lymphoma cells
without damage of normal intestinal wall cells. As a
result, in spite of diffuse thickening of the bowel wall,
the incidences of stricture and obstruction are relatively
low. On the other hand, proliferation of lymphoma
cells brings invasion to the nervous plexus of the bowel
wall, leading to a decreased muscular tension of the
[22]
bowel wall and aneurysmal dilation . Compared with
that in PIL, the chronic intestinal inflammation in CD
would end up with fibrosis. Consequently, stricture with
proximal dilation would occur. Regarding extra-enteric
manifestations, our study showed that the “comb sign”
was more likely found in the CD patients, while the
mass showing the sandwich sign and intussusceptions
was more likely found in the PIL patients. Our findings
further proved that PIL had characteristic features
on CTE which provides a new prospective that extra
luminal manifestations should not be neglected in
differentiating CD from PIL.
Although a series of differentiating parameters
had been proposed, none of them had high sensitivity
and specificity at the same time. For this reason,
differentiating between these two conditions through
a single parameter is difficult. Thus, we established
a diagnostic model that combines all of the valuable
parameters. Through later analysis, we proved that
the sensitivity, specificity, accuracy, PPV, and NPV of
our model were 91.8%, 96.4%, 93.6%, 97.5%, and
88.5%, respectively. Based on the Youden index, the
cutoff value was 0.5 and the area under the curve
was 0.989. These prove that our differentiation model
produced a high diagnostic efficacy. In addition, it
is easy for clinicians to apply in clinical practice. The
differentiation model could help avoid a misdiagnosis
between CD and PIL.
Positive positron emission tomography/computed
tomography (PET/CT) plays an important role in the
[23]
diagnosis and therapeutic evaluation of lymphomas .
However, we did not take PET/CT parameters into con
sideration in our differentiation model. Our concern
was that the CD patients were already at an increased
[24]
risk of malignancies . Besides, PET/CT is too
expensive. Thus, it is not suitable for all CD patients
to undergo PET/CT examination. We recommend
that only intricate cases with a grade of nearly 0.5 in
our differentiation model should proceed to PET/CT
examination. If a more accurate diagnosis can not be
made, surgery should be earnestly considered.
This study has some limitations. First, this study
is retrospective; thus, diseases other than CD and
PIL were not included in the analysis. Consequently,
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clinicians could use our model to avoid misdiagnosing
PIL as CD when they had excluded other diseases,
which may hamper its application. In the future, a
prospective study should be conducted to discriminate
bowel ulcers. Second, the number of patients enrolled
was limited, and our differentiation model should be
further proved. We are looking forward to conducting
a multicenter collaboration to enlarge the sample size
and modify or further prove our differentiation model.
In conclusion, CD and PIL have overlapping features,
which continuously perplex clinicians. However, some
valuable parameters can be used to differentiate
these two conditions, including clinical manifestations,
laboratory test results, endoscopic features, and CTE
characteristics. Our differential model integrated various
parameters to yield a high diagnostic efficacy, which
should be further proved.
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Crohn’s disease (CD) and primary intestinal lymphoma (PIL) have overlapping
clinical manifestations which sometimes make differential diagnosis difficult.
Misdiagnosis of PIL could cause disastrous outcomes in patients. For lesions
in the deep small intestine, qualified tissues for accurate diagnosis is difficult to
acquire without surgery.

Research frontiers

Some studies focused on the differential diagnosis of small bowel ulcers.
However, currently, none of these studies focused on the differential diagnosis
between CD and PIL without histology. Some valuable parameters have been
proposed, but no scoring system has been established for differential diagnosis.

Innovations and breakthroughs

In this study, the authors evaluated the usefulness of various parameters,
including clinical manifestations, laboratory test results, endoscopic features,
and computed tomographic enterographic characteristics, for differentiating CD
from PIL. A scoring system was established. These will help clinical practitioners
to avoid misdiagnosis of these two conditions.

Applications

This scoring system would provide a more objective and convenient tool for the
differential diagnosis between CD and PIL.

Peer-review

It is an interesting retrospective study on the clinical, laboratory, endoscopic,
and CTE features of CD and PIL. The authors defined some important
parameters that are important in the differential diagnosis of these two entities.

REFERENCES
1

2

9417

Ooi CJ, Makharia GK, Hilmi I, Gibson PR, Fock KM, Ahuja
V, Ling KL, Lim WC, Thia KT, Wei SC, Leung WK, Koh PK,
Gearry RB, Goh KL, Ouyang Q, Sollano J, Manatsathit S, de
Silva HJ, Rerknimitr R, Pisespongsa P, Abu Hassan MR, Sung J,
Hibi T, Boey CC, Moran N, Leong RW. Asia Pacific Consensus
Statements on Crohn’s disease. Part 1: Definition, diagnosis, and
epidemiology: (Asia Pacific Crohn’s Disease Consensus--Part 1).
J Gastroenterol Hepatol 2016; 31: 45-55 [PMID: 25819140 DOI:
10.1111/jgh.12956]
Mazor Y, Karban A, Nesher S, Weiss B, Leshinsky-Silver E,
Levine A, Eliakim R. Granulomas in Crohn’s disease: are newly
discovered genetic variants involved? J Crohns Colitis 2010; 4:
438-443 [PMID: 21122541 DOI: 10.1016/j.crohns.2010.02.006]

November 14, 2016|Volume 22|Issue 42|

Zhang TY et al . Crohn’s disease and primary intestinal lymphoma
3

4
5

6

7

8

9

10
11

12

13

14

Gecse KB, Bemelman W, Kamm MA, Stoker J, Khanna R, Ng
SC, Panés J, van Assche G, Liu Z, Hart A, Levesque BG, D’
Haens G. A global consensus on the classification, diagnosis and
multidisciplinary treatment of perianal fistulising Crohn’s disease.
Gut 2014; 63: 1381-1392 [PMID: 24951257 DOI: 10.1136/
gutjnl-2013-306709]
Freeman C, Berg JW, Cutler SJ. Occurrence and prognosis
of extranodal lymphomas. Cancer 1972; 29: 252-260 [PMID:
5007387 DOI: 10.1002/1097-0142(197201)29]
Gurney KA, Cartwright RA. Increasing incidence and descriptive
epidemiology of extranodal non-Hodgkin lymphoma in parts of
England and Wales. Hematol J 2002; 3: 95-104 [PMID: 12032871
DOI: 10.1038/sj.thj.6200154]
Müller AM, Ihorst G, Mertelsmann R, Engelhardt M. Epide
miology of non-Hodgkin’s lymphoma (NHL): trends, geographic
distribution, and etiology. Ann Hematol 2005; 84: 1-12 [PMID:
15480663 DOI: 10.1007/s00277-004-0939-7]
Arora N, Manipadam MT, Pulimood A, Ramakrishna BS, Chacko
A, Kurian SS, Nair S. Gastrointestinal lymphomas: pattern of
distribution and histological subtypes: 10 years experience in a
tertiary centre in South India. Indian J Pathol Microbiol 2011; 54:
712-719 [PMID: 22234096 DOI: 10.4103/0377-4929.91502]
Chen JH, Ho CL, Chen YC, Chao TY, Kao WY. Clinicopatho
logical analysis and prognostic factors of 11 patients with primary
non-Hodgkin lymphoma of the small intestine in a single institute.
Oncol Lett 2014; 8: 876-880 [PMID: 25013511]
McCullough JE, Kim CH, Banks PM. Mantle zone lymphoma of
the colon simulating diffuse inflammatory bowel disease. Role of
immunohistochemistry in establishing the diagnosis. Dig Dis Sci
1992; 37: 934-938 [PMID: 1587200 DOI: 10.1007/BF01300394]
Camera L, Della Noce M, Cirillo LC. [Primary ileo-cecal
lymphoma mimicking Crohn’s disease. Report of a case]. Radiol
Med 1997; 94: 122-124 [PMID: 9424641]
Sun B, Rajan E, Cheng S, Shen R, Zhang C, Zhang S, Wu Y,
Zhong J. Diagnostic yield and therapeutic impact of doubleballoon enteroscopy in a large cohort of patients with obscure
gastrointestinal bleeding. Am J Gastroenterol 2006; 101: 2011-2015
[PMID: 16848814 DOI: 10.1111/j.1572-0241.2006.00664.x]
Barlow JM, Goss BC, Hansel SL, Kolbe AB, Rackham JL,
Bruining DH, Fletcher JG. CT enterography: technical and
interpretive pitfalls. Abdom Imaging 2015; 40: 1081-1096 [PMID:
25652953 DOI: 10.1007/s00261-015-0364-5]
Baker ME, Hara AK, Platt JF, Maglinte DD, Fletcher JG. CT
enterography for Crohn’s disease: optimal technique and imaging
issues. Abdom Imaging 2015; 40: 938-952 [PMID: 25637126 DOI:
10.1007/s002610015-0357-4]
Spekhorst LM, Visschedijk MC, Alberts R, Festen EA, van
der Wouden EJ, Dijkstra G, Weersma RK. Performance of the
Montreal classification for inflammatory bowel diseases. World

15

16

17

18

19
20
21

22

23

24

J Gastroenterol 2014; 20: 15374-15381 [PMID: 25386087 DOI:
10.3748/wjg.v20.i41.15374]
Dawson IM, Cornes JS, Morson BC. Primary malignant lymphoid
tumours of the intestinal tract. Report of 37 cases with a study of
factors influencing prognosis. Br J Surg 1961; 49: 80-89 [PMID:
13884035 DOI: 10.1002/bjs.18004921319]
Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff
G, Benchimol EI, Panaccione R, Ghosh S, Barkema HW, Kaplan
GG. Increasing incidence and prevalence of the inflammatory bowel
diseases with time, based on systematic review. Gastroenterology
2012; 142: 46-54.e42; quiz e30 [PMID: 22001864 DOI: 10.1053/
j.gastro.2011.10.001]
Ng SC, Tang W, Ching JY, Wong M, Chow CM, Hui AJ, Wong
TC, Leung VK, Tsang SW, Yu HH, Li MF, Ng KK, Kamm
MA, Studd C, Bell S, Leong R, de Silva HJ, Kasturiratne A,
Mufeena MN, Ling KL, Ooi CJ, Tan PS, Ong D, Goh KL, Hilmi
I, Pisespongsa P, Manatsathit S, Rerknimitr R, Aniwan S, Wang
YF, Ouyang Q, Zeng Z, Zhu Z, Chen MH, Hu PJ, Wu K, Wang X,
Simadibrata M, Abdullah M, Wu JC, Sung JJ, Chan FK. Incidence
and phenotype of inflammatory bowel disease based on results
from the Asia-pacific Crohn’s and colitis epidemiology study.
Gastroenterology 2013; 145: 158-165.e2 [PMID: 23583432 DOI:
10.1053/j.gastro.2013.04.007]
Liu YY, Chen MK, Cao Z, Liu SZ, Ding BJ. Differential diagnosis
of intestinal tuberculosis from Crohn’s disease and primary
intestinal lymphoma in China. Saudi J Gastroenterol 2014; 20:
241-247 [PMID: 25038210 DOI: 10.4103/1319-3767.136979]
Peng JC, Zhong L, Ran ZH. Primary lymphomas in the
gastrointestinal tract. J Dig Dis 2015; 16: 169-176 [PMID:
25678011 DOI: 10.1111/1751-2980.12234]
Zou N, Lv H, Qian JM. The clinical differences and similarities
between Crohn’s disease and primary intestinal lymphoma. Chin J
Dig 2006; 26: 364-367 [DOI: 10.3760/j.issn: 0254-1432.2006.06.002]
Wang CD, Zheng MY. Analysis of Clinical features between
Crohn’s disease and primary intestinal lymphoma. Chin J Dig
2011; 31: 406-408 [DOI: 10.3760/cma.j.issn.0254-1432.2011.06.0
12]
Ghai S, Pattison J, Ghai S, O’Malley ME, Khalili K, Stephens M.
Primary gastrointestinal lymphoma: spectrum of imaging findings
with pathologic correlation. Radiographics 2007; 27: 1371-1388
[PMID: 17848697 DOI: 10.1148/rg.275065151]
Tari A, Asaoku H, Kunihiro M, Tanaka S, Yoshino T. Usefulness
of positron emission tomography in primary intestinal follicular
lymphoma. World J Gastroenterol 2013; 19: 1992-1996 [PMID:
23569346 DOI: 10.3748/wjg.v19.i12.1992]
Benjelloun el B, Abkari M, Ousadden A, Ait Taleb K. Squamous
cell carcinoma associated anal fistulas in Crohn’s disease unique
case report with literature review. J Crohns Colitis 2013; 7:
e232-e235 [PMID: 23069004 DOI: 10.1016/j.crohns.2012.09.015]
P- Reviewer: Konturek PC, Meshikhes AN S- Editor: Qi Y
L- Editor: Ma JY E- Editor: Wang CH

WJG|www.wjgnet.com

9418

November 14, 2016|Volume 22|Issue 42|

World J Gastroenterol 2016 November 14; 22(42): 9419-9426
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i42.9419

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Full-thickness myotomy is associated with higher rate of
postoperative gastroesophageal reflux disease
Xue-Hong Wang, Yu-Yong Tan, Hong-Yi Zhu, Chen-Jie Li, De-Liang Liu
Received: June 22, 2016
Peer-review started: June 22, 2016
First decision: August 29, 2016
Revised: September 12, 2016
Accepted: October 10, 2016
Article in press: October 10, 2016
Published online: November 14, 2016

Xue-Hong Wang, Yu-Yong Tan, Hong-Yi Zhu, Chen-Jie
Li, De-Liang Liu, Department of Gastroenterology, the Second
Xiangya Hospital of Central South University, Changsha 410011,
Hunan Province, China
Author contributions: Wang XH and Liu DL designed the
study; Tan YY, Zhu HY and Li CJ acquired the clinical data;
Wang XH and Liu DL analyzed the data; Wang XH, Tan YY and
Liu DL wrote and revised the paper.
Supported by the Development and Reform Commission of
Hunan Province, China, No. XFGTZ2014713.

Abstract

Institutional review board statement: The study was approved
by the Ethics Committee of the Second Xiangya Hospital of
Central South University, Changsha, China.

AIM
To compare long-term occurrence of gastroesophageal
reflux disease (GERD) between two different types of
peroral endoscopic myotomy (POEM) for achalasia.

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

METHODS
We included all patients with achalasia who underwent
POEM at our hospital from August 2011 to October
2012 and had complete GERD evaluation with ≥ 3
years of follow-up. They were divided into circular or
full-thickness myotomy groups according to the depth
of myotomy. Demographics, Eckardt score, manometry
results, 24-h pH monitoring, and GERD symptoms were
recorded and compared between the two groups.
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RESULTS
We studied 56 patients (32 circular myotomy and 24 fullthickness myotomy) with complete GERD evaluation.
There was no significant difference between the two
groups in terms of treatment success (defined as
Eckardt score ≤ 3), postoperative Eckardt score, mean
basal lower esophageal sphincter pressure, and 4-s
integrated relaxation pressure (4sIRP). Postoperative
abnormal esophageal acid exposure was found in 25
patients (44.6%). A total of 13 patients (23.2%) had
GERD symptoms and 12 had esophagitis (21.4%).
Clinically relevant GERD (abnormal esophageal acid
exposure associated with GERD symptoms and/or
esophagitis) was diagnosed in 13 patients (23.2%).
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esophageal emptying and reduce operating time, while
[11,12]
not increasing the rate of GERD
. However, these
studies had only short-term follow-up, and whether
full-thickness myotomy increases the rate of GERD in
the long term is still unknown.
The aims of the present study were to compare the
long-term occurrence of GERD in achalasia patients
treated with circular or full-thickness myotomy during
POEM, and to identify the predictive factors of posto
perative GERD.

Multivariate analysis revealed that full-thickness
myotomy and low level of postoperative 4sIRP were
predictive factors for clinically relevant GERD.
CONCLUSION
Efficacy and manometry are comparable between
achalasia patients treated with circular or full-thickness
myotomy. But patients with full-thickness myotomy and
low postoperative 4sIRP have more GERD.
Key words: Achalasia; Gastroesophageal reflux disease;
Peroral endoscopic myotomy; Circular myotomy; Fullthickness myotomy

MATERIALS AND METHODS
Patients

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

This was a single-center retrospective study conducted
in China. The study was approved by the Ethics Commi
ttee of the Second Xiangya Hospital of Central South
University, Changsha, China, and all the participants
gave signed informed consent. One hundred and
ten patients with achalasia underwent POEM at our
hospital between August 2011 and October 2012. In
the beginning, simple circular myotomy was performed
for all patients with achalasia and there were 32
patients included, but we found that some patients
did not receive satisfactory outcome. So, we began to
perform full-thickness myotomy beginning in March
2012, and there were 24 patients enrolled in total.
Each patient was called back for an assessment of
GERD at least 3 years after POEM. Only patients who
underwent a complete assessment of GERD, including
[13]
symptom evaluation (including Eckardt score and
[14]
GerdQ score ), esophagogastroduodenoscopy (EGD),
high-resolution manometry (HRM) and esophageal pH
monitoring were included in the study. The patients’
demographics and clinical history, perioperative data,
myotomy type, and follow-up data were retrospectively
collected and recorded.

Core tip: Gastroesophageal reflux disease (GERD) is a
major concern following peroral endoscopic myotomy
for achalasia. Although short-term follow-up did not
show an increased rate of GERD in patients who
received full-thickness myotomy compared with circular
myotomy, the long-term difference is still unknown. We
found that full-thickness myotomy is associated with a
higher rate of clinically relevant GERD.
Wang XH, Tan YY, Zhu HY, Li CJ, Liu DL. Full-thickness
myotomy is associated with higher rate of postoperative
gastroesophageal reflux disease. World J Gastroenterol 2016;
22(42): 9419-9426 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9419.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9419

INTRODUCTION
Achalasia is a rare primary esophageal dysmotility
disorder characterized by failed relaxation of the lower
esophageal sphincter (LES) and absence of peristalsis
[1]
of the distal esophagus . All therapeutic options focus
on reducing the pressure gradient across the LES,
which can result in potential gastroesophageal reflux
disease (GERD). Therefore, an antireflux procedure is
usually added to surgical myotomy, and it has been
proven useful in reducing the rate of postoperative
[2,3]
GERD . Peroral endoscopic myotomy (POEM) is an
endoscopic, minimally invasive treatment for achalasia
in which myotomy is performed within a submucosal
tunnel approached from the esophageal lumen, and
this procedure can relieve symptoms and improve
[4,5]
quality of life . In contrast to Heller myotomy, no
antireflux procedure is included in POEM, and the
reported rates of postoperative reflux have varied
[6-9]
widely, from 0% to 53% . To reduce GERD, circular
myotomy without disturbing the longitudinal muscle is
[6,9,10]
usually recommended by most researchers
. Some
researchers have performed full-thickness myotomy,
and several clinical studies have demonstrated that
full-thickness myotomy can accelerate recovery of

WJG|www.wjgnet.com

POEM

POEM was performed as previously described under
general anesthesia via intratracheal intubation,
[13]
with the patient in the left lateral position : (1) a
submucosal injection into the posterior esophageal
wall (5 o’clock position) was administered at 8-10
cm above the esophagogastric junction (EGJ); (2) a
2-3-cm longitudinal mucosal incision was made to
create a tunnel entry; (3) a submucosal tunnel was
created, passing over the EGJ, and approximately
3 cm into the proximal stomach; (4) myotomy was
started from 2 to 3 cm below the tunnel entry. Some
patients received circular myotomy alone and others
received full-thickness myotomy at approximately 3
cm above or below the EGJ; and (5) several metal
clips were applied to close the mucosal entry. Figures
1 and 2 describe the procedure of circular and fullthickness myotomy. Patients were maintained as nil by
mouth for 24 h with a liquid diet for 3 d, and returned
gradually to a normal diet within 2 wk. Intravenous
proton pump inhibitor (PPI) was used for 3 d.
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Figure 1 Case illustration of peroral endoscopic circular myotomy. A: Endoscopy showing dilated esophagus; B: Longitudinal mucosal incision was made to
create a tunnel entry; C: Submucosal tunnel; D: Endoscopic image of the circular muscle; E. Circular myotomy; F: Tunnel entry was closed with several clips.

A

B

C

D

E

F

Figure 2 Case illustration of peroral endoscopic full-thickness myotomy. A: Endoscopy showing dilated esophagus; B: Longitudinal mucosal incision was made
to create a tunnel entry; C: Submucosal tunnel; D: Circular myotomy was initially performed; E: Full-thickness myotomy was performed; F: Tunnel entry was closed
with several clips.
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Continuous variables were presented as mean ±
standard deviation and analyzed using Student’s
t-test. Qualitative data were presented as frequencies
2
and calculated using the χ test or Fisher’s exact test.
Univariate and multivariate analyses were used to
identify predictive factors associated with clinically
relevant GERD. Variables analyzed included preoperative
data [sex, age, disease course, previous treatment,
esophageal shape (sigmoid vs non-sigmoid), Eckardt
score, LESP, 4sIRP, and achalasia type according to the
Chicago Classification), perioperative data (myotomy
depth), and postoperative factors LESP, 4sIRP, Eckardt
score]. A two-tailed P value < 0.05 was considered as
statistically significant in all cases.

110 patients underwent POEM
(August 2011-October 2012)

23 patients refused to undergo
24-h pH-monitoring

10 patients lost
to follow-up

21 patients refused to undergo
esophageal manometry

56 patients completed
Gerd evaluation

Figure 3 Patient selection and enrollment. POEM: Peroral endoscopic
myotomy; GERD: Gastroesophageal reflux disease.

RESULTS

HRM

Efficacy of POEM

HRM was done using a solid-state manometric assembly
with 36 pressure sensors spaced at 1-cm intervals
(Manoscan ESO; Given Imaging, Yoqneam, Israel).
The HRM assembly was placed transnasally and the
manometric catheter was positioned to record from the
hypopharynx to the stomach with approximately five
intragastric sensors. The manometric protocol included
a 5-min period to assess basal LES pressure (LESP),
10 water swallows of 5 mL each, and one water
swallow each of 1 mL (dry), 10 mL and 20 mL. Basal
LESP and average 4-s integrated relaxation pressure
(4sIRP) were recorded.

Fifty-four of the original 110 cases were not included
in the present study. We enrolled 56 patients (mean
age: 42 years, range: 14-71 years; female/male:
30/26) with completed assessment of GERD (Figure
3). Thirty-two patients received circular myotomy
and 24 received full-thickness myotomy. All of the
patients underwent POEM, and treatment success
(defined as Eckardt score ≤ 3) was achieved in all
56 patients during a mean follow-up of 39.3 mo.
Mean Eckardt score decreased significantly from
6.5 ± 1.4 (baseline value) to 0.4 ± 0.7 (P < 0.001).
Postoperative mean basal LESP and 4sIRP were
significantly lower compared to the preoperative
values (39.0 ± 6.6 and 28.6 ± 5.1 mmHg vs 14.4 ± 3.4
and 10.5 ± 2.6 mmHg, respectively, P < 0.01). There
was no significant difference between circular and fullthickness myotomy in terms of treatment success,
pre- and postoperative esophageal manometry and
Eckardt score (Table 1).

Esophageal pH monitoring

Twenty-four-hour esophageal pH monitoring (Digitrapper
pH-Z Monitoring; Given Imaging) was carried out before
EGD. The pH-monitoring catheter with two sensors
was introduced transnasally into the esophagus. One of
the two sensors was pushed through the EGJ into the
stomach; the other sensor was kept approximately 5
cm proximal to the EGJ. Data were recorded for 24 h.
Measurements were always carried out after cessation
of acid-suppressive medication for at least 7 d. In the
analysis of pH signals, episodes with pH < 4 caused by
stasis-associated acidification of esophageal contents
were discarded.

Clinically relevant GERD after POEM

Primary outcome was clinically relevant GERD defined
as abnormal esophageal acid exposure associated with
[15]
GERD symptoms and/or esophagitis . Secondary
outcomes were Eckardt score and manometry results.
Abnormal esophageal acid exposure was defined
by percentage total reflux time (%TRT; esophageal
pH < 4) > 5%. GerdQ score was used to assess for
symptoms suggestive of GERD, and a total GerdQ
score > 7 was considered indicative of significant
[14]
GERD symptoms . Reflux esophagitis was classified
[16]
according to the Los Angeles Classification .

Postoperative abnormal esophageal acid exposure was
attested in 25 patients (44.6%). A total of 13 patients
(23.2%) had GERD symptoms and 12 had esophagitis
(21.4%). Overall, clinically relevant GERD (abnormal
esophageal acid exposure, associated with GERD
symptoms and/or esophagitis) was diagnosed in 13
patients (23.2%). Among the 12 cases of esophagitis,
five were Los Angeles Grade A and seven were Grade
B (Figure 4). Patients with GERD symptoms had
complete clinical remission under standard PPI therapy
(i.e., pantoprazole 40 mg q.d. or lansoprazole 30 mg
q.d.). In cases of esophagitis, double-dose PPI (i.e.,
esomeprazole 40 mg b.i.d. or lansoprazole 30 mg b.i.d.)
was prescribed for 6 wk. A follow-up EGD was carried
out 6 wk after diagnosis and PPI therapy. Esophagitis
healed completely in all patients, and no cases of
Barrett’s esophagus were diagnosed.

Statistical analysis

Predictive factors for clinically relevant GERD

Study outcome

Univariate analysis revealed that full-thickness myotomy,

SPSS version 21.0 was used for data analysis.

WJG|www.wjgnet.com

9422

November 14, 2016|Volume 22|Issue 42|

Wang XH et al . Circular and full-thickness myotomy in GERD

A

B

Figure 4 Endoscopic images of esophagitis after peroral endoscopic myotomy. A: Los Angeles Grade A esophagitis; B: Los Angeles Grade B esophagitis.

Table 1 Comparison of characteristics between the two groups

Sex, M/F
Age (yr)
Disease course (yr)
Esophagus type, S/non-S
Previous therapy, Yes/No
Achalasia type, Ⅰ/Ⅱ/Ⅲ
PreEckardt score
POEM
LESP, mmHg
4sIRP, mmHg
Follow-up, mo
PostEckardt score
POEM
LESP (mmHg)
4sIRP (mmHg)
GERD symptoms
pH test +
Esophagitis (%)
Clinically relevant GERD

Circular myotomy (n = 32)

Full-thickness myotomy (n = 24)

P value

13/19
41.5 ± 10.8
5.3 ± 7.0
1/31
6/26
5/24/3
6.4 ± 1.3
39.5 ± 7.1
28.4 ± 5.0
39.8 ± 4.2
0.47 ± 0.67
14.6 ± 3.7
10.6 ± 2.8
15.6% (5/32)
40.6% (13/32)
15.6% (5/32)
12.5% (4/32)

11/13
44.5 ± 14.5
6.6 ± 8.4
3/21
5/19
4/18/2
6.5 ± 1.6
38.3 ± 6.0
28.7 ± 5.3
38.6 ± 1.8
0.38 ± 0.65
14.0 ± 3.0
10.2 ± 2.2
33.3% (8/24)
50% (12/24)
29.2% (7/24)
37.5% (9/24)

0.315
0.375
0.535
0.303
0.846
0.987
0.784
0.502
0.849
0.201
0.602
0.500
0.545
0.12
0.485
0.222
0.028

S/non-S: Sigmoid-type/non-sigmoid-type; GERD: Gastroesophageal reflux disease; pH test +: Abnormal esophageal acid exposure.

lower postoperative LESP and 4sIRP were predictive
factors for clinically relevant GERD. Multivariate
analysis further indicated that full-thickness myotomy
and lower postoperative 4sIRP were predictive factors
for clinically relevant GERD (Table 2). Patients who
underwent full-thickness myotomy had a higher rate
of clinically relevant GERD (circular vs full-thickness
myotomy, 4/32 vs 9/24, P < 0.05). Patients who had
clinically relevant GERD had a lower level of post-POEM
4sIRP than those without clinically relevant GERD (8.6
± 1.6 mmHg vs 11.0 ± 2.7 mmHg, P < 0.05).

with long-term follow-up.
Each treatment of achalasia aims at reducing
basal and swallow-induced pressure of LES to relieve
symptoms, facilitate esophageal emptying and prevent
[1]
development of mega-esophagus . However, iatrogenic
GERD caused by decreased LESP is a common concern
after endoscopic or surgical treatment of achalasia.
GERD can cause symptoms such as heartburn and
reflux, which impair quality of life of affected patients
and increase their economic burden. Some GERD
patients may develop esophagitis with the possible,
even if rare, evolution of peptic stricture, Barrett’s
[17,18]
esophagus and even esophageal adenocarcinoma
.
Thus, preventing postoperative GERD is important for
patients who receive endoscopic or surgical treatment of
achalasia. In Heller myotomy, which is still the standard
method for treating achalasia, it is accepted that partial
fundoplication is mandatory and effective for reducing
[2,3]
the incidence of postoperative GERD . POEM is an
endoscopic treatment for achalasia in which myotomy
is performed within a submucosal tunnel approached
from the esophageal lumen, and because it includes no

DISCUSSION
We demonstrated that the treatment efficacy and
manometry outcomes were comparable between
circular and full-thickness myotomy during a minimum
follow-up of 3 years. However, patients with fullthickness myotomy may have a higher rate of clinically
relevant GERD. To the best of our knowledge, this is
the first study to compare efficacy and postoperative
GERD between circular and full-thickness myotomy
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GERD remains unclear.
In the present study, 32 patients received circular
myotomy and 24 received full-thickness myotomy with
a minimum follow-up of 3 years. We demonstrated
that the treatment efficacy and manometry outcomes
were comparable between the two groups, but
patients with full-thickness myotomy had a higher rate
of clinically relevant GERD. This result is not in favor of
full-thickness myotomy, but a randomized prospective
study with long-term follow-up is warranted to confirm
our conclusion and to analyze cost-effectiveness.
[15]
Familiari et al found that patients with heartburn
had a lower postoperative 4sIRP compared to patients
without symptoms (7.6 ± 3.8 mmHg vs 10.01 ±
4.4 mmHg, P < 0.05). We had consistent results in
our study: low postoperative 4sIRP was a predictive
factor of clinically relevant GERD after POEM, and the
level of 4sIRP was lower in patients with than without
clinically relevant GERD. Average 4sIRP > 15 mmHg
is considered indicative of impaired LES relaxation and
characteristic of achalasia, and 4sIRP < 15 mmHg is
regarded as indicative of treatment success. However,
both Familiari’s and our studies suggested that
postoperative 4sIRP was not “the lower, the better”.
Further studies may evaluate the appropriate level of
postoperative 4sIRP to balance the treatment efficacy
and risk of postoperative GERD.
The present study had several limitations. First,
this was a retrospective study, and only some of
our patients who underwent complete assessment
of GERD were included. Some of the patients were
lost to follow-up or refused to undergo pH testing or
HRM. This bias affected the chances of calculating
the real prevalence of GERD after POEM, as those
who had symptoms were more likely to undergo the
assessment. Second, GERD evaluation was done only
for those with a minimum follow-up of 3 years, thus
we do not know how postoperative GERD changes
with time. GERD is regarded as a late complication
[7]
after POEM, and its incidence increases with time .
Thus, GERD evaluation should also be carried out at
5 years, 10 years or even longer after POEM. Third,
depth of myotomy was the only perioperative data that
we measured. Other data such as myotomy length
(all patients underwent a standard myotomy length)
and orientation of myotomy (all patients underwent
posterior myotomy) were not included in the study.
As a consequence, it is not possible to define whether
these parameters are associated with postoperative
GERD.
In conclusion, our study shows that the treatment
efficacy and manometry outcomes were comparable
between the circular and full-thickness myotomy
groups. However, patients with full-thickness myotomy
and low postoperative 4sIRP may have a higher rate
of clinically relevant GERD. Randomized, large-scale
studies are warranted to confirm our conclusions.

Table 2 Multivariate analyses for risk factors of clinically
relevant gastroesophageal reflux disease
Item
Constant
Full-thickness
myotomy
Postoperative
4sIRP

B

SE

Sig

OR

95%CI of OR

8.810
1.835

3.261
0.806

0.007
0.023

0.000
6.262

1.289, 30.413

0.769

0.299

6.628

2.158

1.202, 3.877

4sIRP: 4-s integrated relaxation pressure; OR: Odds ratio.

antireflux procedure, it has the potential to cause GERD.
The reported rates of prevalence of GERD after
[6-9]
POEM vary from 0% to 53%
. Some of this
variability may relate to differences in subjective
and objective measurements of GERD. Rarely, GERD
was systematically evaluated on the entire POEM
population with EGD, HRM and pH monitoring. Familiari
[15]
et al
enrolled 103 patients, and found that 50.5%
had abnormal esophageal acid exposure, 18.4%
had heartburn, 20.4% had esophagitis, and 29.1%
had clinically relevant GERD. In the present study,
postoperative esophageal acid exposure was found in
44.6% of the patients, 23.2% had GERD symptoms,
21.4% had esophagitis, and 23.2% had clinically
relevant GERD, which was consistent with Familiari’s
[15]
[14]
study . Jones et al
found that 58% (15/26) of the
achalasia patients had abnormal pH test results after
POEM, and subjective symptoms were not correlated
with pH test results. Our study also found that not all
the patients with abnormal pH test results (25/56) had
GERD symptoms (13/56).
In POEM, circular myotomy with preservation of
the longitudinal muscle is usually recommended to
decrease the potential risk of postoperative GERD,
as the longitudinal muscle plays an important role
against GERD. However, complete myotomy involving
both circular and longitudinal layers is a prerequisite
for sufficient and long-term reduction of LESP and is
the basis for excellent results of conventional surgical
[19,20]
myotomy
. Thus, some researchers perform fullthickness myotomy considering that it theoretically
results in better long-term efficacy. von Renteln
[12]
et al
enrolled 16 patients (9 circular myotomy
and 7 full-thickness myotomy) with 3 mo follow-up,
and found that there was no significant difference in
efficacy and complications between the two groups,
but full-thickness myotomy may be superior in
[11]
rapid esophagogastric emptying. Li et al enrolled
234 patients (131 circular myotomy and 103 fullthickness myotomy) with a follow-up of 6-10 mo, and
showed that there was no difference in short-term
outcomes between the two groups. However, fullthickness myotomy decreased the procedure time
without increasing procedure-related and clinical reflux
complications. Whether full-thickness myotomy leads
to better long-term efficacy and/or increased rate of

WJG|www.wjgnet.com

9424

November 14, 2016|Volume 22|Issue 42|

Wang XH et al . Circular and full-thickness myotomy in GERD

COMMENTS
COMMENTS

5

Background

All therapeutic options for achalasia focus on reducing the pressure gradient
across the lower esophageal sphincter (LES), and an antireflux procedure
is generally recommended in surgery to reduce the risk of potential
gastroesophageal reflux disease (GERD). In contrast to Heller myotomy, no
antireflux procedure is included in peroral endoscopic myotomy (POEM),
especially full-thickness myotomy, and the rate of postoperative reflux varies
from 0% to 53%.

6

7

Research frontiers

Several clinical studies have compared the safety and efficacy of circular and
full-thickness myotomy, and have demonstrated that full-thickness myotomy can
accelerate recovery of esophageal emptying and reduce operating time while
not increasing the rate of GERD. However, these studies had short-term followup, and whether full-thickness myotomy increases the rate of GERD in the long
term is still unknown.

8

Innovations and breakthroughs

9

Whether the risk of postoperative GERD in full-thickness myotomy is higher
than in circular myotomy is still unclear. This study compared the long-term
occurrence of GERD between circular and full-thickness myotomy during
POEM for achalasia, and identified the predictive factors. This is the first study
to compare the efficacy and postoperative GERD between circular and fullthickness myotomy with long-term follow-up.

10

Applications

11

In the present study, the authors have demonstrated that achalasia patients
who received full-thickness myotomy during POEM had a higher rate of
postoperative GERD without obvious advantages of better efficacy than circular
myotomy, which suggest that circular myotomy is optimal during POEM for
achalasia.

12

Terminology

Full-thickness myotomy is a type of POEM that includes completeness of
myotomy involving both circular and longitudinal muscle fibers to preserve
long-term reduction of LES pressure. GERD is a chronic condition with
mucosal damage caused by stomach acid coming up from the stomach into
the esophagus. Occasional reflux causes heartburn, but chronic reflux leads to
reflux esophagitis, GERD, and sometimes Barrett’s esophagus.

13

14

Peer-review

In this study, the authors analyzed the result of POEM and the incidence
of GERD in a group of 56 patients who underwent POEM for esophageal
achalasia and received a full assessment for GERD 3 years after the procedure.
The authors have presented interesting new insights on iatrogenic GERD rates
for different types of POEM procedures for a respectable follow-up period.
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Abstract
AIM
To clarify the prevalence of occult hepatitis B virus
(HBV) infection (OBI) and the association between OBI
and liver disease progression, defined as development
of liver cirrhosis or hepatocellular carcinoma (HCC),
worsening of Child-Pugh class, or mortality in cases of
chronic hepatitis C virus (HCV) infection.
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prior to enrollment of subjects.
Conflict-of-interest statement: There are no conflicts of
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Data sharing statement: The collected data were entered into
the electronic case report form at the Korean HCV cohort study
group homepage (http://www.hcvcohort.or.kr/).

METHODS
This prospective cohort study enrolled 174 patients
with chronic HCV infection (chronic hepatitis, n = 83;
cirrhosis, n = 47; HCC, n = 44), and evaluated disease
progression during a mean follow-up of 38.7 mo.
OBI was defined as HBV DNA positivity in 2 or more
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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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complex interaction of HCV proteins and host proteins,
inducing chronic inflammation, inhibition of apoptosis,
stimulation of cell proliferation and fibrosis, leading
to genetic alteration of hepatocytes, liver cirrhosis
[7]
and ultimately HCC . In contrast, hepatitis B virus
(HBV) has a direct oncogenic effect by integration of
HBV DNA into the host genome, causing insertional
mutagenesis, in addition to the indirect effects by HBV
protein-host interaction.
HCV and HBV have similar transmission routes,
and coinfection with HCV and HBV can increase the
[8]
risk of HCC, compared to HCV monoinfection . Even if
serum hepatitis B surface antigen (HBsAg) is negative,
HBV DNA can exist in the liver or blood of people in an
occult HBV infection (OBI) state. The pathogenic role
of OBI in the development of cirrhosis or HCC among
patients with chronic HCV infection is still extremely
[9-12]
controversial
. Moreover, the prevalence of OBI in
chronic HCV-infected patients shows a wide range of
[13,14]
variation in different global regions
. There are no
data on the prevalence or effect of OBI in chronic HCV
infection in South Korea, an HBV endemic region.
This study aimed to clarify the prevalence of OBI in
the blood of patients with chronic HCV infection, and to
estimate the association between OBI and liver disease
progression defined as development of liver cirrhosis,
decompensation (worsening of Child-Pugh class), HCC
or mortality among the subjects by prospective ob
servation. We also investigated the HBV genotype on
the HBsAg-coding open reading frame of HBV gene
(S-ORF) in OBI-positive patients.

different viral genomic regions by nested polymerase
chain reaction using 4 sets of primers in the S, C, P and
X open reading frame of the HBV genome.
RESULTS
The overall OBI prevalence in chronic HCV patients
at enrollment was 18.4%, with 16.9%, 25.5% and
13.6% in the chronic hepatitis C, liver cirrhosis
and HCC groups, respectively (P = 0.845). During
follow-up, 52 patients showed disease progression,
which was independently associated with aspartate
aminotransferase > 40 IU/L, Child-Pugh score and
sustained virologic response (SVR), but not with OBI
positivity. In 136 patients who were not in the SVR
state during the study period, OBI positivity was
associated with neither disease progression, nor HCC
development.
CONCLUSION
The prevalence of OBI in chronic HCV patients was
18.4%, and OBI was not associated with disease
progression in South Koreans.
Key words: Hepatitis B virus; Hepatitis C virus; Disease
control; Oncogenesis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Whether occult hepatitis B virus (HBV)
infection affects the outcomes of chronic hepatitis
C virus infection is controversial. This prospective
observational study aimed to clarify the association
between occult HBV infection and liver disease
progression defined as development of liver cirrhosis,
worsening of Child-Pugh class, hepatocellular carcinoma
or mortality in patients with chronic hepatitis C infection
in South Korea.

MATERIALS AND METHODS
Subjects

This prospective cohort study included 174 consecutively
enrolled patients with HBsAg-negative, chronic HCV
infection in Seoul National University Bundang Hospital
between November 2005 and May 2014. Chronic HCV
infection was defined as HCV RNA positivity > 6 mo
with HBsAg negativity. Among them, 83 patients were
given diagnoses of chronic hepatitis C, 47 patients of
liver cirrhosis, and 44 patients of HCC. The diagnostic
criteria for liver cirrhosis included the presence of
portal hypertension manifested as splenomegaly,
3
thrombocytopenia < 100000/mm , ascites, varices,
or hepatic encephalopathy and imaging findings
compatible with liver cirrhosis. The diagnosis of HCC
was based on histological examination or typical
radiographic image findings consisting of arterial
enhancement and venous wash-out of hepatic nodules
on contrast-enhanced computed tomography (CT)
[15]
or magnetic resonance imaging (MRI) . HBsAgpositive patients or human immunodeficiency virus
coinfected patients were excluded. Informed consent
was obtained from all patients, and the study protocol
was approved by the Institutional Review Board of the
hospital.

Cho JH, Lee SS, Choi YS, Jeon YJ, Chung JW, Baeg JY, Si WK,
Jang ES, Kim JW, Jeong SH. Occult hepatitis B virus infection
is not associated with disease progression of chronic hepatitis C
virus infection. World J Gastroenterol 2016; 22(42): 9427-9436
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i42/9427.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i42.9427

INTRODUCTION
Prevalence of hepatitis C virus (HCV) infection involves
about 3% of the global population, or approximately
[1]
170 million people . Chronic HCV infection can lead
to liver cirrhosis or hepatocellular carcinoma (HCC)
[2-4]
in 20%-30% of cases . The HCV life cycle occurs
exclusively in the cell cytoplasm, and the HCV RNA
[5,6]
genome does not integrate into the host genome .
Therefore, the pathogenic mechanisms of HCV include
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Table 1 Baseline characteristics of 174 patients with chronic hepatitis C virus infection
Variable

Total (n = 174)

Chronic hepatitis (n = 83)

Liver cirrhosis (n = 47)

HCC (n = 44)

66.5 ± 9.9
105 (60.3)
23.3 ± 3.0
51 (29.5)
80 (46.2)
75 (75.0)
13.5 ± 1.8
151.3 ± 87.4
4.0 ± 0.5
1.0 ± 0.6
100.3 ± 47.3
75.8 ± 103.3
77.2 ± 138.5
0.9 ± 0.4
1.1 ± 0.1
30 (17.5)

65.6 ± 9.8
54 (65.1)
23.6 ± 3.0
26 (31.3)
42 (50.6)
35 (71.4)
14.1 ± 1.5
188.0 ± 55.7
4.2 ± 0.2
1.0 ± 1.7
89.2 ± 30.9
76.0 ± 141.9
89.7 ± 193.2
1.0 ± 0.5
1.0 ± 0.1
5 (6.2)

65.3 ± 10.1
24 (51.1)
23.0 ± 3.2
10 (21.7)
17 (37.0)
18 (85.7)
13.5 ± 1.9
117.5 ± 120.2
3.8 ± 0.5
1.2 ± 0.6
102.0 ± 37.0
72.6 ± 47.8
68.0 ± 59.3
0.8 ± 0.2
1.1 ± 0.1
9 (19.6)

69.7 ± 9.3
27 (61.4)
23.0 ± 2.8
15 (34.1)
21 (47.8)
22 (73.3)
12.4 ± 1.9
118.3 ± 66.2
3.7 ± 0.5
1.1 ± 0.8
119.3 ± 71.4
78.8 ± 45.3
63.3 ± 41.0
0.9 ± 0.2
1.1 ± 0.1
16 (36.4)

160 (92.0)
12 (6.9)
2 (1.1)
8.5 ± 2.3
60/75
(44.4%/55.6%)

83 (100)
0
0
8.0 ± 2.3
32/35
(47.8%/52.2%)

40 (85.1)
5 (10.6)
2 (4.3)
9.3 ± 2.2
16/26
(38.1%/61.9%)

37 (84.1)
7 (15.9)
0
8.9 ± 2.1
12/14 (46.2%/53.8%)

102 (58.7)
34 (19.5)
38 (21.8)

45 (54.2)
14 (16.9)
24 (28.9)

25 (53.2)
11 (23.4)
11 (23.4)

32 (72.7)
9 (20.5)
3 (6.8)

Mean age, yrb,c
Male sex
Body mass index (kg/m2)
Ex or current smoker (n = 173)
Alcohol intake (social or heavy) (n = 173)
Anti-HBc (n = 100)
Hemoglobin (g/dL)c
Platelet (× 103/μL)a,b
Albumin (g/dL)a,b
Total bilirubin (mg/dL)a
ALP (IU/L)a,b
AST (IU/L)a,b
ALT (IU/L)
Creatinine (mg/dL)a
Prothrombin time (INR)a,b
AFP > 20 ng/mL (n = 171)a,b
Child-Pugh class (A/B/C)a,b
A
B
C
MELD score (n = 167)a,b
HCV genotype (1/2) (n = 135)
Antiviral treatment
No antiviral treatment
Treatment without SVR
Treatment with SVRb,c

Data are presented as mean ± SD or number (%). aP value < 0.05 between patients with chronic hepatitis and liver cirrhosis; bP value < 0.05 between
patients with chronic hepatitis and HCC; cP value < 0.05 between patients with liver cirrhosis and HCC. ALP: Alkaline phosphatase; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; MELD: Model for end-stage liver disease; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein; INR:
International normalized ratio; SVR: Sustained virologic response.

Data collection and patient follow-up

of mortality in patients with HCC. Time to disease
progression was defined as the interval between the
date of enrollment and the date of occurrence of HCC,
liver cirrhosis, worsening of Child Pugh class, death,
last observation, or September 30, 2015.

At enrollment, data on the demographics, socioeconomic
status, alcohol consumption, and smoking habits were
obtained using a standard questionnaire. In addition,
laboratory tests, ultrasonography or CT examination
of the liver was performed for all patients at baseline.
Those collected data were entered into the electronic
case report form at the Korean HCV cohort study group
homepage (available from URL: http://www.hcvcohort.
or.kr/).
All patients were monitored for clinical status and
given laboratory tests and imaging examinations,
including ultrasonography, CT or MRI, every 3-12 mo.
A total of 72 patients were treated with Pegylated
interferon alpha (peg-IFNα) and ribavirin for 24-48
wk according to HCV genotype before the study
enrollment (n = 24) and during the study period (n =
48). Survival and mortality, including cause of death,
were confirmed using examination of the final medical
records, telephone calls to participants or their family
members, and death certificate data obtained from
[16]
the Korean Statistical Information Service . The
disease progression was defined as: (1) occurrence
of liver cirrhosis, HCC, decompensation (worsening of
Child-Pugh class), or mortality in patients with chronic
hepatitis; (2) occurrence of HCC, decompensation, or
mortality in patients with cirrhosis; and (3) occurrence

WJG|www.wjgnet.com

Blood collection and HBV DNA detection

Serum or plasma samples were obtained from 174
patients and stored at -70 ℃. HBV DNA was extracted
from 400 μL of serum or plasma using a QIAamp
DNA Blood Mini Kit, (Qiagen Inc., Hilden, Germany)
according to the manufacturer’s instructions. DNA
was eluted from the spin column in 50 μL of elution
buffer. Nested polymerase chain reaction (PCR) was
conducted with AccuPower HotStart PCR PreMix
(Catalog No. k-5051; Bioneer Inc., Seoul, Republic
of Korea) using 4 sets of primers to detect S, C, P
and X regions of the HBV genome (Supplementary
Table 1). According to the Taormina Expert Meeting
[17]
Statements , the presence of OBI was defined as
proved positivity in 2 or more different viral genomic
regions by nested PCR. AM6 plasmid purchased from
the Korea Cell Line Bank (positive control) and serum
obtained from normal healthy persons or distilled
water (negative control) was used. The first round
of PCR was performed in a final volume of 20 μL at
94 ℃ for 2 min followed by 35 cycles of 94 ℃ for 30 s,
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52-65 ℃ for 30 s (52 ℃ for S, 58 ℃ for C, 58 ℃ for P,
65 ℃ for X) and 72 ℃ for 30 s, and a final extension
step of 72 ℃ for 5 min. Using 5 μL of the first PCR
product, the second round PCR was performed under
the same conditions as the first round of PCR except
for the annealing step temperature (58 ℃ for S, 52 ℃
for C, 52 ℃ for P, 65 ℃ for X). By nested PCR with sets
of 10-fold serially diluted AM6 templates, the detection
limit was estimated as 54.5 copies/µL of AM6 plasmid.

showing the mean age to be 66.5 years, male sex for
60.3%, and past or current alcohol users of 46.2%.
They included 83 patients with chronic hepatitis,
47 patients with liver cirrhosis and 44 patients with
HCC. The HCV genotype 1 and 2 were detected
in 60 patients (44.4%) and 75 patients (55.6%),
respectively. Antiviral therapy with peg-IFNα and
ribavirin combination regimen was undertaken in 72
patients before enrollment or during follow-up, and
overall sustained virologic response (SVR) rate (defined
as undetectable serum HCV RNA at 24 wk after the
end of the treatment) was 52.8%. The anti-hepatitis
B core immunoglobulin G test was performed in 100
patients, for which 75 patients showed positive results.

HBV DNA sequence analyses and genotyping

For 5 OBI-positive samples, the entire S region (the
preS1, preS2 and S region) of the HBV genome
was amplified by nested PCR using different sets
of primers. The PCR products were purified and
sequenced to identify the HBV genotype. The condition
for the first and second round of PCR was 95 ℃ for 5
min, followed by 30 cycles of 95 ℃ 60 s, 52 ℃ 45 s,
and 72 ℃ 90 s with a final extension of 72 ℃ for 5 min.
The PCR products were analyzed by electrophoresis
on 1% agarose gels, which were stained with Gel
Red, and visualized on a UV transilluminator. The PCR
products were sequenced by a commercial sequencing
company (Bioneer Inc.). HBV DNA sequences were
aligned using Clustal W (http://www.clustal.org), and
phylogenetic trees were constructed using the neighborjoining method. Bootstrap values are indicated for the
major nodes as a percentage of the data obtained from
1000 re-samplings. MEGA version 6.0.6 was used for
phylogenetic tree construction and mutation analysis.
We determined HBV genotypes by phylogenetic analysis
based on 14 reference strains obtained from GenBank
(accession numbers AY641558.1, AF286594.1, AY247032.1,
AY641559.1, D16667.1, D50519.1, AF305422.1, M57663.2,
X70185.1, AB100695.1, D00329.1, AB074755.1, X02496.1,
AB554024.1).

Prevalence of OBI and clinical factors related to OBI
positivity

The positive detection rate of plasma or serum HBV
DNA was 18.4% (32 among 174 total patients) defined
as at least 2 positive results on nested PCR among
4 different sets covering 4 ORFs of HBV genomes.
The positive rate was not different among 3 different
diagnostic categories at enrollment: 14 of 83 (16.9%) in
chronic hepatitis C, 12 of 47 (25.5%) in liver cirrhosis,
and 6 of 44 (13.6%) in HCC (Figure 1). Therefore, the
prevalence of OBI did not parallel the severity of liver
disease at study enrollment.
To investigate the clinical factors that might be
associated with OBI positivity, we compared various
variables including age, sex, body mass index,
laboratory results, model for end-stage liver disease
score, Child-Pugh score and HCV genotypes between
the patients with and without OBI. However, there
were no significant differences between OBI-positive
and OBI-negative patients, as shown in Table 2.

Effect of OBI positivity on disease progression and HCC
development

Statistical analysis

During the mean follow-up duration of 37.4 mo, 52
patients showed composite disease progression: 12
patients developed liver cirrhosis from chronic hepatitis;
13 patients developed decompensated cirrhosis
(worsening of Child-Pugh class); 14 patients developed
HCC; and 13 patients died. As shown in Table 3, OBI
positivity was not a significant factor associated with
disease progression in either univariate or multivariate
analysis. However, AST > 40 IU/L, increased ChildPugh score at enrollment, and SVR were significantly
associated with disease progression in multivariate
analysis. Moreover, there was no significant difference
in development of disease progression between the
patients with or without OBI (Figure 2A).
Of the 130 patients without HCC at enrollment,
there was no significant difference in HCC development
between the patients with or without OBI (Figure 2B).
On multivariate analysis, Child-Pugh score was an
independent factor for HCC development (Table 4).
After exclusion of 34 patients who achieved SVR

Categorical variables were compared with the chi-square
test or 2-tailed Fisher’s exact test, and continuous
variables were compared with the Mann-Whitney test
or Kruskal-Wallis test. The cumulative probabilities
of disease progression and HCC were analyzed using
the Kaplan-Meier method. Predictors associated with
disease progression and HCC were determined by
the Cox proportional regression model. Risk was ex
pressed by hazard ratio and 95%CI. A P value of < 0.05
was considered to indicate a statistically significant
difference. Statistical analyses were performed using
PASW software (version 22; IBM SPSS Statistics for
Windows, Armonk, NY, United States).

RESULTS
Patient characteristics

The baseline characteristics of the 174 study patients
with chronic HCV infection are summarized in Table 1,
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100%
80%
60%
40%
20%
0%

15/83
(18.1)

Chronic hepatitis C

11/47
(23.4)

32/174
(18.4)

6/44
(13.6)

Liver cirrhosis

HCC

Total

Figure 1 At study enrollment, the prevalence of occult hepatitis B virus infection in blood of patients with chronic hepatitis C virus infection. The
prevalence of HBV DNA in blood among 174 patients was 32 (18.4%) by nested PCR; 15 of 83 (18.1%) were positive in the chronic hepatitis C group, 11 of 47 (23.4%)
in the liver cirrhosis group, and 6 of 44 (13.6%) in the HCC group. The difference was not significant. HCC: Hepatocellular carcinoma.

Table 2 Comparison of clinical factors between patients with and without occult hepatitis B virus infection
Variable

OBI (+) (n = 32)

OBI (-) (n = 142)

P value

Mean age, yr
Male sex
Body mass index (kg/m2)
Anti-HBc (n = 100)
Anti-HBs (n = 157)
Hemoglobin (g/mL)
Platelet (× 103/mL)
Albumin (g/dL)
Total bilirubin (mg/dL)
AST (IU/L)
ALT (IU/L)
Creatinine (mg/dL)
PT-INR
MELD score
HCV genotype (1/2)
AFP > 20 ng/mL
Child-Pugh class
A
B
C
Antiviral treatment
No antiviral treatment
Treatment without SVR
Treatment with SVR
Disease progression
Development of HCC
Follow-up period (mo)

67.1 ± 9.6
19 (59.4)
23.9 ± 3.2
6 (66.7)
14 (48.3)
13.3 ± 1.3
150.5 ± 79.5
3.9 ± 0.5
1.1 ± 0.8
62.7 ± 40.3
54.7 ± 43.5
0.9 ± 0.2
1.0 ± 0.1
8.3 ± 1.9
12/15 (44.4%/55.6%)
6 (19.4)

66.4 ± 9.9
86 (60.6)
23.2 ± 3.0
69 (75.8)
72 (56.3)
13.5 ± 1.9
151.5 ± 89.3
4.0 ± 0.4
1.0 ± 0.5
78.8 ± 112.6
82.2 ± 151.6
0.9 ± 0.4
1.0 ± 0.1
8.6 ± 2.4
48/60 (44.4%/55.6%)
23 (16.5)

0.952
0.527
0.180
0.399
0.283
0.364
0.978
0.593
0.118
0.546
0.148
0.779
0.459
0.744
0.587
0.441
0.436

28 (87.5)
4 (12.5)
0

132 (93.0)
8 (5.6)
2 (1.3)

21 (65.6)
5 (19.2)
6 (18.8)
7 (21.9)
3 (11.5)
42.5 ± 34.7

81 (57.0)
29 (26.4)
32 (22.5)
45 (31.7)
11 (10.6)
36.3 ± 26.9

0.430
0.616
0.814
0.392
1.000
0.555

Data are presented as mean ± SD or number (%). OBI: Occult hepatitis B virus infection; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
MELD: Model for end-stage liver disease; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein; PT-INR: Prothrombin time-international normalized ratio; SVR:
Sustained virologic response.

during the study period, OBI was not a significant factor
associated with either disease progression, nor HCC
development (Supplementary Figure 1).

alone did not represent OBI positivity.

OBI positivity according to serological markers of HBV

In the 32 OBI-positive patients, 5 samples were
available for full S-ORF sequence analysis including
preS1, preS2 and S gene. The phylogenetic analysis
showed that all 5 samples were HBV genotype C2,
which was same as the HBV genotype reported in
almost all patients with chronic HBV infection in South
Korea.

HBV DNA genotype of HBV strains in OBI-positive
patients

Anti-HBs and anti-HBc were both evaluated in 87
patients. OBI positivity was 2.9% (1/34) in anti-HBc (+)
and anti-HBs (+) patients, 9.4% (3/32) in anti-HBc (+)
and anti-HBs (-) patients, 11.1% in anti-HBc (-) and
anti-HBs (+) patients, and 15.4% in anti-HBc (-) and
anti-HBs (-) patients. Therefore, positivity for anti-HBc
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P = 0.878

5
3

No OBI
OBI

80
60
40
20
0

96

Follow-up period (mo)

No. at risk

100

Development of HCC (%)

Proportion of disease
progression (%)

A

0
No. at risk
No OBI 104
OBI
26

12

24

88
19

Follow-up period (mo)
63
49
31
20
14
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13
9
8
7
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96
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Figure 2 Effect of occult hepatitis B virus infection positivity on disease progression and hepatocellular carcinoma development. A: Cumulative incidence
of disease progression defined as development of liver cirrhosis or HCC, worsening of Child Pugh class (A→B or C), or mortality according to OBI; B: Cumulative
incidence of development of HCC according to OBI. HCC: Hepatocellular carcinoma; OBI: Occult hepatitis B virus infection.

Table 3 Clinical factors associated with disease progression, defined as development of liver cirrhosis, decompensation,
hepatocellular carcinoma, or mortality (n = 174)
HR

P value

Adjusted HR

P value

0.494 (0.210-1.164)
1.020 (0.990-1.050)
0.935 (0.534-1.636)
2.291 (0.878-5.976)
3.730 (1.740-7.996)
2.454 (1.273-4.730)
2.736 (1.571-4.765)
2.247 (1.238-4.079)
2.136 (1.628-2.802)

0.107
0.194
0.814
0.090
0.001
0.007
< 0.001
0.008
< 0.001

0.510 (0.208-1.251)

0.141

3.419 (1.117-10.463)
0.737 (0.297-1.826)

0.031
0.510

1.370 (0.721-2.600)
1.716 (1.230-2.394)

0.336
0.001

1.111 (1.009-1.224)

0.032

0.987 (0.860-1.134)

0.856

0.263 (0.104-0.663)
1.465 (0.780-2.753)

0.005
0.231

0.317 (0.121-0.828)

0.019

Variable
OBI
Age (per year)
Male sex
Anti-HBc positivity
AST > 40 IU/L
ALT > 40 IU/L
GGT > 70 IU/L
AFP > 20 ng/mL
Child-Pugh score
(per unit)
MELD score
(per unit)
SVR
HCV genotype 1

Disease progression defined as: (1) occurrence of liver cirrhosis, hepatocellular carcinoma (HCC), decompensation, or mortality in patients with chronic
hepatitis; (2) occurrence of HCC, decompensation, or mortality in patients with cirrhosis; and (3) occurrence of mortality in patients with HCC. HR: Hazard
ratio; OBI: Occult hepatitis B virus infection; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; MELD: Model for
end-stage liver disease; SVR: Sustained virologic response; HCV: Hepatitis C virus.
[18]

chronic HCV infection , 57% in 100 Portuguese
[19]
patients , and 15.0% in 167 Japanese patients as
[13]
determined by nested PCR , and 50% in 44 patients
with HCV-related advanced cirrhosis in the United
[20]
States as determined by real-time PCR .
The prevalence of OBI in serum/plasma in HCV[21]
related liver disease patients was 5.6% (8/141) ,
[22]
7.8% (11/140) , and 5.2% (9/173) as determined by
[23]
real-time PCR in Japan , but it was 43.6% (204/468)
in one Japanese study that using nested PCR with only
[24]
one set of primers covering the X region . The OBI
prevalence in chronic HCV patients was 45.7% (42/92)
[25]
[26]
in Morocco
and 20% (18/50) in Iran , while none
[19]
of 100 Portuguese patients showed serum OBI . A
retrospective study in Taiwan showed that serum OBI
prevalence as determined by nested PCR using 3 sets
of primers in patients with chronic HCV infection was
14.8% (31 of 210), which did not differ from that of
healthy controls (15%, 15/100), and the prevalence of

DISCUSSION
In this study, the prevalence of OBI was 18.4% in the
blood of HBsAg-negative patients with chronic HCV
infection in South Korea by nested PCR, in whom OBI
prevalence was not higher in the HCC group (13.6%)
than in the chronic hepatitis group (18.1%) or liver
cirrhosis group (23.4%). Moreover, neither positive OBI
nor presence of anti-HBc was significantly associated
with disease progression or HCC development on
multivariate analysis. The HBV genotype detected in all
5 OBI-positive patients was genotype C2, which was
the same as almost all of the detected genotypes in
chronic hepatitis B patients in Korea.
The prevalence of OBI in the liver tissue or serum
of anti-HCV-positive patients has been reported
variously, both in prospective and retrospective
studies. The prevalence of OBI detected in liver tissue
was reported as 38.8% in 326 Italian patients with
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Table 4 Clinical factors associated with development of hepatocellular carcinoma
HR

P value

Adjusted HR

P value

0.904 (0.251-3.264)
1.016 (0.962-1.073)
1.531 (0.536-4.374)
6.120 (1.351-27.729)
3.573 (0.976-13.075)
0.051 (0.003-0.892)
3.381 (1.129-10.121)
10.081 (1.036-77.802)
3.065 (1.741-5.399)

0.878
0.571
0.427
0.019
0.054
0.042
0.029
0.027
< 0.001

0.860 (0.209-3.535)

0.835

3.383 (0.664-17.226)

0.142

0.075 (0.003-2.200)
1.706 (0.512-5.678)

0.133
0.384

2.818 (1.547-5.135)

0.001

Variable
OBI
Age (per year)
Male sex
AST > 40 IU/L
ALT > 40 IU/L
Creatinine (per unit)
AFP > 20 ng/mL
PT-INR (per unit)
Child-Pugh score
(per unit)
MELD score
(per unit)
SVR
HCV genotype 1

1.057 (0.862-1.296)

0.597

0.289 (0.064-1.302)
2.049 (0.644-6.517)

0.106
0.224

HR: Hazard ratio; OBI: Occult hepatitis B virus infection; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; PTINR: Prothrombin time-international normalized ratio; MELD: Model for end-stage liver disease; SVR: Sustained virologic response; HCV: Hepatitis C
virus.

OBI did not parallel the severity of liver disease (14.5%
in chronic hepatitis, 8% in liver cirrhosis, and 22% in
[27]
HCC) . In the present study, the prevalence of OBI in
plasma was 18.4% (32 of 174), which did not increase
with the severity of liver disease, showing similar
results to the Taiwan study consisting of the subjects
and detection methods similar to this study.
The variously reported OBI prevalence in patients
with chronic HCV infection may be related to the
different study subjects, different materials used (liver
tissue vs serum), or differences in PCR technology
such as nested PCR or real-time PCR using different
numbers of primer sets. Our method followed the
[17]
Taormina Expert Meeting Statements , in which the
presence of OBI was defined as proved positivity in 2
or more different viral genomic regions by nested PCR
and included adequate positive and negative controls.
Previous data suggested that the prevalences of OBI
detected in liver tissue were higher than those in
blood, though reports of head-to-head comparisons
[19,28]
of both methodologies are limited
. Integration of
the HBV genome into the host genome is a plausible
explanation. In addition, risk factors of HCV infection
may affect the prevalence of OBI. As shown in the
above United States study, a history of intravenous
drug abuse (IVDU) was found in 66% of the subjects,
as opposed to 1% of our study population. Because
HBV and HCV can share the parenteral transmission
route, repeated exposure to HBV or HCV during IVDU
may result in relatively high frequency of OBI in those
subjects rather than those who were infected through
perinatal infection as in Korea.
This study showed that OBI prevalence did not
increase according to the severity of liver disease
(n = 174), and during a mean prospective followup of 38 mo, OBI was not associated with either
HCC development or the overall disease progression.
However, SVR, Child-Pugh score and AST level were
independent factors associated with the disease
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progression. Even in the patients who did not receive
treatment or did not achieve SVR (n = 136), OBI
positivity was not associated with either HCC develop
ment or disease progression.
The role of OBI in disease progression or develop
ment of HCC in patients with chronic HCV infection
is still a matter of considerable controversy. Some
studies have reported that OBI may contribute to
the development of HCC or cirrhosis in chronic HCV[9,10,18,21,23,24,29]
infected patients
. In contrast, other reports
have shown that OBI is not an important factor in the
[11,12,14,27,28,30,31]
progression to HCC or cirrhosis
. Most
[12,16,18,24]
previous studies were cross-sectional studies
,
and a meta-analysis including both prospective and
retrospective studies reported that OBI contributed
[32]
to the development of HCC . A prospective study in
Italy showed that among 94 patients who were tested
for liver OBI and followed for a median 11 years,
HCC developed more often in the OBI-positive group
(13/37) than in the OBI-negative group (5/57), and
OBI-positive patients had shorter cumulative survival
rate than OBI-negative patients. Though this study
suggests that OBI may lead to HCC development and
lower survival, only 94 among a total 326 original
study group were followed (follow-up missing rate
of 71.2%) and 79 out of 94 patients underwent
antiviral treatment with an SVR rate of 33% (26/79).
Considering that SVR is a strong independent factor
for HCC development or survival, more studies are
needed to clarify the significance of OBI in HCV-related
liver disease progression.
The possible mechanisms of OBI involvement in
hepatocarcinogenesis were HBV-induced accelerated
inflammation, HBV genome integration in the host
DNA, or promoting effect of HBV proteins in malignant
transformation. In a woodchuck model, persistently
low level of viremia in liver tissue in the absence of
woodchuck HBsAg can lead to liver injury and HCC
[33]
development . However, there has been no clear
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of chronic hepatitis C virus (HCV) infection is controversial. This study aimed to
clarify the prevalence of OBI and the association between OBI and liver disease
progression in cases of chronic HCV infection.

evidence supporting the hepatocarcinogenic role
of OBI in HCV-related liver disease. Two recently
reported independent in vitro studies showed
that both HBV and HCV can replicate in the same
hepatocyte cells without evidence of viral interference.
Therefore, HCV and HBV may interfere with each
other by indirect effects of host-viral interactions or
host immune response.
Moreover, the epidemiology of HCV or HBV is
different according to geographic regions or population.
For example, the most common mode of transmission
of HBV in Korean people has been perinatal trans
mission, while HCV infection occurs in later life. In
contrast, IVDUs in an HBV non-endemic area may be
infected by both viruses simultaneously or repeatedly.
Those differences in epidemiology may lead to diffe
rences in immunological response to OBI in HCVinfected patients in different regions. In this study, a
phylogenetic analysis showed that 5 strains from the
occult HBV-infected subjects were all genotype C2,
which was detected in nearly 100% of chronic hepatitis
B patients in Korea. Because of sample availability,
only 5 samples among the 32 patients with OBI were
evaluated. Several mechanisms have been considered
for occult infections by HBV, such as low HBV DNA
and HBsAg levels, mutations in HBV DNA sequence,
viral DNA integration in the host genome, infection
of peripheral blood mononuclear cells, production
of immune complexes containing HBV, altered host
[34-37]
immune response, and interference of HCV
.
The present study had several limitations, including
being a single center study with relatively small sample
size, no availability of liver tissue and no results on
quantitative evaluation of HBV DNA.
In conclusion, this study demonstrates that the
prevalence of OBI in blood in patients with chronic
HCV infection in South Korea was 18.4%, with no
significant correlation between OBI positivity and
disease progression or HCC. Controversy still exists
regarding the role of OBI; therefore, well-designed
prospective multicenter studies and experimental
studies are warranted.

Research frontiers

The prevalence of OBI in chronic HCV-infected patients has been reported
variously in different global regions. The pathogenic role of OBI in the disease
progression or development of hepatocellular carcinoma (HCC) in patients with
chronic HCV infection is still a matter of considerable controversy. There are no
data on the prevalence or effect of OBI in chronic HCV infection in Korea, an
HBV endemic region.

Innovations and breakthroughs

The positive detection rate of plasma or serum HBV DNA was 18.4%
(32 among 174 patients), defined as at least 2 positive results on nested
polymerase chain reaction (PCR) using 4 sets of primers in the S, C, P and
X open reading frame of the HBV genome. However, OBI positivity was not a
significant factor associated with disease progression. In addition, there was no
significant difference in HCC development between the patients with or without
OBI.

Applications

This study demonstrates that the prevalence of OBI in patients with chronic
HCV infection in Korea was 18.4%, with no significant correlation between OBI
positivity and disease progression or HCC. Controversy still exists regarding
the role of OBI; therefore, well-designed prospective multicenter studies and
experimental studies are warranted.

Terminology

According to the Taormina Expert Meeting Statements, the presence of OBI
was defined as proved positivity in 2 or more different viral genomic regions by
nested PCR using 4 sets of primers to detect the S, C, P and X regions of the
HBV genome. The disease progression was defined as: (1) occurrence of liver
cirrhosis, HCC, decompensation (worsening of Child-Pugh class), or mortality
in patients with chronic hepatitis; (2) occurrence of HCC, decompensation, or
mortality in patients with cirrhosis; and (3) occurrence of mortality in patients
with HCC.

Peer-review

This observational study represents an unbiased and well-articulated report
on the usefulness of OBI measurement as a prognostic factor for liver disease
progression.
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Abstract
AIM
To investigate the prevalence of depression and anxiety
in patients with chronic digestive system diseases.

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

METHODS
A total of 1736 patients with chronic digestive system
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diseases were included in this cross-sectional study,
including 871 outpatients and 865 in-patients. A selfdesigned General Information for Patients of the
Department of Gastroenterology of General Hospitals
questionnaire was used to collect each patient’s
general information, which included demographic data
(including age, sex, marital status, and education)
and disease characteristics (including major diseases,
disease duration, principal symptoms, chronic pain,
sleep disorder, and limited daily activities).

depression and anxiety symptoms.
Zhang AZ, Wang QC, Huang KM, Huang JG, Zhou CH,
Sun FQ, Wang SW, Wu FT. Prevalence of depression and
anxiety in patients with chronic digestive system diseases: A
multicenter epidemiological study. World J Gastroenterol 2016;
22(42): 9437-9444 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9437.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9437

RESULTS
The overall detection rate was 31.11% (540/1736)
for depression symptoms alone, 27.02% (469/1736)
for anxiety symptoms alone, 20.68% (359/1736) for
both depression and anxiety symptoms, and 37.44%
(650/1736) for either depression or anxiety symptoms.
Subjects aged 70 years or above had the highest
detection rate of depression (44.06%) and anxiety
2
symptoms (33.33%). χ trend test showed: the higher
the body mass index (BMI), the lower the detection rate
2
of depression and anxiety symptoms (χ trend = 13.697,
2
P < 0.001; χ trend = 9.082, P = 0.003); the more severe
the limited daily activities, the higher the detection rate
2
of depression and anxiety symptoms (χ trend = 130.455,
2
P < 0.001, χ trend = 108.528, P < 0.001); and the
poorer the sleep quality, the higher the detection rate
2
of depression and anxiety symptoms (χ trend = 85.759,
2
P < 0.001; χ trend = 51.969, P < 0.001). Patients with
digestive system tumors had the highest detection rate
of depression (57.55%) and anxiety (55.19%), followed
by patients with liver cirrhosis (41.35% and 48.08%).
Depression and anxiety symptoms were also high in
subjects with comorbid hypertension and coronary heart
disease.

INTRODUCTION
Depressive and anxiety disorders are common psychiatric
illnesses. According to statistics from the World Health
Organization, there were more than 350 million people
suffering from depressive disorders worldwide in 2012,
suggesting that depressive disorders have become an
[1]
important source of the global burden of diseases .
The digestive system is vulnerable to the influence of
emotional factors, because its function is regulated
mainly by the vegetative nervous system and the
endocrine system, and the center of both systems
has the same anatomical location as the subcortical
[2]
integration center of the emotional center .
Previous studies have shown that depression and
anxiety are risk factors for diseases of the digestive
[3-5]
system
. Digestive system disease patients with
depressive and anxiety disorders often have more
serious somatic symptoms, longer time to disease
recovery and worse prognosis, and therefore tend to
[6-8]
consume more medical resources . On the other
hand, several studies have shown that the prevalence
of depressive and anxiety disorders in patients with
[9-11]
digestive system diseases is often high
, and these
patients tend to visit the gastroenterology department
of general hospitals because of more prominent
digestive system symptoms, mild depressive or anxiety
symptoms, or the concern of being labelled as “mentally
[12]
ill patients” .
Although digestive system diseases are closely
related to anxiety, depressive and other mood disor
ders, studies have shown that the symptoms of mood
disorders, such as depression and anxiety, in the vast
majority of patients with digestive system diseases
cannot be identified by gastroenterologists. As a result,
40%-90% of patients with depressive and anxiety
disorders cannot acquire corresponding medical and
[13-15]
health services and treatment
.
In view of the above, understanding and evaluating
the prevalence of depressive and anxiety disorders
in patients with digestive system diseases is of
great significance. Although such studies have been
previously conducted in China, many of them are
confined to a kind of disease, or the subjects are
either outpatients or in-patients. Therefore, the results
obtained cannot fully reflect the overall prevalence

CONCLUSION
Depression and anxiety occur in patients with tumors,
liver cirrhosis, functional dyspepsia, and chronic viral
hepatitis. Elderly, divorced/widowed, poor sleep quality,
and lower BMI are associated with higher risk of
depression and anxiety.
Key words: Depression; Anxiety; Chronic digestive
system diseases; Psychiatric illnesses
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Depressive and anxiety disorders are common
psychiatric illnesses. Depression and anxiety can
not only lower the quality of life but also affect the
therapeutic effects on somatic diseases. Research has
shown that detection rates of depression and anxiety
symptoms are high in patients with chronic digestive
system diseases, especially in patients with digestive
system tumors, liver cirrhosis, functional dyspepsia,
and chronic viral hepatitis. Elderly patients, divorced/
widowed patients, patients with a low degree of
education, limited daily activities, poor sleep quality,
or a lower body mass index are at higher risk for
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of depressive and anxiety disorders in patients with
digestive system diseases.
The present study included both outpatients
and in-patients with chronic diseases treated at the
departments of gastroenterology in eight general
hospitals in Shandong Province and evaluated the
prevalence of depressive and anxiety disorders in
these patients. The results obtained will provide a basis
for identifying patients with chronic digestive system
diseases at higher risk of anxiety and depression,
and this will help determine targeted interventions
and improve the prognosis and quality of life of these
patients.

was used to perform statistical analyses. The detection
rates of depression and anxiety symptoms between
2
different populations were compared using the χ test at
a significance level of 0.05.

RESULTS
General information

A total of 1736 subjects were included, of whom 937
(53.97%) were male and 799 (46.03%) were female,
with a median age of 52.00 years (range, 18-90 years).
Among them, 87.73% (1523/1736) were married and
26.15% (454/1736) had attended college or earned a
bachelor’s degree (Table 1).
The diseases diagnosed in subjects mainly in
cluded chronic gastritis (807; 46.49%), functional
dyspepsia (227; 13.08%), digestive system tumors
(212; 12.21%), chronic peptic ulcer (187; 10.77%),
inflammatory bowel disease (181; 10.43%), gastroe
sophageal reflux disease (141; 8.12%), liver cirrhosis
(104; 5.99%), irritable bowel syndrome (96; 5.53%),
and chronic viral hepatitis (59; 3.40%) (Table 2). The
median duration of diseases was 8.71 years (range,
1.20-44.00 years).

MATERIALS AND METHODS
Subjects

Both outpatients and in-patients with chronic diseases
treated at the departments of gastroenterology of
eight general hospitals in Shandong Province were
included. Inclusion criteria were: (1) patients with
clearly diagnosed chronic digestive system diseases,
aged 18 years or above; (2) patients who were willing
to participate in the study; and (3) patients who were
conscious, had no mental retardation, and can complete
the questionnaire independently. Exclusion criterion
was patients who cannot complete the study due to
severe mental or somatic disorders. Patients who could
not complete all the 14 items of the Hospital Anxiety
and Depression (HAD) scale were also excluded from
the study. Based on these criteria, a total of 1736
patients were finally included in the study, including 871
outpatients and 865 in-patients.

Overall detection rates of depression and anxiety
symptoms

As shown in Table 3, the overall detection rate was
31.11% (540/1736) for depression symptoms alone,
27.02% (469/1736) for anxiety symptoms alone,
20.68% (359/1736) for both depression and anxiety
symptoms, and 37.44% (650/1736) for either depre
ssion or anxiety symptoms. In outpatients, the detection
rate was 28.01% (244/871) for depression symptoms
alone, 22.96% (200/871) for anxiety symptoms alone,
18.48% (161/871) for both depression and anxiety
symptoms, and 32.49% (283/871) for either depression
or anxiety symptoms. In in-patients, the detection
rate was 34.22% (296/865) for depression symptoms
alone, 31.10% (269/865) for anxiety symptoms alone,
22.89% (198/865) for both depression and anxiety
symptoms, and 42.23% (367/865) for either depression
or anxiety symptoms.

Methods

This was a cross-sectional study. A self-designed General
Information for Patients of the Department of Gastro
enterology of General Hospitals questionnaire was
used to collect each patient’s general information.
The questionnaire was completed by well-trained
physicians using face-to-face interview after informed
consent was obtained from patients. General infor
mation included demographic data (including age,
sex, marital status, and education) and disease
characteristics (including major diseases, disease
duration, principal symptoms, chronic pain, sleep
disorder, and limited daily activities). Chronic pain was
[16]
defined as pain that had lasted 3 mo or longer . The
symptoms of depression and anxiety were identified
using the HAD scale, and the scale was completed by
the subjects themselves. The degree of symptoms of
depression and anxiety was assessed using the Rating
Scale for Mental Health (revised version), and a score
of ≥ 9 was considered to indicate positive symptoms.

Detection rates of depression and anxiety symptoms in
subjects with different demographic characteristics

As shown in Table 1, the detection rate of depression
symptoms did not differ significantly between men
2
and women (χ = 1.681, P = 0.195). Subjects aged
70 years or above had the highest detection rate of
depression symptoms (44.06%), followed by subjects
aged 50-59.99 years (36.00%). With regard to marital
status, the detection rate of depression symptoms was
highest in divorced/widowed subjects (41.35%) and
lowest in unmarried subjects (17.43%). With regard
to education level, the detection rate of depression
symptoms was highest in subjects with primary school
education or below (45.60%) and lowest in subjects

Statistical analysis

After checking the completed questionnaires, Epidata3.0
was used to establish a database. SPSS17.0 software
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Table 1 Detection rates of depression and anxiety symptoms in subjects with different demographic characteristics
n (%)

Variable

Depression symptoms

χ2

n (%)
Sex
Male
Female
Age, yr
18-30
30-40
40-50
50-60
60-70
> 70
Marital status
Married
Divorced/widowed
Unmarried
Education
Primary school or below
Junior high school
Senior high school or
polytechnic school
College or bachelor’s degree
Master’s degree or above
Body mass index, kg/m2
< 18.5
18.5-23.99
≥ 24
Chronic pain
Yes
No
Daily activities
Non-limited
Limited but independent
Limited but dependent
Sleep quality
Good
Fair
Poor or very poor

1.681

Anxiety symptoms

P value

n (%)

0.195

937 (53.97)
799 (46.03)

279 (29.78)
332 (32.67)

164 (9.45)
234 (13.48)
363 (20.91)
375 (21.60)
339 (19.53)
261 (15.03)

38 (23.17)
57 (24.36)
81 (22.31)
135 (36.00)
114 (33.63)
115 (44.06)

1523 (87.73)
104 (5.99)
109 (6.28)

478 (31.39)
43 (41.35)
19 (17.43)

386 (22.24)
440 (25.35)
424 (24.42)

176 (45.60)
137 (31.14)
108 (25.47)

128 (33.16)
120 (27.27)
105 (24.76)

454 (26.15)
32 (1.84)

114 (25.11)
5 (15.63)

112 (24.67)
4 (12.50)

88 (5.07)
947 (54.55)
697 (40.15)

42 (47.19)
307 (32.42)
191 (27.29)

262 (15.09)
1474 (84.91)

99 (37.79)
441 (29.92)

1457 (83.93)
253 (14.57)
26 (1.50)

373 (25.60)
147 (58.10)
20 (76.92)

539 (31.05)
898 (51.73)
299 (17.23)

104 (19.29)
285 (31.74)
151 (50.50)

χ2

P value

0.779

0.377

24.254

< 0.001

8.490

0.014

13.184

0.010

9.092

0.011

1.540

0.215

108.699

< 0.001

53.651

< 0.001

245 (26.15)
224 (28.04)
48.522

< 0.001
31 (18.90)
50 (21.37)
83 (22.87)
123 (32.80)
95 (28.02)
87 (33.33)

14.656

0.001
416 (27.31)
35 (33.65)
18 (16.51)

55.293

16.273

< 0.001

< 0.001
31 (34.83)
274 (28.93)
164 (23.43)

6.426

0.011
79 (30.15)
390 (26.46)

132.199

< 0.001
325 (22.31)
125 (49.41)
19 (73.08)

87.741

< 0.001
99 (18.37)
245 (27.28)
125 (41.81)

Table 2 Detection rates of depression and anxiety symptoms in subjects with different diseases n (%)
Disease
Peptic ulcer
Digestive system tumors
Chronic gastritis
Functional dyspepsia
Inflammatory bowel disease
Irritable bowel syndrome
Chronic viral hepatitis
Liver cirrhosis
Gastroesophageal reflux disease

Total

Depression symptoms

Anxiety symptoms

187 (10.77)
212 (12.21)
807 (46.49)
227 (13.08)
181 (10.43)
96 (5.53)
59 (3.40)
104 (5.99)
141 (8.12)

50 (26.74)
122 (57.55)
221 (27.39)
78 (34.36)
58 (32.04)
28 (29.17)
20 (33.90)
43 (41.35)
34 (24.11)

42 (22.50)
117 (55.19)
177 (21.93)
58 (25.55)
46 (25.41)
24 (25.00)
16 (27.12)
50 (48.08)
29 (20.57)

(χ

with graduate level or above (15.63%). The detection
rate of depression symptoms was higher in patients
2
with chronic pain than in those without (χ = 6.426, P
2
= 0.011). χ trend test showed: the higher the body
mass index (BMI), the lower the detection rate of
2
depression symptoms (χ trend = 13.697, P < 0.001);
the more severe the limited daily activities, the higher
2
the detection rate of depression symptoms (χ trend =
130.455, P < 0.001); and the poorer the sleep quality,
the higher the detection rate of depression symptoms

WJG|www.wjgnet.com

2
trend

= 85.759, P < 0.001).
The detection rate of anxiety symptoms did not
2
differ significantly between men and women (χ =
0.779, P = 0.377). Subjects aged 70 years or above
had the highest detection rate of anxiety symptoms
(33.33%), followed by subjects aged 50-59.99 years
(32.80%). With regard to marital status, the detection
rate of anxiety symptoms was highest in divorced/
widowed subjects (33.65%) and lowest in unmarried
subjects (16.51%). With regard to education level,
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Table 3 Overall detection rates of depression and anxiety symptoms n (%)
Patients
Outpatients
In-patients
Overall

n

Depression symptoms

Anxiety symptoms

Depression and anxiety symptoms

Depression or anxiety symptoms

871
865
1736

244 (28.01)
296 (34.22)
540 (31.11)

200 (22.96)
269 (31.10)
469 (27.02)

161 (18.48)
198 (22.89)
359 (20.68)

283 (32.49)
367 (42.43)
650 (37.44)

Table 4 Detection rates of depression and anxiety symptoms in subjects with different comorbidities
Comorbidity

n (%)

Depression symptoms

n (%)
Hypertension
No
Yes
Diabetes
No
Yes
Coronary heart disease
No
Yes
Cerebrovascular disease
No
Yes

1342 (77.30)
394 (22.70)

397 (29.58)
143 (36.29)

1585/91.30
151/8.70

478/30.16
62/41.06

1603/92.34
133/7.66

486/30.32
54/40.60

1627/93.72
109/6.28

502/30.85
38/34.86

P value

6.402

0.011

n (%)

χ2

P value

5.734

0.017

7.424

0.006

3.396

0.065

0.120

0.729

344 (25.63)
125 (31.73)
7.646

0.006
414/26.12
55/36.42

6.060

0.014
424/26.45
45/33.83

0.766

0.382
438/26.92
31/28.44

subjects with comorbid diabetes than in those without
(41.06% vs 30.16%, 36.42% vs 26.12%, P < 0.05).
The detection rate of depression symptoms was
significantly higher in subjects with comorbid coronary
heart disease than in those without (40.60% vs
30.32%, P = 0.014) but the detection rate of anxiety
symptoms did not differ significantly between subjects
with comorbid coronary heart disease and those
without (P > 0.05) (Table 4).

the detection rate of anxiety symptoms was highest
in subjects with primary school education or below
(33.16%) and lowest in subjects with graduate
level or above (12.50%) (Table 1). The detection
rate of anxiety symptoms did not differ significantly
between patients with chronic pain and those without
2
2
(χ = 1.540, P = 0.215). χ trend test showed that:
the higher the BMI, the lower the detection rate of
2
anxiety symptoms (χ trend = 9.082, P = 0.003); the
more severe the limited daily activities, the higher
2
the detection rate of depression symptoms (χ trend =
108.528, P < 0.001); and the poorer the sleep quality,
the higher the detection rate of depression symptoms
2
(χ trend = 51.969, P < 0.001).

DISCUSSION
This cross-sectional study investigated the prevalence
of symptoms of depression and anxiety in both out
patients and in-patients with chronic diseases treated
at the departments of gastroenterology of general
hospitals. Given that the sample size was large, the
subjects were collected from eight general hospitals in
Shandong Province, and multiple common digestive
system diseases were involved, the results obtained
are of great clinical value.

Detection rates of depression and anxiety symptoms in
subjects with different diseases

Patients with digestive system tumors had the highest
detection rate of depression (57.55%), followed
by patients with liver cirrhosis (41.35%), patients
with functional dyspepsia (34.36%), and patients
with chronic viral hepatitis (33.90%). Patients with
digestive system tumors had the highest detection rate
of anxiety (55.19%), followed by patients with liver
cirrhosis (48.08%), patients with chronic viral hepatitis
(27.12%), and patients with functional dyspepsia
(25.55%) (Table 2).

Detection rates of depression and anxiety symptoms
in patients with chronic diseases treated at the
departments of gastroenterology of general hospitals

This study showed that the detection rate of depression
or anxiety symptoms in patients with chronic diseases
treated at the departments of gastroenterology of
general hospitals was 37.44% of all subjects (42.43%
of in-patients and 32.49% of outpatients), which was
[11]
lower than that (53.1%) reported by Li et al
who
investigated 1995 outpatients at the departments
of gastroenterology of 15 general hospitals in five
[17]
regions, and that (58.3%) reported by Jiang et al

Detection rates of depression and anxiety symptoms in
subjects with different comorbidities

The detection rates of depression and anxiety
symptoms were significantly higher in subjects with
comorbid hypertension than in those without (36.29%
vs 29.58%, 31.73% vs 25.63%, P < 0.05) and in
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[22]

who investigated 517 outpatients at the departments
of gastroenterology of three general hospitals in
Beijing. This difference may be caused by the fact that
the cutoff value for HAD score used in the previous
two studies was ≥ 8 (as opposed to ≥ 9 used in the
present study).
The detection rate of depression symptoms in
patients with chronic diseases treated at the depart
ments of gastroenterology of general hospitals was
31.11%, which was lower than that (37%) reported
[18]
by a previous study (the LIDO study ) that included
18489 patients in primary care in six countries. Such
discrepancy may be due to different subjects and
screening tools used. The detection rate of depression
symptoms in outpatients was 28.01%, which was
[19]
lower than that (35.1%) reported by Mei et al
who
investigated 1428 outpatients at the department of
gastroenterology, and the detection rate of depression
symptoms of in-patients was 34.22%, which was
[20]
lower than that (40.8%) reported by Li et al
who
investigated 133 in-patients at the department of
gastroenterology. These differences may be due to
different screening criteria used between studies.
The detection rate of anxiety symptoms in patients
with chronic diseases treated at the departments of
gastroenterology of general hospitals was 27.02% in
all subjects and 22.96% in outpatients, which were
higher than those (5.8% and 31.10%) reported by
[19]
Mei et al
who investigated 1428 outpatients at the
department of gastroenterology, but lower than that
[21]
(50.4%) reported by Li et al
who investigated 133
in-patients at the department of gastroenterology.
The differences in these findings suggest that
the differences in evaluation tools and endpoints
may cause different results. Since the present study
utilized the HAD scale, which is the most widely
used tool worldwide, and included 1736 patients from
eight tertiary hospitals located in different regions
of Shandong Province, it can well reflect the actual
situation of patients at departments of gastroenterology
in Shandong Province.

without. Lloyd et al
found that diabetes, especially
diabetes with multiple complications, can increase the
[23]
incidence of depression. Sun et al
discovered that
BMI, glycosylated hemoglobin level, and use of insulin
can affect the mood of diabetes patients and result
in higher levels of depression and anxiety in diabetes
[24]
patients than in normal people. Jiang et al found that
the incidence and severity of depression were higher in
patients with hypertension than in those without.
Although many previous studies indicated that
women were more likely to develop depressive and
[25-27]
anxiety disorders than men
, the present study
revealed no significant differences in the detection
rates of depression and anxiety symptoms between
men and women, which is consistent with the finding
[28]
of Zhang et al
who investigated 2877 outpatients
from 50 general hospitals in Beijing.
The present study also showed that the detection
rates of depression and anxiety symptoms were
higher in patients aged 50 years or above than in
younger patients, suggesting that patients aged > 50
years may be a high risk population for depression
and anxiety, which is consistent with the findings of
many previous studies that elderly patients have a
higher prevalence of depressive and anxiety disorders
[24,29]
than younger patients
. Compared to unmarried
or married subjects, divorced/widowed subjects had
higher detection rates of depression and anxiety
symptoms. This may be because divorced/widowed
subjects received less family and social support. With
regard to education level, patients with a low level of
education had higher detection rates of depression and
anxiety symptoms, which is consistent with the finding
[19]
of previous studies . This may be because patients
with a high level of education have better awareness
of disease status and self-adjustment.
This study also showed that higher severity of
limited daily activities was associated with higher
detection rates of depression and anxiety symptoms,
[30]
which is consistent with the findings of Ji et al . The
underlying reasons are that patients with limited daily
activities have a lower degree of independence, are
often reliant on their families, and tend to develop
feelings of guilt, self-abasement, self-blame and
frustration, which can result in the occurrence of
depression and anxiety.
We also found that patients with a lower BMI
had higher detection rates of depression and anxiety
[31]
symptoms. Janssen et al also discovered that depre
ssion and anxiety symptoms were more common in
patients with a lower BMI. Since patients with a lower
BMI tend to have poorer digestion and absorption, the
related somatic symptoms may be more serious. In
addition, patients with poor sleep quality had higher
detection rates of depression and anxiety symptoms,
[32]
which is consistent with the finding of Hong et al
that sleep disorders are significantly associated with
depression and anxiety.
In summary, the detection rates of depression and

Distribution of chronic digestive system disease
patients with depression and anxiety symptoms

With regard to the type of diseases, patients with
digestive system tumors had the highest detection
rates of depression and anxiety symptoms, followed
by patients with liver cirrhosis. This may be because
these two types of diseases are more severe and
cause greater psychological and economic burden for
patients.
The detection rates of depression and anxiety
symptoms in patients with functional dyspepsia
were 34.36% and 25.55%, respectively, which
[21]
were comparable to those reported by Li et al .
Our results also showed that the detection rates of
depression and anxiety symptoms were higher in
patients with hypertension or diabetes than in those
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of these patients.

anxiety symptoms are high in patients with chronic
digestive system diseases, especially in patients with
digestive system tumors, liver cirrhosis, functional
dyspepsia, and chronic viral hepatitis. Elderly patients,
divorced/widowed patients, patients with a low
degree of education, limited daily activities, poor
sleep quality, or a lower BMI are at higher risk for
depression and anxiety symptoms. Depression and
anxiety can not only lower the quality of life but also
affect the therapeutic effects on somatic diseases.
Comprehensive measures, including psychological
counseling, healthy eating and sleeping habits, active
exercise, and anti-depressive therapy, can improve
quality of life and therapeutic efficacy, and are safe.
However, there is an ongoing clinical problem:
although many studies have found that the incidence
of depression and anxiety is high in patients of
departments of gastroenterology, the diagnosis and
treatment rates are low. The extent of the impact
of these factors requires further study. Gastroen
terologists are encouraged to pay more attention
to the psychological status of patients in their daily
clinical activities, and hospitals should strengthen
the training of non-psychiatric physicians to improve
their diagnostic and therapeutic skills for depression
and anxiety in order to promote early recognition
of these psychological conditions. In addition, there
remains a need for further study on how to develop
more effective comprehensive treatments, such as
psychological counseling, life style guidance, and drug
intervention, in gastroenterology departments in order
to improve therapeutic efficacy, shorten therapeutic
duration, and reduce therapeutic costs.

Peer-review

In this manuscript, the authors investigated the prevalence of depression and
anxiety in patients with chronic digestive system diseases. They provide a basis
for identifying patients with chronic digestive system diseases at higher risk of
anxiety and depression, and this will help determine targeted interventions and
improve the prognosis and quality of life of these patients.
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Abstract
Patients with advanced hepatocellular carcinoma (HCC)
showing portal vein tumor thrombosis (PVTT) have
an extremely poor prognosis. According to treatment
guidelines, the only option for HCC patients with
PVTT is sorafenib chemotherapy. However, in Asia,
various treatments have been attempted and possible
prolongation of overall survival has been repeatedly
reported. We herein report the first case of a patient
with an initially unresectable advanced HCC with PVTT
who underwent curative hepatectomy after sorafenib
and transcatheter arterial chemoembolization (TACE)
showing complete histological response. Two months
after induction with sorafenib, a significant decrease
in serum alpha-fetoprotein level was observed and
computed tomography imaging showed a significant
decrease in tumor size. Because of remaining PVTT,
TACE and curative resection were performed. The
combination of sorafenib and TACE may be an effective
treatment for HCC patients with PVTT.
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showing early enhancement in the arterial phase and
wash-out in the late phase together with PVTT limited
to the first-order branch and invading the right portal
vein (Figure 1). Right hepatectomy was considered
to be necessary for curative resection. Although the
patient’s liver function was Child-Pugh A, the pa
tient’s indocyanine green retention rate at 15 min was
21% (normal range; < 10%) and right hepatectomy
was considered to be intolerable according to our
[6]
institutional criteria . Therefore, sorafenib was orally
administered twice daily at a dose of 800 mg. During
sorafenib treatment, the patient have no adverse
event. Two months later, a significant decrease in
serum AFP level was observed (195 ng/mL) (Figure 2).
The CT scan showed a significant decrease in tumor
size (3 cm); however, PVTT remained in the right portal
vein (Figure 3). Four months later, serum AFP level
decreased to within normal range (4.5 mg/mL), and
14 months later, CT scan revealed the residual PVTT
in right portal vein (Figure 4). Portography revealed
filling defect in S8 and digital subtraction ateriography
showed irregular shaped tumor stain. Thus TACE was
performed with 30 mg of mirpulatin, 3 mL of lipiodol
and gelatin sponge particle (Figure 5), followed by
right paramedian sectionectomy. During the operation,
neither the main tumor nor the PVTT was identified
through intraoperative ultrasound. The operation time
was 318 min and the estimated blood loss was 762
mL. The patient’s postoperative course was uneventful,
and he was discharged from hospital on postoperative
day 11. Pathological examination revealed complete
necrosis without viable tumor cells both in the scar of
PVTT and the main tumor. To date, no recurrence has
been observed after 12 mo of follow-up.

Core tip: Patients with advanced hepatocellular
carcinoma (HCC) showing portal vein tumor thrombosis
(PVTT) have an extremely poor prognosis. The only
proposed treatment option for HCC patients with
PVTT is sorafenib chemotherapy. However, in Asia,
various treatments have been attempted and possible
prolongation of overall survival has been repeatedly
reported. Here we report the first case of a patient
with an initially unresectable advanced HCC and
PVTT who underwent curative hepatectomy after
sorafenib and transcatheter arterial chemoembolization
(TACE) showing complete histological response. The
combination of sorafenib and TACE may be an effective
treatment for HCC patients with PVTT.
Takano M, Kokudo T, Miyazaki Y, Kageyama Y, Takahashi A,
Amikura K, Sakamoto H. Complete response with sorafenib
and transcatheter arterial chemoembolization in unresectable
hepatocellular carcinoma. World J Gastroenterol 2016;
22(42): 9445-9450 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i42/9445.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i42.9445

INTRODUCTION
Patients with advanced hepatocellular carcinoma (HCC)
showing portal vein tumor thrombosis (PVTT) have an
[1,2]
extremely poor prognosis . The median survival of
untreated HCC with PVTT has been reported to be 2.7-6
[2,3]
mo . According to the American Association for the
Study of the Liver Disease/Barcelona Clinic for Liver
Cancer Staging System and treatment guidelines, the
only proposed treatment option for HCC patients with
[4]
PVTT is sorafenib chemotherapy . In Asia, various
treatments including hepatectomy and transcatheter
arterial chemoembolization (TACE) have been
attempted and possible prolongation of overall survival
[5]
(OS) has been repeatedly reported . We herein report
the first case of a patient with an initially unresectable
advanced HCC with PVTT who underwent curative
hepatectomy after sorafenib and TACE, showing
complete histological response.

DISCUSSION
Sorafenib has been reported to prolong survival in
patients with unresectable or advanced HCC; however,
complete response (CR) was not achieved in these
[4,7,8]
reports
. In Asian countries, including Japan, liver
resection and TACE have been reported to improve
the prognosis of patients with HCC with PVTT. In the
presence of PVTT, TACE is theoretically contraindicated
in Western countries because of the potential risk
of hepatic insufficiency that results from ischemia
following TACE. However, recent studies demonstrate
that TACE can be safely performed in the presence of
adequate collateral circulation around the occluded
[9,10]
portal vein
. A median OS period after treatment
with TACE was reported to be 5.6-16.5 mo in patients
[11-13]
with HCC accompanied by PVTT
. A median OS
period after treatment with surgery was reported to
[14-16]
[16]
be 6-19.9 mo
. Furthermore, Minagawa et al
reported a high survival rate in these patients with the
combination of TACE followed by hepatic resection. In
the very recent paper, liver resection is associated with
[13]
prolongation of overall survival of HCC with PVTT .

CASE REPORT
A 67-year-old man was diagnosed with HCC through
abdominal ultrasound during examination for elevated
liver enzymes by his family doctor and was referred
to our hospital. The patient had no history of alcohol
abuse, hepatitis B or C infection. Serum α-fetoprotein
(AFP) level and protein induced by vitamin K absence
or antagonist-II level were 1736 ng/mL (normal range:
< 10 ng/mL) and 15388 mAU/mL (normal range: < 40
mAU/mL), respectively. Contrast-enhanced computed
tomography (CT) scan revealed the presence of an
8.7 cm × 6 cm tumor in the right paramedian sector,
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A

B

C

D

Figure 1 Contrast-enhanced computed tomography before sorafenib introduction. Heterogeneous hypervascularized tumor (A-C, arrow) in the right paramedian
sector, showing early enhancement in the arterial phase and wash-out in the late phase together with portal vein tumor thrombosis (D, arrow) limited to the first-order
branch and invading the right portal vein.
Sorafenib 800 mg/d

100000

AFP (ng/mL)
PIVKA-II (nAU/mL)

10000
TACE

OPERATION

1000
100
10
1

2 mo

4 mo

14 mo

Figure 2 Clinical course as assessed by tumor markers and therapeutic events. AFP: α-fetoprotein; PIVKA-II: Vitamin K absence or antagonist-II; TACE:
Transcatheter arterial chemoembolization.
[19-27]

Thus, TACE and surgery are the common choices
of the treatment for HCC in Japan. Anticoagulants
(e.g., low molecular weight heparin, warfarin and oral
anticoagulant) has been reported to be effective for
[17]
portal vein thrombosis . However, evidence is limited
concerning the effect of anticoagulants other than anticancer treatment for PVTT. After treatment of HCC
with PVTT with sorafenib, an OS period of 6.2-12.3 mo
[13,18]
has been reported
. Although CR after sorafenib
treatment is rare, to the best of our knowledge, 10
cases of HCC patients with PVTT who achieved CR after
treatments including sorafenib have been reported

WJG|www.wjgnet.com

(Table 1)
. Four of the 10 cases underwent hepa
tectomy and had confirmed histological CR. Five of the
10 cases only underwent sorafenib treatment, and the
other cases had other combined treatment modalities.
The median time to normalized level of serum AFP
was 4.5 mo (range, 2.75-6.5 mo). The median time
to CR is 8 mo (range, 6-16.5 mo). All cases including
ours, showed disappearance of the main tumor and
PVTT. We herein report the first case of histologically
confirmed CR of HCC with PVTT after sorafenib and
TACE. Combination of sorafenib and TACE may be an
effective treatment for HCC patients with PVTT.
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A

B

C

Figure 3 Two months after sorafenib induction. Computed tomography showed the significantly decrease in size (3 cm) and hypervascularization (A and B, arrow),
and portal vein tumor thrombosis remained in the second-order branch of portal vein (C, arrow).

A

B

C

D

Figure 4 Fourteen months after sorafenib induction. Computed tomography revealed the tumor disappearance (A and B, arrow) and the residual portal vein tumor
thrombosis (C and D, arrow) in the right anterior portal vein.

A

B

C

Figure 5 Angiography 14 mo after sorafenib induction. A: Portography revealed filling defect in S8 (arrow); B: Digital subtraction arteriography showed irregular
shaped tumor stain (arrow); C: Transcatheter arterial chemoembolization was performed with 30 mg of mirpulatin, 3 mL of lipiodol and gelatin sponge particle.
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Table 1 Cases of hepatocellular carcinoma patients with portal vein tumor thrombosis who achieved complete response in the
literature
Age

Sex

Etiology

Extrahepatic
metastasis

Pre-AFP Post-AFP

Sorafenib dose

Duration Time to Resection Other therapy Follow-up
(mo)
CR (mo)
period (mo)

54
83

Male
Male

Hepatitis C
None

Lung
Lung

52347
41948

30.2
W.N.L.

800-400
800-400-200-100

5
34

5
8

+
-

59

Male

Hemochromatosis

866

W.N.L.

800

6

6

57
74
84
69
74
68
48
67

Male
Male
ND
Male
Male
Male
Male
Male

Hepatitis B
Hepatitis C
Hepatitis C
Hepatitis C
None
Hepatitis C
Hepatitis C
None

Little
omentum LN
None
ND
None
None
ND
Dissemination
None
None

17000
3300
353
n.d.
33058
4773
135835
3385

W.N.L.
W.N.L.
W.N.L.
ND
2
45.7
W.N.L.
W.N.L.

800-400
400
800
800-400-200
800-400-200
800-400
800
800

12
8
12
62
19
28
9
14

12
8
6
23
19
24
4
14

14
34

+

EBRT
TACE RFA
HAI
None

+
+
+

None
None
None
None
None
None
None
TACE

12
24
12
62
19
40
31
26

16

AFP: α-fetoprotein; CR: Complete response; LN: Lymph node; W.N.L.: Within normal limit; EBRT: External beam radiotherapy; TACE: Transcatheter
arterial chemoembolization; RFA: Radiofrequency ablation; HAI: Hepatic arterial infusion chemotherapy; ND: Not described.

Term explanation

COMMENTS
COMMENTS

Portal vein tumor thrombosis is a form of venous thrombosis affecting the
hepatic portal vein, caused by tumor invasion.

Case characteristics

A 67-year-old man had no symptom.

Experiences and lessons

Clinical diagnosis

This case report presents a new choice of treatment for advanced
hepatocellular carcinoma accompanying with portal vein tumor thrombosis.
Combination of sorafenib and transcatheter arterial chemoembolization may be
an effective treatment for HCC patients with portal vein tumor thrombosis.

On physical examination, he had a palpable mass in right upper quadrant of the
abdomen.

Differential diagnosis

Peer-review

Hepatocellular carcinoma, metastatic liver tumor, intrahepatic cholangiocarcinoma,
malignant lymphoma and liver hemangioma.

The authors have described a case of advanced hepatocellular carcinoma with
portal vein thrombosis that showed complete response after sorafenib and
transcatheter arterial chemoembolization. The article provides another choice
of treatment for advanced hepatocellular carcinoma.

Laboratory diagnosis

The patient have elevated hematological value for alkaline phosphatase
(316 IU/L), Glutamic-oxaloacetic transaminase (80 IU/L), glutamic pyruvic
transaminase (89 IU/L), γ-glutamyltranspeptidase (338 IU/L), α-fetoprotein
(1736.3 ng/mL), protein induced by vitamin K absence or antagonist-II (15388
mAU/mL).
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III

Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

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

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

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

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

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
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EDITORIAL

Possible therapeutic role of IgE blockade in irritable bowel
syndrome
Eli Magen, Tinatin Chikovani

Abstract

Eli Magen, Medicine C Department, Allergy and Clinical
Immunology Unit, Barzilai Medical Center, Ben Gurion
University of Negev, Ashkelon 78100, Israel

Omalizumab is a humanized monoclonal antibody
that binds to the high-affinity type-I IgE Fc receptors
on mast cells (MCs) and basophils, inhibiting the IgE
immune pathway. Irritable bowel syndrome (IBS) is
the most common functional gastrointestinal disorder,
and dysregulation of the immune system likely
contributes to its etiology and/or symptomatology.
Colonic biopsies from patients with IBS demonstrate
considerable increase in the number of degranulating
MCs releasing histamine in proximity to nerves, and
this event may underlie the common IBS symptom of
abdominal pain. Pharmacologic control of MC activation
and mediator release is a current area of active interest
in the field of IBS research. Recently, we and Pearson
et al described 2 cases of patients with IBS with
diarrhea (IBS-D) showing positive clinical response to
omalizumab. In both cases, the female patients had
severe, long-lasting IBS-D and achieved an almost
complete resolution of IBS symptoms. Both patients
were also able to discontinue all IBS medications after
commencing the anti-IgE therapy. For both patients,
the omalizumab treatment showed a relatively rapid
onset of action, resembling the efficacy observed
in and previously reported for patients with chronic
spontaneous urticaria. In this Editorial, we discuss the
possible biological mechanisms that may underlie the
clinical efficacy of omalizumab in IBS. We suggest that
there is a need for a well-designed prospective study to
investigate the therapeutic effects of anti-IgE in IBS.
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Another hypothesis is that immune response to
food antigens may be responsible for development
[8]
of the low-grade inflammation associated with IBS .
However, reports have indicated that most cases of
IBS test negative for type 1 IgE-mediated food allergyrelated serum-specific IgE (measured by skin prick
[9,10]
and radioallegosorbent test)
; nevertheless, the
studies yielding these findings have been based on
questionnaires that otherwise indicated an increased
prevalence of several forms of food intolerance and
atopic diseases amongst the IBS patients investigated.

Core tip: Irritable bowel syndrome (IBS) is the most
common functional gastrointestinal disorder diagnosed.
A growing body of research suggests that mast cells
(MCs) releasing histamine in the colonic mucosa might
contribute to the etiology and/or symptomatology
of IBS. Blockade of the high-affinity type-Ⅰ IgE Fc
receptors on MCs by omalizumab has been observed as
an effective therapy in 2 patients with IBS. We suggest
that anti-IgE antibody therapy might be an attractive
therapeutic option for functional bowel disorders.
Magen E, Chikovani T. Possible therapeutic role of IgE blockade
in irritable bowel syndrome. World J Gastroenterol 2016;
22(43): 9451-9456 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i43/9451.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i43.9451

IBS as an inflammatory disease involving MCs

Histological as well as serological studies of patients
with IBS have demonstrated that low-grade inflam
mation is a common presentation, along with increased
numbers of MCs and increased activation of MCs in
[5,11-15]
the luminal mucosa
. Other studies have shown a
correlation between the density of MCs in the luminal
[14,16]
mucosa and the severity of abdominal pain in IBS
.
Therefore, it is generally accepted that infiltration
of colonic MCs and their release of inflammatory
mediators in proximity to the mucosal innervation
could contribute to the perception of abdominal pain in
[14]
IBS .
In patients with IBS-D, activation of MCs in the
colonic mucosa has been shown to lead to raised
levels of gut hormones, vasoactive intestinal peptide
and substance P, ultimately causing the diarrheal
[17]
condition . Since histamine-mediated activation of
its cognate H1, H2, H3 and H4 receptors can activate
immune-neural signaling in the gut, these receptors
represent promising drug targets for treatment of
[18]
functional gut disorders . In a prospective ran
domized study of IBS patients, the H1 antagonist
ketotifen was found to significantly decrease abdominal
[19]
pain and other IBS symptoms . In addition, “intention
to treat” pilot studies using other MC stabilizing drugs
[20]
have provided encouraging clinical results .
Degranulated MCs release several immune media
tors, such as histamine, tryptase and prostaglandins, all
of which influence enteric afferents through proteinase[21]
activated receptors . Thus, several pharmacological
agents are under development to target MC deve
lopment, maturation, homing and activation, and
some have already shown encouraging results in IBS
[22-25]
patients
.

INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorder, diagnosed in up
to 15% of the worldwide population; yet, the under
[1]
lying pathophysiology remains poorly understood .
According to the Rome Ⅲ criteria, IBS is generally
subtyped in relation to the domination of bowel habits,
and includes IBS with constipation (IBS-C), IBS with
diarrhea (IBS-D), mixed IBS with both constipation and
[1]
diarrhea, and IBS without constipation or diarrhea .
The etiology of IBS appears to be multifactorial,
and no single therapeutic option has yet provided
a satisfactory efficacy; consequently, IBS patients
commonly express a high level of dissatisfaction with
[2]
their current therapies .
Stress in early life is now considered an important
etiologic factor of IBS, as it has been suggested to
promote higher visceral hypersensitivity and anxiety[3]
like behaviors . Early-life stress has also been de
monstrated to be related to neuroendocrine-immune
alterations in childhood, suggesting its ability to trigger
inflammatory immune processes and place a child at
[3]
risk for developing inflammatory diseases . Moreover,
stressful events have been shown to exacerbate
symptoms of IBS in adults, thereby decreasing visceral
[4]
pain thresholds and mucosal barrier function .
One current hypothesis of the IBS pathophysiology
is that IBS represents a disruption of the “braingut axis”, in which early-life stress and psychiatric
comorbidity stimulate low-grade inflammation and
[5]
mast cell (MC) infiltration into the bowel . The lowgrade inflammation in IBS can further activate the
[6]
hypothalamic-pituitary-adrenal axis and may trigger
elevations in the inflammatory cytokines [such as
interleukin (IL)-6 and IL-1β, as well as tumor necrosis
factor-alpha (TNFα)], despite the absence of visible
signs of inflammation-triggering conditions, such as
[7]
infection or wounds (i.e., ulceration) in the gut .

WJG|www.wjgnet.com

IBS and food hypersensitivity

While patients with IBS often relate their symptoms to
food, a much smaller portion have been diagnosed with
food hypersensitivity and have shown improvement
[26]
on a food-elimination diet . Foods frequently
reported to provoke IBS symptoms include wheat/
grains, milk products, spicy foods, coffee, vegetables,
[27,28]
fatty foods and alcohol
. Nevertheless, no direct
evidence has been reported in the publicly available
literature to advocate that IgE-mediated type I allergic
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reactions to food antigens play a bona fide role in the
[29]
pathophysiology of IBS .
Comparative studies of patients with IBS and heal
thy controls have found no differences in results of skin
prick tests and immuno-detection of serum-specific IgE
[30]
antibodies to food antigens . Studies to determine
the role, if any, of IgG/IgG4-mediated hypersensitivity
[26,31]
in IBS have also been inconclusive
. However,
colonoscopic allergen provocation test disclosed positive
reactions to specific food antigens in most of patients
[32]
with IBS who were tested . It is generally accepted,
however, that foods can evoke symptom-onset in IBS
patients via immune activation or/and altered neuro[31]
endocrine responses .
Patients with self-reported food hypersensitivity
have been found to have a high prevalence of IBS
and atopic disease, along with elevated counts of IgE[33]
positive cells in the duodenal mucosa . The pattern
of delayed immune reaction to several different foods
has been described previously in patients with food
[34]
intolerance . It is possible, for this reason, that serum
total and food allergen-specific IgE antibodies assays
have a low diagnostic sensitivity in patients with IBS
[35]
and IBS-like symptoms .
Dietary interventions as a treatment strategy for
IBS include dietary restriction of fermentable oligo-, diand monosaccharides and polyols (FODMAPs) which
are incompletely absorbed in the small intestine and
later fermented in the colon. Although low-FODMAP
diets have shown clinical efficacy in achieving symptom
[36]
reduction for some IBS patients , several trials
have also shown that these diets are associated with
marked reduction in beneficial microbiota (i.e., gut flora
[37]
with prebiotic properties) . Moreover, several metaanalyses of food elimination-based clinical interventions
[38]
have been unable to detect beneficial effects , and
dietary therapy of IBS remains a controversial area.

IgE and inhibits the IgE immune pathway on MCs
and basophils, without causing sensitization of these
[43]
cells . This biologic has been licensed for use in
severe allergic asthma and in severe antihistamineresistant chronic spontaneous urticaria, and numerous
clinical trials have shown encouraging results sug
gesting its clinical efficacy in several other allergic
[44]
and autoimmune diseases . The evidence indicating
MC involvement in IBS pathogenesis suggests the
therapeutic potential of anti-IgE antibodies in this
disease in particular.

Clinical evidence of anti-IgE therapeutic efficacy in IBS

There is a lacuna in the literature of studies examining
a direct link between IgE and IBS. No clinical studies
have been reported that investigate the potential
[45]
efficacy of anti-IgE therapy in IBS. However, we
[46]
and Pearson et al
recently reported on two
cases of positive clinical response to omalizumab
in patients with IBS-D and concomitant chronic
spontaneous urticaria and asthma, respectively. In
both cases, female patients with severe, long-lasting
IBS-D experienced an almost complete resolution
of IBS symptoms and were able to discontinue all
IBS medications after commencing the anti-IgE
therapy. In both of these patients, the omalizumab
therapy induced a relatively rapid onset of action that
resembled the efficacy reported for it previously in
[47]
patients with chronic spontaneous urticaria . This
finding, however, is very different from the onset
of action reported for asthmatic patients, in whom
the optimal benefit of omalizumab (with respect to
[48]
symptoms) takes 12-16 wk .
Based on these two case reports, we suggest that
the role of IgE and anti-IgE therapy in IBS is worthy of
further consideration. However - despite the impressive
clinical success of omalizumab therapy that was
achieved in the 2 patients with IBS-D cited above - it is
very hard to make a generalized conclusion about the
overall efficacy of anti-IgE therapy in IBS. To evaluate
the role of an anti-IgE biologic-based approach for the
treatment of refractory IBS, experimental prospective
studies are needed on large numbers of patients with
different clinical forms of IBS.

Prevalence of asthma and urticaria in patients with IBS

Several epidemiological studies have demonstrated
associations of atopy and asthma with functional
[9,39-42]
gastrointestinal disorders
. Thus, it has been
theorized that the shared pathophysiology between
IBS and asthma may underlie the association between
these two disorders, and a causal relationship may not
exist.
There is limited data regarding the prevalence of
urticaria in IBS. Recently, we found a strong association
between IBS and chronic urticaria in a cross-sectional
study of a large cohort (11271 patients; manuscript in
press), although the pathophysiologic aspects of this
association remain largely unknown.

Potential mechanisms of anti-IgE therapy in IBS

Along with the consideration of anti-IgE therapy for
IBS, the consideration of how it would exert beneficial
effects on such patients is necessary. The mechanisms
whereby omalizumab could improve IBS symptoms
are currently uncertain. IgE production occurs pre
[49]
dominantly at mucosal surfaces . IgE activation of
mucosal MCs may regulate both the mucosal barrier
[50]
and the composition of the luminal microbiota .
Generally, MC-derived proteases contribute to the
immune deviation towards Th2 polarization, through
[51]
the expression of Th2 cytokines . Food allergens
likewise induce a shift toward Th2 immunity and

Omalizumab

Omalizumab is a recombinant humanized IgG1
monoclonal antibody that binds to the IgE CH3 domain
that lies near the binding site for the high-affinity
type-Ⅰ IgE Fc receptors. This binding neutralizes free
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[52]

sensitize the MCs by binding to their FceRI receptors .
Monomeric IgE can enhance MC activity and mediator
[53]
release . Sensitization of MCs with monoclonal
IgE stimulates up-regulation of genes encoding the
inflammatory cytokines, chemokines, cytokine and
chemokine receptors, adhesion molecules, anti[52]
apoptosis proteins and cytoskeletal elements .
Moreover, it has been shown that a human monoclonal
IgE can stimulate MCs to produce histamine-releasing
[54]
factor . Omalizumab, itself, has been shown to
sequester monomeric IgE, thereby reducing its priming
[53]
effect on MCs .
Humanized anti-IgE monoclonal antibodies re
present a new class of MC stabilizing agents, downregulating FceRI density on MCs and preventing their
activation by IgE and subsequent mediator release. As
MC activation and subsequent mediator release cause
major IBS symptoms, pharmacological targeting of
MCs by anti-IgE agents may provide an additional tool
for the management of IBS.

3

4
5

6

7

CONCLUSION

8

IBS is the most common functional gastrointestinal
disorder diagnosed worldwide, and dysregulation of the
immune system most likely contributes to its etiology
and/or symptomatology. In elegant experiments
employing colonic biopsy samples from patients
[14,16]
with IBS, Barbara et al
observed a substantial
increase in the number of degranulating MCs releasing
histamine in proximity to nerves that are correlated
with abdominal pain in IBS. The role of therapeutic MC
blockade, and in particular of the subsequent histamine
release, in IBS is now an area of active research. While
at present only one anti-IgE biological (omalizumab)
is licensed, there is an expectation that more antiIgE medications will enter the market soon. However,
these medications are incredibly costly, partially due
to their infancy in the overall pharmaceutical market
and clinical care settings. Yet, these medications have
shown promising initial results in a subset of IBS
patients; although, as of yet, we do not understand
the underlying pathophysiology. Unfortunately, antiIgE therapy is not yet a bona fide treatment option,
and it remains unknown whether it will eventually
prove feasible in all patients with IBS. Those patients
with atopy (and elevated serum IgE levels) may derive
the most benefit from these medications. On the basis
of the assessment provided herein, we suggest that
further studies are needed to investigate effects of
anti-IgE therapy in IBS.
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Immune checkpoint therapy for pancreatic cancer
Henrik Johansson, Roland Andersson, Monika Bauden, Sarah Hammes, Stefan Holdenrieder, Daniel Ansari
cancer. Immunotherapy with immune checkpoint
inhibition has shown effect in other solid tumors, and
could have a place in pancreatic cancer treatment.
Most available clinical studies on immune checkpoint
inhibitors for pancreatic cancer are not yet completed
and are still recruiting patients. Among the completed
trials, there have been findings of a preliminary nature
such as delayed disease progression and enhanced
overall survival after treatment with immune checkpoint
inhibitors in mono- or combination therapy. However,
due to small sample sizes, major results are not yet
identifiable. The present article provides a clinical
overview of immune checkpoint inhibition in pancreatic
cancer. PubMed, ClinicalTrials.gov and American
Society of Clinical Oncology’s meeting abstracts were
systematically searched for relevant clinical studies.
Four articles, five abstracts and 25 clinical trials were
identified and analyzed in detail.
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Core tip: Immunotherapy is a rapidly expanding field
within pancreatic cancer research. Here we summarize
the effectiveness of immune checkpoint inhibition in
the treatment of pancreatic cancer, focusing on the
anti-tumor response and toxicity of drugs targeting
cytotoxic T lymphocyte antigen 4, programmed cell
death 1 and programmed cell death ligand 1. Based on
the results from small series it appears that immune
checkpoint inhibitors may be safe and effective, but
still little published evidence is available to prove or
disprove the clinical benefit of these drugs in patients
with pancreatic cancer. Several well-designed clinical
trials are ongoing and the results from these trials are
eagerly awaited.
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cells, such as regulatory T cells (Tregs), myeloidderived suppressive cells (MDSCs), tumor-associated
macrophages (TAMs), transmitting cancer-inflammatory
signals that hinder the immunologic cell activity of
[1,4]
cytotoxic T cells (CTLs) and natural killer cells (NKs) .
On another level, the tumor cells avoid detection,
in several ways: by the use of immunosuppressive
factor secretion, such as interleukin (IL)-10, vascular
endothelial growth factor, downregulation of major
histocompatibility complex (MHC) class I presentation
and using contact-dependent factors, such as immune
checkpoint molecules, resulting in immunosuppression
[1,4]
and tumor progression . PDA has been considered a
non-immunogenic cancer. However, four subtypes of
PDA were recently reported. One subtype, containing
upregulated immune networks with tumor infiltrating
+
+
cells (TILs) including CD4 and CD8 T-cells and
immune checkpoint molecule expression in its tumor
[8]
microenvironment, was defined as immunogenic .
The existing treatment modalities, including
surgical resection and conventional chemotherapies,
prolong survival but fail to cure the disease. New novel
[4,6]
treatment modalities are needed . Immunotherapy
with immune checkpoint inhibition has shown effect
in other solid tumors. It could also have a place
in PDA treatment. This review aims to discuss the
current development status of and future challenges
in utilizing immune checkpoint inhibitors for PDA, with
focus on cytotoxic T lymphocyte antigen 4 (CTLA-4),
programmed cell death 1 (PD-1) and programmed cell
death ligand 1 (PD-L1), three immune checkpoints
with current clinical information.

URL: http://www.wjgnet.com/1007-9327/full/v22/i43/9457.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i43.9457

INTRODUCTION
The human immune system is an elaborative bio
logical system of cellular interactions, structures and
processes that have been evolved to protect the body
from foreign substances. In diseases such as cancer,
understanding the role of the immune system in
disease development and progression has resulted in
important insights.
Recent research attempts aimed at utilizing the
immune system for cancer therapy have shown
promising results in cancer elimination. It is now
known that the innate and the adaptive immune
system recognizes tumor-specific antigens such as
neoantigens (derivatives associated with carcinogenesis
mutation) and oncogenic virus derivatives, in order to
act against cancers in a process referred to as tumor
[1]
immune surveillance . However, the tumor modifies
the human immune system to avoid detection, both
locally and systematically. A novel insight in addressing
the challenge has been found in the concept of
immune checkpoints.
An integral function of the immune system is its
ability to differentiate between self and non-self. For
this purpose the immune system depends on multiple
“checkpoints”, which are molecules on certain immune
cells that need to be activated or inactivated to start an
immune reaction. Tumor cells often take advantage of
these checkpoints to avoid being detected and attacked
by the immune system. Checkpoint inhibitors have been
[2]
investigated as a novel mode of cancer treatment .
Immunotherapy is a treatment modality that en
compasses a wide and varied range of techniques.
In cancer related cases, these often consist of the
use of vaccines, cytokines and monoclonal antibodies
that stimulate the human immune system in general
or target specific cells. The potential benefits with
immunotherapy, compared to other approaches, is
its ability to detect specific tumor cells, creating a
durable response and a much better survival-prognosis
[3]
in cancer patients . Unfortunately, it has been a
therapy with little success in solid tumors, especially in
[4]
pancreatic ductal adenocarcinoma (PDA) .
PDA is a highly aggressive malignancy, characterized
[5]
by delayed diagnosis and treatment resistance . At
the time of clinical detection, most cancers are either
locally advanced, or metastatic, i.e., ineligible for
surgical resection and with a five-year survival in the
[6]
single digits . One of the reasons for the poor effect of
treatment is the ability of PDA to evade host immune
[1,7]
surveillance . The tumor microenvironment of PDA
is composed of a dense fibrotic stroma of extracellular
[6]
matrix components and a variety of inflammatory cells .
On one level, there are infiltrating immunosuppressive

WJG|www.wjgnet.com

LITERATURE SEARCH
A systematic literature search on immune checkpoint
therapy of pancreatic ductal adenocarcinoma was
conducted. Results of articles, abstracts and clinical
trials from the United States National Library of
Medicine’s PubMed database, from American Society
of Clinical Oncology’s (ASCO) Gastrointestinal Cancers
Symposiums and from the United States National
Institutes of Health Clinical Trials were obtained. The
search was conducted in March 2016. Articles were
found through the mesh-term “Carcinoma, Pancreatic
Ductal”, combined with “immune checkpoint therapy”;
the mesh-term “Pancreatic Neoplasms”, combined
with “immune checkpoint therapy”, “Ipilimumab”,
“CTLA 4”, “PD-L1”, “PD-1”; the mesh-term “Carcinoma,
Pancreatic Ductal/therapy” combined with the meshterm “Carcinoma, Pancreatic Ductal/immunology”; the
term “pancreatic neoplasm” and “pancreas cancer”
were both combined with “Immune therapy”; the term
“pancreatic cancer” was combined with “Ipilimumab”,
“anti PDL1”, “anti PD1”, “anti CTLA4” and further
restricted to studies based on humans and to articles
published in English. The Boolean operator “AND”
was used throughout the whole search. Additional
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Records identified through PubMed (n = 1250)
Additional records identified through ClinicalTrials.gov (n = 1837)
Additional records identified through ASCO (n = 10)

Records screened after duplicates removed
(n = 3086)

Records excluded based
on the titles/abstracts
(n = 3001)

Records identified by
manually cross-checking
references of relevant
articles (n = 1)

Studies assessed for
eligibility
(n = 86)

Full-text articles excluded,

e.g. , review, duplication of
data, not relevant
(n = 52)

Studies included
PubMed, n = 4
Clinical Trials, n = 25
ASCO, n = 5

Figure 1 Flow diagram of article selection. ASCO: American Society of Clinical Oncology’s.

articles were retrieved by manually cross-checking
bibliographies of relevant articles. The search strategy
is shown in Figure 1. Abstracts from Multidisciplinary
Treatment, Translational Research of Cancer of the
Pancreas, Small Bowel and Hepatobiliary Tract from
the 2009-2016 Gastrointestinal Cancer Symposium
were studied. Ongoing or completed clinical trials based
on the question formulation were found through the
condition: “Pancreatic Neoplasms”. Identified duplicates
of the same study, when searched in the different
databases, were removed. One reviewer (Johansson
H) conducted the study selection and data extraction. A
second reviewer (Ansari D) independently checked data
for omissions or inaccuracies. Extracted information for
each study included study characteristics, intervention,
comparison, outcome and adverse events. The data
was tabulated and narratively synthesized.

database, three articles were selected and one
was further retrieved by manually cross-checking
bibliographies of relevant articles. In total, four articles
were included. An additional 1837 records were
identified through United States National Institutes
of Health Clinical Trials, resulting in another 25
references. Furthermore, five out of 10 abstracts from
“Multidisciplinary Treatment, Translational Research of
Cancer of the Pancreas, Small Bowel and Hepatobiliary
Tract” from the 2009-2016 Gastrointestinal Cancer
Symposiums met the criteria for this study and were
therefore selected. Results from clinical trials are
presented in Tables 1-3. Results from the meeting
abstracts and articles are presented in Tables 4 and 5,
respectively. An overview of the checkpoint molecules,
their potential expression and interaction and their
targeting drugs are presented in Figure 2.

RESULTS

CTLA-4

Out of 1250 identified search records in the PubMed

CTLA-4 is a molecule expressed and upregulated on
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9460

Tremelimumab
(CP-675/
CP-675,206)

Ipilimumab
(BMS-734016/
MDX-010)

Drug name

NA

Randomized

Randomized

Nonrandomized

2

1

1

Randomized

2

2

NA

Study design

1

Study
phase

Recruiting

Recruiting

Recruiting

PC, NSCLC,
BC, MM

PC, NSCLC,
HNSCC

PC

PC, BlC, BC

PC

Not recruiting
Recruiting

Recruiting

PC

Condition

Active

Status

Palliative

Palliative

Palliative

Palliative

Palliative

Palliative

Intervention

Metastatic

Metastatic

Locally
advanced

Metastatic

Metastatic

Locally
advanced
Metastatic
Metastatic

Cohort

30

108

130

77

92

28

Estimated
enrollment

+

+

+

+

[9,10]

Ipilimumab, Gemcitabine

Study Arm

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Adverse Response Survival
event

NCT02639026

NCT02301130

NCT02558894

NCT02527434

NCT01896869

NCT01473940

Ref.

activated CD4 , CD8 T cells and T-regulatory FOXP3 , CD4 , CD25 cells (Tregs)
. It is a member of the costimulatory B7 family of receptor signals (homolog to the
[11]
CD28 receptor) critical in regulation and development of T-cells in the adaptive immune response . Similar to CD-28, CTLA-4 binds to APCs ligands B7.1 (CD80) and B7.2
[12,13]
[13]
(CD86) after MHC-TCR binding in APC-T-cell-interaction
. CTLA-4 binds to these ligands competitively with a higher affinity than CD28 .
Triggering of CTLA-4 result in downregulation of immune response and maintaining of the peripheral resistance by inhibiting co-stimulation and dephosphorization
[14-16]
of the MHC-TCR-interaction. CTLA-4 does this through activation of protein phosphatases, PP2A and SHP-2 and removal of CD80 and CD86 ligands on APC surface
.
This is in contrast to its homologous Ig-member, CD-28, which potentiates immune response by T cell proliferation, activation, differentiation, cell migration and
[16-18]
preventing T cell apoptosis
.
[19]
The main function of the molecule is to suppress immune responses by Tregs and to downregulate effector T cells . This immunosuppressive function of CTLA-4 is
[20]
especially prominent in the tumor microenvironment of PDA .
Blockade of CTLA-4 has two contradictory effects. It can result in immune response progression with effector T cell enhancement, Treg depletion and consequent

+

Safety (MTD, DLT)

End point

Efficacy (RR, PFS, OS)
Safety (AE)
Ipilimumab, GVAX (Arm
A)
Efficacy (OS, PFS,
FOLFIRINOX (Arm B)
ORR, DoR)
NA
Safety
Tremelimumab (Arm A)
Efficacy (ORR, DoR,
Durvalumab (Arm B)
DCR, PFS, OS, BoR)
Tremelimumab,
Durvalumab (Arm C)
NA
Safety
Durvalumab (Arm A)
Efficacy (ORR, DoR,
Durvalimab,
DCR, PFS)
Tremelimumab (Arm B)
PK
Antidrug Antibody
Presence
NA
Safety (AE, DLT)
Durvalumab,
Mogamulizumab (Arm
A)
Tremelimumab,
Mogamulizumab (Arm B)
1 mg/kg
Safety (AE)
Durvalumab,
Efficacy
Tremelimumab,
Radiotherapy
3 mg/kg

DE

Dose

ORR: Overall response rate; DLT: Dose limiting toxicity; AE: Adverse event; MTD: Maximum tolerance dose; NA: Not available.

CTLA-4

Target
molecule

Table 1 Clinical trials on cytotoxic T lymphocyte antigen 4
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PD-1

Target
molecule

Nivolumab
(BMS-936558/
MDX-1106/
ONO-4538)

Drug name
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NonRecruiting PC, OC, BC,
randomized
CrC, RCC,
MM, PrC,
NSCLC

NonRecruiting PC, NSCLC,
randomized
CrC, MM,
HNSCC,
GBM

1

1

NonRecruiting PC, NSCLC,
randomized
RCC, CrC,
EC, UC

PC

Condition

1|2

Status

Randomized Recruiting

Study design

1|2

Study
phase

Table 2 Clinical trials on programmed cell death 1

Palliative

Palliative

Palliative

Neoadjuvant
Adjuvant

Intervention

Locally
advanced
Metastatic

Locally
advanced

Metastatic

Resectable

Cohort

300

270

49

50

Estimated
enrollment

End point

Study Arm

9461
PK

Tolerability

DE AM0010, Paclitaxel/
Docetaxel, Carboplatin/
Cisplatin (Arm B)
DE AM0010, FOLFOX, (Arm
C)
DE AM0010, gemcitabine/
nab-paclitaxel (Arm D)
DE AM0010, Capecitabine
(Arm E)
DE AM0010, Paclitaxel (Arm
F)
DE AM0010, Pazopanib (Arm
G)
DE AM0010, Pembrolizumab
(Arm H)
DE AM0010, Nivolumab
(Arm I)
DE AM0010, Gemcitabine/
carboplatin (Arm J)

Safety
Cy/GVAX ( Arm A)
Efficacy (IRAEs, Cy/GVAX, Nivolumab (Arm
OS, DFS)
B)
Median-[IL17A]
in Vaccineinduced Lymphoid
Aggregates
NA
Safety
Nivolumab, Temsirolimus
(Arm A)
Efficacy
Nivolumab, Irinotecan (Arm
B)
RD
Nivolumab, Irinotecan,
capecitabine (Arm C)
3 mg/kg
Safety (AE)
Phase 1a:
Efficacy (OS; mOS,
FPA008 (Arm A)
oyOS, DOR, PFS,
ORR; CR, PR)
Tolerability
FPA008, Nivolumab (Arm B)
RD
Phase 1b:
PK
MTD/RD FPA008,
Nivolumab
Immunogenicity
PDA biomarkers
3 mg/kg
Safety
DE AM0010 (Arm A)

3 mg/kg

Dose

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Adverse Response Survival
event

NCT02009449

NCT02526017

NCT02423954

NCT02451982

Ref.
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Pembrolizumab
(MK-3475/SCH
900475)

Active
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9462

Active
Not
recruiting

NA

NA

1|2

Recruiting

Recruiting

NonSuspended
randomized

1

2

NA

NonRecruiting
randomized

1

1

NonRecruiting
randomized

1|2

1|2

Randomized

2

Not
recruiting

Not
recruiting
Randomized Recruiting

NA

2

PC, ChC,
GeC, CrC

PC

PC, RC,
NSCLC,
BlC, ASN,
RCC, CC,
HCC,
BC, MM,
HNSCC,
Sarcoma
PC, ChC,
GeC, CrC,
HCC

PC

PC, SCLC,
OC, BC,
Sarcoma

PC

PC

PC

Palliative

Palliative

Palliative

Palliative

Palliative

Palliative

Neoadjuvant

Palliative

Palliative

Locally
advanced
Metastatic

Locally
advanced
Metastatic

Metastatic

Locally
advanced
Metastatic
Metastatic

Metastatic

Resectable
Borderline
resectable

Locally
advanced
Metastatic

Locally
advanced

128

9

290

12

50

90

56

76

54

Efficacy

Safety (IRAEs)
Efficacy (DMFS,
OS, LPFS)
Safety (TEAE)
ACP-196, Pembrolizumab
(Arm B)
Pembrolizumab,
Capecitabine, Radiotherapy

ACP-196 (Arm A)

Cy/GVAX, Pembrolizumab,
SBRT

DE

2 mg/kg

2 mg/kg

Efficacy (RR, PFS,
OS)

Efficacy (ORR,
PFS, OS)
Safety

Safety (DLT)

Safety
Efficacy

Pembrolizumab, mFOLFOX6,
Celecoxib

Pebrolizumab, Young
TIL, Aldesleukin,
Cyclophosphamide,
Fludarabine
Pembrolizumab, Reolysin,
Gemcitabine/Irinotecan/
Leucovorin with 5-FU

Safety (DLT)
Efficacy (DFS, OS,
RR)
[TILs]
2 mg/kg
Safety (AE)
Pembrolizumab, Gemcitabine
(Arm A)
Efficacy (ORR, OS, Pembrolizumab, Gemcitabine,
PFS)
Docetaxel (Arm B)
RD
Pembrolizumab, Gemcitabine,
Nab-paclitaxel (Arm C)
Pembrolizumab, Gemcitabine,
Vinorelbine (Arm D)
Pembrolizumab, Irinotecan
(Arm E)
Pembrolizumab, Liposomal,
Doxorubicin (Arm F)
200 mg
Safety
Pembrolizumab, Defactinib,
Gemcitabine
Efficacy
NA
Safety
Pembrolizumab, p53MVA
Efficacy (Clinical
Response)
Tolerability

200 mg

NA

200 mg

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

NCT02268825

NCT02620423

NCT01174121

NCT02432963

NCT02546531

NCT02331251

NCT02305186

NCT02362048

NCT02648282
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9463

1

2

Suspended

NonWithdrawn
randomized

NA

PC, OC,
BC, CC,
Sarcoma

PC

NonRecruiting PC, OC, BC,
randomized
CrC, RCC,
MM, PrC,
NSCLC

Palliative

Adjuvant

Palliative

NA

[19-21]

Resectable

Locally
advanced
Metastatic

0

29

300

DE

3 mg/kg

3 mg/kg

Safety
Efficacy (Median
DFS)
Safety
Efficacy

Pidilizumab, p53 Vaccine

DE AM0010, Paclitaxel/
Docetaxel, Carboplatin/
Cisplatin (Arm B)
DE AM0010, FOLFOX, (Arm
C)
DE AM0010, gemcitabine/
nab-paclitaxel (Arm D)
DE AM0010, Capecitabine
(Arm E)
DE AM0010, Paclitaxel (Arm
F)
DE AM0010, Pazopanib (Arm
G)
DE AM0010, Pembrolizumab
(Arm H)
DE AM0010, Nivolumab
(Arm I)
DE AM0010, Gemcitabine/
carboplatin (Arm J)
Pidilizumab, Gemcitabine

Tolerability

PK

DE AM0010 (Arm A)

Safety

NA

NA

NA

NA

NA

NA

NA

NA

NA

NCT01386502

NCT01313416

NCT02009449

Ipilimumab (BMS-734016, MDX-010) is a humanized monoclonal IgG1 immunoglobulin antibody, developed against CTLA-4-molecules on T cells. It binds to CTLA-4
[22]
and prevents T cell suppression by the inhibitory immune checkpoints, resulting in a cytotoxic T-lymphocyte antitumor-mediated immune response .
[23]
In PDA, a phase Ⅱ trial, of Ipilimumab was conducted by Royal et al
for 27 patients with locally advanced or metastatic disease. A 3 mg/kg single dosage was
administered each third week with 4 doses per course. It did not demonstrate any objective response according to the standard response evaluation criteria in solid
tumors (RECIST). However, delayed progression in one patient was noted with radiographic response in both the primary tumor and the metastatic tumors. Three
patients reported episodes of colitis, encephalitis, hypophysitis, grade 3-4 immune-related adverse events (irAEs), with one resulting in treatment-related death.
Preclinical data suggest synergetic effects of Ipilimumab when combined with “GVAX”; an immune response stimulating, granulocyte macrophage colony stimulating
[24]
factor (GM-CSF) gene transfected tumor-cell vaccine. In a two-armed, randomized, phase Ⅰ study of 30 patients with advanced PDA, Le et al reported greater overall
survival in patients treated with Ipilimumab and GVAX compared to patients treated with Ipilimumab alone. A 10 mg/kg single dosage of Ipilimumab was administered

Ipilimumab

tumor reduction. However, there is also a risk of autoimmunity development
.
Currently, two human anti-CTLA-4-antibodies, Ipilimumab and Tremelimumab have been approved for use in cancer treatment.

AE: Adverse event; NA: Not available.

Pidilizumab
(CT-011)

1
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Durvalumab
(MEDI4736)

Drug name

NA: Not available.

PD-L1

Target
molecule

Randomized Recruiting

2

9464

Nonrandomized

1

Recruiting

Randomized Recruiting

Recruiting

Recruiting

1

Nonrandomized

Nonrandomized

1

1|2

NA

2

Recruiting

Nonrandomized

Not
recruiting

Status

2

Study Study design
phase

PC, NSCLC,
BC, MM

PC, NSCLC,
HNSCC

PC

PC

PC, HNSCC,
MM, CrC,
BC, CEC

PC, BlC, BC

PC, GeC, OC,
NSCLC, BC,
RCC, CrC

Condition

Table 3 Clinical trials on programmed cell death ligand 1

Palliative

Palliative

Palliative

Palliative

Palliative

Palliative

Palliative

Intervention

Metastatic

Metastatic

Locally
advanced

Metastatic

Metastatic

Locally
advanced
Metastatic

Metastatic

Metastatic

Cohort

30

108

26

130

40

77

136

Estimated
enrollment

End point

Study Arm

750 mg > 30
Safety Efficacy
Durvalumab
kg,
(ORR, PFS, OS)
10 mg/kg < 30
kg
NA
Safety
Tremelimumab (Arm
A)
Efficacy (ORR, Durvalumab (Arm B)
DoR, DCR, PFS,
OS, BoR)
Tremelimumab,
Durvalumab (Arm C)
NA
Safety (AE)
Durvalumab,
Selumetinib
Efficacy (ORR,
BoR, DoR)
Tolerability
PK
NA
Safety
Durvalumab (Arm A)
Efficacy (ORR,
Durvalimab,
DoR, DCR, PFS) Tremelimumab (Arm
B)
PK
Antidrug
Antibody
Presence
NA
Safety (DLT)
Durvalumab ,
nab-Paclitaxel,
Gemcitabine (Arm A)
Efficacy (ORR,
Durvalumab,
DoR, DCR, PFS) AZD5069 (Arm B)
PK
NA
Safety (AE,
Durvalumab,
DLT)
Mogamulizumab
(Arm A)
Tremelimumab,
Mogamulizumab
(Arm B)
1 mg/kg
Safety (AE)
Durvalumab,
Efficacy
Tremelimumab,
Radiotherapy

Dose

NA

NA

NA

NA

NA

NA

NA

Adverse
event

NA

NA

NA

NA

NA

NA

NA

Response

NA

NA

NA

NA

NA

NA

NA

Survival

NCT02639026

NCT02301130

NCT02583477

NCT02558894

NCT02586987

NCT02527434

NCT02669914

Ref.
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9465

Durvalumab
(MEDI4736)

(MK-3475/SCH
900475)

Pembrolizumab

(BMS-936558/
MDX-1106/
ONO-4538)

Nivolumab

(CP-675/
CP-675,206)

Tremelimumab

Drug name

1|2

1

1|2

1

2

1

Study
phase

NA

Nonrandomized

Nonrandomized

Randomized

Randomized

Nonrandomized

Study design

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Recruiting

Status

PC, NSCLS,
mBC

PC

PC, GeC,
OC, NSCLC,
BC, BlC,
MM,
HNSCC,

PC, NSCLC,
BC

PC

PC

Condition

ORR: Overall response rate; DLT: Dose limiting toxicity; NA: Not available.

PD-L1

PD-1

CTLA-4

Target
molecule

Palliative

Palliative

Palliative

Palliative

Palliative

Palliative

Intervention

Metastatic

Metastatic

Metastatic

Locally
advanced

Locally
advanced
Metastatic

Metastatic

Metastatic

Cohort

160

60

400

138

94

60

Estimated
enrollment
NA

Dose

NA

NA

200 mg

3 mg/kg

3 mg/kg

Table 4 Immune checkpoint inhibitors based on American Society of Clinical Oncology's meeting abstracts
Study Arm

Safety (DLT,
Nivolumab, nabTEAEs)
Paclitaxel (Arm A)
Efficacy (PFS,
Nivolumab, nabOS, DCR,
Paclitaxel, Gemcitabine
ORR, DR)
(Arm B)
Safety
Part A: Pembrolizumab,
DE Pexidartinib
(PLX3397)
Efficacy (ORR; Part B: RD Pexidartinib
CR, PR)
(PLX3397),
Pembrolizumab
Safety
Durvalumab, SBRT (Arm
A)
Efficacy (ORR, Tremelimumab, SBRT
PFS)
(Arm B)
Tolerability
Durvalumab,
Tremelimumab, SBRT
(Arm C)
PK
Safety (AE, Part 1: Durvalumab, DLT
DLT)
Ibrutinib
Efficacy
Part 2: Durvalumab, RD
Ibrutinib
Tolerability
RD
PK

Durvalumab, SBRT (Arm
A)
Efficacy (ORR, Tremelimumab, SBRT
PFS)
(Arm B)
Tolerability
Durvalumab,
Tremelimumab, SBRT
(Arm C)
PK
Safety (TRT) Cy/GVAX/Nivolumab,
CRS-207/Nivolumab
(Arm A)
Efficacy (OS,
Cy/GVAX, CRS-207
PFS, RR)
(Arm B)

Safety

End point

NA

NA

NA

NA

NA

NA

Adverse
event

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Response Survival

Borazanci et
al[74]

Duffy et al[31]

Wainberg et
al[50]

Firdaus et al[45]

Le et al[25]

Duffy et al[28]

Ref.
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BMS-936559

Tremelimumab
(CP-675/
CP-675,206)

(BMS-734016/
MDX-010)

Ipilimumab

Drug

1

1

1

2

Nonrandomized

Nonrandomized

Randomized

Nonrandomized

PC,
NSCLC,
MM, CrC,
OC, GeC,
RRC, BC

PC

PC

PC

Palliative

Palliative

Palliative

Palliative

Study Study design Condition Intervention
phase

Metastatic

Locally
advanced

Metastatic

Metastatic

Locally
advanced

Locally
advanced
Metastatic

Cohort

207 (14
PDA)

34

30

27

Enrollment
Efficacy
(ORR; CR,
PR)

End point

DE

Efficacy
(ORR)
PK

Safety (AE,
MTD, DLT)

15 mg/kg Safety (AE,
DLT, MTD)
Efficacy (OS,
OR, PFS)

Efficacy (OS,
ORR)

10 mg/kg Safety (AE)

3 mg/kg

Dose
11% Grade 3-4 irAEs
(Colitis: 1, Encephalitis: 1,
Hypophysitis: 1)

Adverse event

Response

Survival

Ref.

No RECISTNA
Royal et
response
al[23]
SD: delayed
progression,
RECISTprogressive
disease (n:1)
Ipilimumab
73%, 80% irAEs (Arm A, B)
SD: growth <
mOS (95%CI:)
Le et al[24]
(Arm A)
20% growth cut- IPI vs IPI, GVAX:
off, 7w (n:1) ,
3.6 (2.5-9.2), 5.7
22w (n:1) (Arm
(4.3-14.7);
Ipilimumab, 20% Grade 3-4 irAEs (Colitis: A) regression
HR = 0.51, 95%CI:
GVAX (Arm B)
1, GBS: 1, Nephritis: 1)
0.23-1.08, P = 0.072.
17w (n:1),
(Arm A), (Rash: 1, Colitis: 1, stabilization 59w
Pneumonitis: 1) (Arm B)
(n:1), 71w (n:1)
irAEs (p: 0.037)
yOS (95%CI:) IPI
(Arm B)
vs IPI, GVAX: 7%
(1%-45%), 27%
(11%-62%)
Tremelimumab Grade 3-4 irAEs (Asthenia:
PR: 8w (n:2)
mOS (95%CI:)
Aglietta et
DE (C6,
1, Nausea: 1, Diarrhea:
(10.5%: 2/19)
C6 (6 mg/kg
al[27]
SD:
>
10w
[n:7
C10, C15),
1, Anemi: 1, Pruritus: 1,
Tremelimumab),
(n:2 completed
Gemcitabine
Hypertransaminasemia:
C10 (10 mg/kg
study)]
1) (C 10), (Asthenia: 3,
Tremelimumab),
Nausea: 2, Diarrhea:1,
C15 (15 mg/kg
Anemi: 1, Neutropenia: 2,
Tremelimumab):
Hypertransaminasemia: 1,
5.3 (1.2-14.6), 8.0
Thrombocytopenia:2) (C 15)
(2.3-16.9), 7.5
SAE:11 (Dehydration(6.0-9.5)
diarrhea: 1, ACS: 1, PE:
1, Hyperbilirubinemia:
1, Hematemesis: 1)
(C10) (AKI: 1, GIB: 1,
Hyperbilirubinemia: 2) (C15)
BMS-936559
NA
No objective
NA
Brahmer et
PDA-response
al[79]
Ipilimumab

Study Arm

PDA: Pancreatic ductal adenocarcinoma; MTD: Maximum tolerance dose; ORR: Overall response rate; DLT: Dose limiting toxicity; NA: Not available; CTLA-4: Cytotoxic T lymphocyte antigen 4; PD-L1: Programmed cell death ligand 1.
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Figure 2 Check-point inhibition. A: Natural killer cell (NK cell) interacts with a PDA cell and gets activated through the binding of its activating receptor (AR)
with PDA’s tumor associated antigen (TTA). Tolerance occurs when the programmed-death-receptor (PD-1) molecule on the NK cell interacts with its ligand, the
programmed-death-ligand (PD-L1), on the PDA cell. Treatment with monoclonal antibody to bind these inhibitory proteins such as either α-PD-1 (Nivolumab,
Pembrolizumab, Pidilizumab) or α-PD-L1 (Druvalumab, BMS-936559) prevents this interaction; B: CD8+ T cell interacts with a PDA cell and gets activated through the
binding of its T cell receptor (TCR) with PDA’s major histocompatibility complex (MHC). Tolerance occurs when the PD-1 molecule on the NK cell interacts with PD-L1
on the PDA cell. Treatment with monoclonal antibody to bind these inhibitory proteins such as either α-PD-1 (Nivolumab, Pembrolizumab, Pidilizumab) or α-PD-L1
(Druvalumab, BMS-936559) prevents this interaction, resulting in suppression of T cell tumor attack; C: CD4+ helper T cell interacts with an antigen presenting cell (APC)
through the binding of its TCR with APC’sMHC that present TAA. The co-stimulatory APC-signal-binding is induced by the CD28-B7-I/II interaction. The inhibitory
checkpoint molecules: PD-L1, PD-1 and CTLA-4 are either presented before CD4+ activation or upregulated after activation and might result in inhibition and anergy of
the helper T cell via PD-L1–PD-1, PD-L1–B7-1 and/or CTLA-4–B7-I/II interactions. Treatment with monoclonal antibody to bind these inhibitory proteins such as either
α-PD-1 (Nivolumab, Pembrolizumab, Pidilizumab), α-PD-L1 (Druvalumab, BMS-936559) or α-CTLA-4 (Ipilimumab, Tremelimumab) can prevent this interaction, thus
maintain antitumor activity.

nephritis (Arm A) and three episodes of colitis, rash
[24]
and pneumonitis (Arm B). According to Le et al
these rates were similar to previous studies testing
Ipilimumab 10 mg/kg. The conclusion was that even
though insufficient data was conducted to conclude
whether Ipilimumab alone, or in combination therapy
result in better clinical outcome, combination therapy
of Ipilimumab and GVAX had the potential for efficacy
improvement in patients with longer life expectancy
and that immune checkpoint therapy should start early
in the PDA treatment course.
A phase Ⅱ multicenter study of Ipilimumab
and GVAX treatment in metastatic PDA patients is
ongoing in patients who have been earlier treated
with FOLFIRINOX-chemotherapy (Arm A) or patients
continuously treated with FOLFIRINOX (Arm B)
(NCT01896869). Survival comparison between
continuous FOLFIRINOX-treatment vs FOLFIRINOX

in Arm A and a 10 mg/kg dosage of Ipilimumab with
GVAX was administered in Arm B. The results met the
criteria for stable disease (SD) according to RECIST
in four patients (Arm A, B) and one further according
to the immune-related response criteria (irRC) (Arm
B). In treatment Arm A, two patients with constant
disease progression reported SD for seven and 22 wk.
In treatment Arm B, three patients reported SD, with
17 wk of regression in one, 59 wk of stabilization in
one and till week 71 in another. Median overall survival
was reported as 3.6 months (95%CI: 2.5-9.2) and
5.7 mo (95%CI: 4.3-14.7), (HR = 0.51, 95%CI:
0.23-1.08, P = 0.072), and one-year overall survival
to 7% (1%-45%), and 27% (11%-62%), in Arm A
and in Arm B respectively. Furthermore, 73% vs 80%
of the patients reported irAEs in Arm A and Arm B. In
total 20% grade 3-4 irAEs were reported, including
three episodes of colitis, Guillain-Barre syndrome and
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followed by Ipilimumab and GVAX is the primary end
[25]
point .
NCT01473940 is another clinical trial studying
safety and efficacy of Ipilimumab, when administered
together with the cytostatic Gemcitabine hydrochloride,
in locally advanced, or metastatic, unresectable PDA
patients. Researchers in this trial are hypothesizing the
[26]
synergetic effect of this combination .

combined with Durvalumab, in patients with metastatic
[33]
PDA .

PD-1
PD-1 is an immune checkpoint molecule expressed
on activated T cells, B cells, NK cells, monocytes and
[34]
DCs . Like CTLA-4, PD-1 is a member of the CD28
family of receptor providing costimulatory signals,
critical in regulation and development of T cells in the
[12]
adaptive immune response . PD-1 binds to APCs
programmed death ligands PD-L1 and PD-L2, and to
[34]
solid tumor cell ligands PD-L1 . The strength of this
binding depends on the strength of the TCR-signal,
where low TCR-MHC interaction results in great PD-1
[35]
binding . When bound to its ligands, PD-1 induces
effector T cell inhibition through downstream, kinase
inhibition, TCR decreased signaling and a decrease
in INF-γ, IL-2 secretion by phosphatase SHP1, SHP2
[35,36]
phosphorylation
.
+
PD-1 is, similar to CTLA-4, expressed on CD4
[37]
Tregs, where it increases immunosuppression .
Its function in the immune response is described as
limiting T-cell activity in peripheral tissues, in both
the inflammatory infectious response and in potential
[34,35]
autoimmunity immune responses
. Within the PDA
tumor microenvironment, as well as in the peripheral
blood of PDA patients, PD-1 molecules are largely
expressed on tumor infiltrating lymphocytes (TILs),
+
such as CD4 T-cells, resulting in the tumor exerting
a potentiated immune resistance by inducing T-cell
[38,39]
apoptosis, and promoting tumor growth
. PD-1
is further described to create T-cell anergy among
cognate antigen-specific T cells due to chronic antigen
[40]
exposure in cancer tumors .
Besides this expression, PD-1 is expressed on other
activated immune-cells, such as NK cells and B cells,
[34,41]
in which it limits its lytic activity
. This results in
immune suppression. Also, this is thought to result in
[42]
enhancement of tumor immune surveillance .
Conversely, blockade of PD-1 results in immune
[39,43]
response progression, with antitumor immunity
.
Since its discovery in 1992 PD-1 has been another
promising immune-checkpoint target molecule in
cancer tumor immunotherapy to enhance intratumoral
[34]
immune response .
In PDA, the human PD-1-antibody-drugs Pidili
zumab, Nivolumab and Pembrolizumab are now tested
in clinical trials.

Tremelimumab

Tremelimumab (CP-675, CP-675,206) is a humanized
monoclonal IgG2 immunoglobulin antibody also deve
loped against CTLA-4-molecules on T-cells. It binds
to CTLA-4 and inhibits immune checkpoint mediated
T-cell suppression, resulting in cytotoxic T-lymphocyte
[22]
antitumor-mediated immune response .
In a non-randomized, dose increasing, phaseⅠstudy
of Tremelimumab and Gemcitabine hydrochloride for
34 patients with advanced PDA, a partial response in
two patients was demonstrated. The patients received
a 15 mg/kg Tremelimumab treatment-cycle, consisting
th
of one dose of Tremelimumab each 84 -day along with
up to twelve doses of Gemcitabine hydrochloride 1000
2
mg/m for three weeks followed with one week of rest.
Stable disease over ten weeks was reported in seven
patients, where two patients completed the study.
Median overall survival was 7.4 mo (95%CI: 5.8-9.4),
with 7.5 mo (95%CI: 6.0-9.5) in the Tremelimumab
[27]
15 mg/kg study-arm. However, Aglietta et al
did
not demonstrate any objective response according
to RECIST. Also the confidence interval was wide and
overlapped due to limited participants in the respective
study-arms. Moreover, the most common grade 3-4
adverse events were asthenia (11.8%), and nausea
(8.8%).
In metastatic PDA, a three-armed, phase Ⅰ ,
non-randomized, clinical trial testing Tremelimumab
alone or in combination with Durvalumab (another
immune checkpoint inhibitor discussed later) together
with stereotactic body radiation therapy (SBRT) is
conducted. The primary objectives are to determine
safety, tolerability and efficacy of immune checkpoint
therapy together with SBRT. SBRT is expected to
enhance Durvalumab’s and/or Tremelimumab’s immune
checkpoint inhibitory effects resulting in systemic anti[28]
tumor effects .
Tremelimumab is currently being tested for safety
and efficacy in two randomized phase Ⅰ and Ⅱ trials
for locally advanced and metastatic PDA, together with
Morgalizumab [a monoclonal antibody against C-C
chemokine receptor 4 (CCR4) (NCT02301130)] and
[29,30]
together with Durvalumab (NCT02558894)
.
NCT02639026 is a phase Ⅰ, non-randomized trials,
that studies the safety and efficacy of Tremelimumab
and Durvalumab in combination with hypofractionated
[31,32]
radiation therapy in patients with metastatic PDA
.
NCT02527434 is a phase Ⅱ clinical trial studying
safety and efficacy of Tremelimumab alone, or
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Nivolumab

Nivolumab (BMS-936558, MDX-1106, ONO-4538) is a
humanized monoclonal IgG4 immunoglobulin antibody
developed against PD-1-checkpoint-molecule-receptors
on T cells, NK cells and B cells. It binds to and inhibits
either PD-1-PD-L1 or PD-1-PD-L2 cell interaction,
resulting in immune function reinstating by activation
of NK cells and cytotoxic T lymphocyte (CTL) antitumor
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[22]

immune response .
In previously chemotherapy-treated patients, with
PDA, a 1:1 randomized, two-armed, phase Ⅱ study,
of Cyclophosphamide-GVAX-vaccine, (CY/GVAX) and
CRS-207 (a live-attenuated Listeria monocytogenesexpressing mesothelin drug) is being conducted
both with and without Nivolumab. Patients receiving
two doses of CY/GVAX and Nivolumab, together
with four doses of CRS-207 and Nivolumab (Arm
A) will be compared with patients receiving two
doses of CY/GVAX and four doses of CRS-207 (Arm
B). Overall survival is the primary objective of the
study. CY/GVAX-vaccine together with CRS-207, have
shown promising results in PDA-patients by priming
tumor antigen-specific T cells, through Cyclophospha
mide Treg-inhibitor-function; GVAX induced immune
response-function against PDA tumor antigens via its
GM-CSF-expressing- modified allogeneic pancreatic
cancer cells; and CRS-207 enhanced antitumor PDA
immune response-function by NK cells and T cells
through its tumor-associated mesothelin antigens.
[44]
Le et al
expect this combination therapy, together
with Nivolumab to result in priming tumor antigenspecific T cells and simultaneously blocking immunecheckpoints.
[45]
In another ASCO-symposium Firdaus et al
presented their two-armed, two-part, phase Ⅰ study
of Nivolumab and Nab-paclitaxel-cytostatic, with and
without Gemcitabine in patients with advanced PDA.
2
Patients administered 125 mg/m Nab-paclitaxel and
3 mg/kg Nivolumab (Arm A), will be compared with
2
patients administered 125 mg/m Nab-paclitaxel,
2
1000 mg/m Gemcitabine and 3 mg/kg Nivolumab
(Arm B). Evaluation of dose limiting toxicity (DLT)
(Part I), together with evaluation of the safety of Nabpaclitaxel/Nivolumab combination (Part Ⅰ and Ⅱ) are
the primary objectives in this still recruiting clinical
trial.
Furthermore, Nivolumab is currently being tested
for safety and efficacy in two, phase Ⅰ and Ⅱ trials
for resectable, (NCT02451982) and metastatic
(NCT02423954) PDA. In NCT02451982 patients with
2
resectable PDA are randomized to receive 200 mg/m
2
CY/GVAX (Arm A) or 200 mg/m CY/GVAX together
[46]
with 3 mg/kg Nivolumab (Arm B) . NCT02423954
is a non-randomized three-armed study. In Arm A,
patients are given 25 mg Temsirolimus (a protein
th
kinase inhibitor) and Nivolumab every 14 day. In Arm
2
B, 150 mg/m Irinotecan-cytostatic and Nivolumab
th
2
every 14 day. In Arm C, 175 mg/ m Irinotecan is
administered on day one then every 14 d. A dosage of
1000 mg Capecitabine-cytostatic is given on days 1-5,
on days 6-7, off each 7 d period in combination with
[47]
Nivolumab .
Two phase Ⅰ, non-randomized trials in locally ad
vanced or metastatic PDA patients are being conducted
(NCT02009449, NCT02526017). NCT02009449, a
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study of AM0010 (recombinant human IL-10) is being
conducted with one cohort treated with 20 µg/kg
AM0010 daily subcutaneous injections, together with
3 mg/kg Nivolumab on day one of each 14-d cycle to
study dose escalation, where safety and tolerability
of AM0010 in patients with advanced solid tumors,
dosed daily as a monotherapy or in combination with
[48]
chemotherapy or immunotherapy, is evaluated .
NCT02526017 is a study of FPA008 (a monoclonal
humanized antibody) with monotherapy every other
week. This is compared to combination therapy
consisting of FPA008 and 3 mg/kg Nivolumab every
second week. Safety of FPA008 with Nivolumab is being
[49]
evaluated .

Pembrolizumab

Pembrolizumab (MK-3475, SCH 900475) is also a
humanized monoclonal IgG4 immunoglobulin antibody,
developed against the PD-1-checkpoint-moleculereceptor on T cells. It binds to and inhibits either PD1-PD-L1 or PD-1-PD-L2 cell interaction, resulting in
[22]
activation of a CTL antitumor immune response .
In a two-part immunotherapy clinical trial, testing
Pexidartinib [a colony-stimulating factor 1 receptor
(CSF1R) inhibitor] and Pembrolizumab in patients
with PDA and other solid tumors, safety, efficacy,
pharmacokinetics and pharmacodynamics is to
be evaluated. In part Ⅰ, a safety and tolerability
combination-dose will be established; 200 mg Pem
brolizumab each third week, with daily 200 mg oral
doses of Pexidartinib. Thereafter, overall response rate
(ORR) and progression free survival (PFS) will, in solid
tumor-patients with the given established combinationdose, be evaluated. Pexidartinib is expected to target
tumor associated macrophages (TAMs) and Myeloidderived suppressor cells (MDSCs). TAMs enhance tumor
growth and contribute to tumor resistance to radiation
and chemotherapy. MDSCs suppress tumor surveillance
[50]
and cause resistance to PD-1-checkpoint therapy .
Three other phase Ⅰ and Ⅱ clinical trials are
currently running.
NCT02305186 is a randomized, safety and efficacy
study. 200 mg of Pembrolizumab is given every third
week during concurrent neoadjuvant Capecitabinecytostatic treatment and radiation therapy in resectable
[51]
PDA patients . NCT02331251 is a non-randomized,
safety and efficacy study of 2 mg/kg Pembrolizumab
given every third week, together with a different
[52]
cytostatic in different study arms in metastatic PDA .
NCT02268825 is a safety and efficacy dose-escalating
study were phase Ⅰ evaluates the maximum tole
rance dose (MTD) of Pembrolizumab in combination
with mFOLFOX6-cytostatic. Phase Ⅱ combines an
additional dose of Celecoxib (NSAID) to determine the
clinical benefit rate, the objective response rate, PFS
and overall survival in locally advanced or metastatic
[53]
PDA .
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[60,61]

Two phase Ⅱ clinical trials of Pembrolizumab in
patients with locally advanced or metastatic PDA
are being conducted. NCT02648282 is a safety
and efficacy study of combination therapy using
2
200 mg Pembrolizumab together with 200 mg/m
Cyclophosphamide-cytostatic and GVAX-vaccine (CY/
[54]
GVAX) and SBRT . NCT02362048 is an active, nonrecruiting, two-armed, randomized safety and efficacy
study where ACP-196 alone (Arm A) and ACP-196
in combination with Pembrolizumab (Arm B) are
[55]
studied .
Four phase-Ⅰ clinical trials of Pembrolizumab in
PDA are being conducted.
NCT02546531 and NCT02009449 are two nonrandomized, safety and efficacy trials in locally
advanced and metastatic PDA. In NCT02546531,
Pembrolizumab is tested together with Gemcitabine
and Defactinib in advanced PDA. Defactinib, a
selective cancer stem cell inhibitor, directed against
focal adhesion kinase is hoped to reduce stromal
fibrosis in tumors during immune-checkpoint[56]
therapy . NCT02009449 is a dose escalation study
of AM0010 (recombinant human IL-10) administered
in incremental dosages through daily subcutaneous
injections, together with 2 mg/kg Pembrolizumab on
day one of each 14-d cycle. Safety and tolerability
of AM0010 in patients with advanced solid tumors,
either as a monotherapy or in combination with
[48]
chemotherapy or immunotherapy, is evaluated .
NCT02432963 and NCT02620423 are two phaseⅠ Pembrolizumab studies. NCT02432963 is an
active, non-recruiting safety trial of Pembrolizumab
in combination with p53MVA (a gene-modified virus
vaccine) administered to enhance antitumor immune
response and reduce tumor growth in patients
[57]
with metastatic PDA . NCT02620423 is a safety
and efficacy study of Pembrolizumab 2 mg/kg in
combination with Reolysin (a human oncolytic reovirus
that lysates cancer cells) and with chemotherapy in
[58]
locally advanced or metastatic PDA .
NCT01174121 is a non-randomized, phase-Ⅱ
trial of Pembrolizumab, 2 mg/kg Pembrolizumab, 60
mg/kg per day Cyclophosphamide, along with 25
2
mg/m per day Fludarabine-cytostatic, Aldesleukin (a
humanised IL-2-molecule) and tumor infiltrating cells
(TILs) was conducted to study if tumor reduction could
be reached by immunotherapy and TILs in PDA. The
[59]
study was suspended .

and withdrawn

PD-L1
PD-L1 is a molecule expressed on solid tumors (such
as PDA) and on tumor-infiltrating dendritic cells and
[62,63]
macrophages
. PD-L belongs to the B7 family
consisting of PD-L1 (CD274/B7-H1) and PD-L2
[63,64]
(CD273/B7-DC)
. PD-L1 is a co-inhibitory ligand
that binds to PD-1 and to CD80 (the co-stimulatory
molecule to CD28 and co-inhibitory molecule to CTLA4
[65]
of T-cells) on T-cells and APCs . When bound to its
receptors, PD-L1 induces effector T-cell inhibition,
apoptosis, anergy and exhaustion via PD-1-PD-L1
[39,40,66]
interaction
. Immunosuppression is enhanced
through inhibitory receptor-signaling via B7-1molecules in the B7-1-PD-L1 binding. However, this is
[34]
a finding that not have been observed in tumors .
Moreover PD-L1 expression was observed to increase
Treg infiltration in the PDA tumor microenvironment,
[67]
also resulting in immune suppression .
PD-L2 is primarily expressed on dendritic cells and
[68]
macrophages .
PD-L1 is the major PD-L-molecule expressed on
[39]
solid tumors . The expression of PD-L1 on PDA tumor
+
[69,70]
cells is induced via CD8 T-cell INFγ-secretion
. The
expression of PD-L1 molecules in PDA is associated
with assessed tumor proliferation, accelerated tumor
cell carcinogenesis and drug resistance, defining the
[71]
tumor as highly malignant .
Blockade of PD-L1 is described to result in sig
nificant immune response progression, with enhanced
[72]
T-cell activation . In PDA enhanced upregulation and
secretion of INF-γ, cytokines and proteases by infiltrated
+
and activated CD8 T-cell in the tumor microenvironment
[73]
was reported, after PD-L1 blockade . Furthermore,
as already stated, blockade of the PD-1 to PD-L1pathway, results in tumor and antitumor immunity
reduction by Treg depletion. Likewise, blockade of the
CD80 to PD-L1-pathway results in immune response
enhancement. The CD80-PD-L1-pathway is reported to
be a bidirectional interaction of CD80 and PD-L1, where
CD80, as stated above, interacts co-stimulatory with
CD28-receptor and co-inhibits CTLA4-receptor on T-cells.
PD-L1 also interact with PD-1, indicating a specific and
significant T-cell response-inhibition, regulation and
[34]
tolerance .
Thus, PD-L1 is another promising immune
checkpoint target molecule to enhance intratumoral
immune response in cancer tumor immunotherapy. In
PDA, Durvalumab, and BMS-936559, human anti-PD1-antibody-drugs, are now tested in clinical trials.

Pidilizumab

Pidilizumab (CT-011, MDV9300) is a humanized
monoclonal IgG1 immunoglobulin antibody developed
against PD-1-molecule-receptors on T cells, NK cells,
and B cells. It binds to and inhibits either PD-1-PD-L1 or
PD-1-PD-L2 cell interaction, resulting in activation of CTL
[22]
and an NK-cell antitumor immune response . In PDA,
two clinical trials, NCT01313416, and NCT01386502 of
Pidilizumab were partially conducted, then suspended
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Durvalumab

Durvalumab (MEDI4736) is a humanized FC optimized
monoclonal IgG1 immunoglobulin antibody, developed
against PD-L1-checkpoint-ligand on solid tumors
and TILs, such as dendritic cells and macrophages.
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When bound, Durvalumab inhibits PD-1 cell
interaction, potentially resulting in T cell upregulation
and antitumor immune potentiation against PD-L1
expressing tumors by CTL response exertion. To avoid
antibody-dependent cytotoxicity or complementdependent cytotoxicity Durvalumabs FC-region is
[22,74]
modified
.
[28]
As stated above, Duffy et al
have, in metastatic
PDA, conducted a three-armed, phase Ⅰ , nonrandomized clinical trial testing Durvalumab alone or in
combination with Tremelimumab, together with SBRT.
The primary objectives were to determine safety,
tolerability and efficacy of immune checkpoint therapy
together with SBRT. SBRT is expected to enhance
Durvalumab’s and/or Tremelimumab’s immune
checkpoint inhibitory effects, resulting in systemic antitumor effects.
[74]
In a phase Ⅰ b/Ⅱ clinical trial, Borazanci et al
expect to evaluate the safety, tolerability and effi
cacy of Durvalumab in combination with Ibrutinib (a
Burton’s tyrosine kinase inhibitor). Preclinical data
suggest that Ibrutinib inhibit tumor cell proliferation
via angiogenesis and collagen deposition in TME by
[75]
PDA mast cell degranulation . DLT in phase Ⅰ will
determine recommended phase Ⅱ dosage to treat up
to 160 patients.
In two non-randomized, phase Ⅰ clinical trials,
Durvalumab is tested in locally advanced and
metastatic PDA (NCT02586987) or metastatic PDA
(NCT02639026). NCT02586987 is an open label,
multicenter study, assessing safety, tolerability and
[76]
anti-tumor activity . NCT02639026 studies safety
and efficacy of Tremelimumab and Durvalumab in
[32]
combination with hypofractionated radiation therapy .
NCT02301130 is a randomized, two-armed,
phase Ⅰ trial studying safety and efficacy. In Arm A,
Durvalumab is combined with Mogamulizumab (mono
clonal antibody against CCR4). In Arm B, Tremelimumab
[29]
is combined with Mogamulizumab . Two phase Ⅱ
randomized clinical trials of Durvalumab in metastatic
PDA studying safety and efficacy together with Treme
[30,33]
limumab are conducted
. Two non-randomized,
safety and efficacy clinical trials of Durvalumab in
metastatic PDA were conducted. NCT02669914 is a
phase Ⅱ non-recruiting study of Durvalumab against
refractory or recurrent brain metastases from solid
[77]
tumors such as in PDA . NCT02583477 is a twoarmed, phase Ⅰb/Ⅱ recruiting study of Durvalumab
evaluated in combination with gemcitabine and nabpaclitaxel-cytostatics or in combination with the
C-X-C motif chemokine receptor 2 (CXCR2) reversible
antagonist with antineoplastic activity potentiality,
[78]
AZD5069, in patients with metastatic PDA .

checkpoint-ligand on solid tumors and TILs such as
dendritic cells and macrophages. BMS-936559 inhibits
PD-1 and CD80 cell interaction. In a phase Ⅰ, non[79]
randomized safety and efficacy study, Brahmer et al
reported objective response rates of 6% to 17% and
prolonged disease stabilization rates of 12% to 41% at
24 wk in advanced cancers patients, when treated with
BMS-936559. The study consisted of 207 patients with
locally advanced, or metastatic cancer; 75 with NSCLC,
55 with melanoma, 18 with colorectal cancer, 17
with renal-cell cancer, 17 with ovarian cancer, 7 with
gastric cancer, four with breast cancer, and 14 with
PDA. BMS-936559 was tested with escalating doses
ranging from 0.3 mg/kg to 10 mg/kg. In patients with
melanomas, objective response was observed in 29%
at a dose of 3 mg/kg. In PDA, no objective response
was observed.

FURTHER IMMUNE CHECKPOINT
MOLECULES
Besides the above defined inhibitory lymphocyte
receptors (CTLA-4, PD-1) and the ligand (PD-L1),
other immune checkpoint molecules have been
observed to be expressed on tumors and TILs in the
tumor microenvironment. Lymphocyte activation
gene 3 (LAG-3), B and T lymphocyte attenuator
(BTLA/CD272), T cell membrane protein 3 (TIM-3/
HAVCR2), adenosine A2a receptor (A2aR) and the
B7-family inhibitory receptors (B7-H3/CD276, B7-H4/
B7S1) are immune checkpoint molecules described to
[80-84]
exert immune suppression
. B7-H3 is a molecule
expressed on tumors, while B7-H4 is expressed on
[84]
monocytes and macrophages . TIM-3 is expressed
+
on T helper cells and co-expressed with PD-1 on CD8
[82]
cells, preventing immune response . A2aR interacts
[83]
with adenosine, resulting in T-cell suppression .
LAG-3 is an inhibitory receptor molecule expressed on
[80]
NK cells, APCs, Tregs, T-cells, B cells . In TIL anergic
or exhausted T cells, LAG-3 is co-expressed with
[80]
+
PD-1 . It binds to MHC-Ⅱ molecules on CD4 and
+
[80]
CD8 , resulting in immune suppression . Blockade
of LAG-3 is reported to slow tumor growth and act in
[80,85]
synergy with anti-PD-1 antibodies
.
In PDA one non-randomized, phase-Ⅰ clinical trial
testing IMP321 (an LAG-3 immune checkpoint blocker)
was conducted, but was terminated, due to company
[86]
manufacturing production inability .

DISCUSSION
In regulating the human immune system, immune
checkpoint molecules are considered essential.
CTLA-4, PD-1 and PD-L1 are three well-described
inhibitory checkpoint molecules expressed on immune
cells in the pancreatic ductal adenocarcinoma tumor
microenvironment. Together with other molecules

BMS-936559

BMS-936559 is a Bristol-Myers Squibb humanized
monoclonal IgG4 antibody directed against PD-L1-
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derived by the tumor cells and different tumorspecific antigens, these checkpoint inhibitors create
a heterogeneous protein expressing tumor, able to
thwart immune surveillance and suppress and evade
immune response. Checkpoint inhibition may enhance
the T-cell response against the tumor. Hence immune
checkpoint therapy is expected to have a place in the
treatment arsenal for solid tumors such as pancreatic
ductal adenocarcinoma. In patients with melanoma
and lung cancer, treatments with immune checkpoint
therapy have shown promising results in terms of tumor
regression, objective response rate and overall survival
progression, whereby FDA approval has been received.
Among patients with pancreatic ductal adenocar
cinoma, immune checkpoint therapies also appear to
[23]
be effective. Royal et al , noted delayed progression
in one patient when treated with 3 mg/kg Ipilimumab.
[24]
Le et al observed stable disease in five patients (two
Arm A, three Arm B), four according to RECIST (two
Arm A, two Arm B) and one according to irRC (Arm
B), when treated with 10 mg/kg Ipilimumab alone
(Arm A) or in combination with GVAX-vaccine (Arm
B). Furthermore greater overall survival of 5.7 mo in
patients treated with Ipilimumab and GVAX-vaccine,
compared to 3.6 mo of Ipilimumab monotherapy was
[27]
in this study noted. Aglietta et al
demonstrated
partial response in two patients with advanced
pancreatic ductal adenocarcinoma, receiving 15 mg/kg
Tremelimumab. Moreover a median overall survival of
7.4 mo with Tremelimumab was observed. Brahmer
[79]
et al
reported objective response rates of 6% to
17%, and prolonged disease stabilization rates of
12% to 41% at 24 wk in advanced cancers patients of
melanoma and NSCLC, but not in PDA, when treated
with BMS-936559.
However, these studies are limited, both in numbers
and enrolled patients. These results of treatment with
immune checkpoint inhibitors in PDA instead indicate
that further research is needed. The number of currently
running clinical trials described in this analysis serves as
evidence that immune checkpoint therapy is a new and
novel treatment perspective in the fight against PDA.
A couple of trials are combining two of the checkpoints
[29-33]
inhibitors, Durvalumab and Tremelimumab
. Other
trials are testing checkpoint inhibitors, in combination
[54,60]
[25,57,87]
with cytostatics
; in combination with vaccine
;
[30,49]
or as monotherapy
. Currently, no results from
these trials are presented.
Further knowledge is needed regarding the
tumor of pancreatic ductal adenocarcinoma, its
tumor microenvironment, its immune response
and carcinogenesis to determine the activated
immunosuppressors within an individual patient
tumor in order to develop a personalized combination
treatment. Improved evaluation of key-molecules
within the tumor microenvironment of PDA, may as
[8]
Bailey et al reported, enable distinctions of PDA,
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where distinct combination therapies can be given
in order to increase efficacy and response rate. The
repertoire of immune checkpoints is expanding with
further research. LAG-3 is a checkpoint molecule found
to have been under investigation in a clinical trial by
blocking it with IMP321, an immune checkpoint blocker,
which was subsequently terminated due to company
[86]
manufacturing production inability . Identifying and
blocking this molecule, as well as other novel reported
checkpoint molecules, for example TIM-3 and BTLA
might result in improved efficacy in treating the cancer,
since these molecules are reported being co-expressed
[82]
[24]
with PD-1 . As stated above, Le et al reported that
combination therapy of Ipilimumab and GVAX-vaccine
improved overall survival compared to Ipilimumab
monotherapy. Vaccine therapies are described to
potentiate associated antigen specific T-cells in
the tumor microenvironment. Likewise, cytostatic
and radiation therapies are described to result in
tumor cell death with antigen releases, resulting in
T-cell activation in the tumor microenvironment. In
order to create and above all maintain the tumor
microenvironment as an immunogenic environment,
checkpoint inhibitors might be essential.
Outside the scope of this paper, but still worth
[2]
mentioning is the finding of McGranahan et al .
It describes the potential of combining immune
checkpoint therapy in advanced cancers which both
show sensitivity to immune checkpoint therapy
and also express multiple tumor-antigens such as
+
clonal neoantigens, and CD8 specific TILs (that
recognize these clonal neoantigens) and identifying
and potentiating these cells. Such an approach could
+
make possible a general potentiation of a CD8 T-cell
immune response against the whole tumor. This
could lead to a new generation of personalized cancer
treatment that could treat and perhaps even cure a
cancer like pancreatic ductal adenocarcinoma.
This particular research is in its infancy. While
the results are rather bleak the promise of future
success lies in one important fact: that the treatment
is leveraging the body’s own immune response to a
tumor. Great strides have been made in medicine,
but we do not yet fully understand the wonders of the
immune system and the force that drives the healing
process within the human body.

CONCLUSION
Pancreatic cancer is one of the most treatment
resistant human malignancies. Due to its heterogenic
tumor microenvironment it has long been considered
as a non-immunogenic cancer. However, in recent
years more emphasis has been put on the importance
of the immune system and the immune escape
mechanisms of pancreatic cancer. Novel immunebased treatment strategies have been developed.
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One of the more promising types of immunotherapies
includes immune checkpoint inhibition, which is
currently being tested in clinical trials in combination
with vaccines, radiation or cytotoxic agents. If proven
clinically beneficial, immune checkpoint therapy may
become a valuable tool in our armamentarium.

10

11

REFERENCES
1

2

3

4

5

6

7

8

9

12

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature 2008; 454: 436-444 [PMID: 18650914 DOI:
10.1038/nature07205]
McGranahan N, Furness AJ, Rosenthal R, Ramskov S, Lyngaa
R, Saini SK, Jamal-Hanjani M, Wilson GA, Birkbak NJ, Hiley
CT, Watkins TB, Shafi S, Murugaesu N, Mitter R, Akarca AU,
Linares J, Marafioti T, Henry JY, Van Allen EM, Miao D, Schilling
B, Schadendorf D, Garraway LA, Makarov V, Rizvi NA, Snyder
A, Hellmann MD, Merghoub T, Wolchok JD, Shukla SA, Wu
CJ, Peggs KS, Chan TA, Hadrup SR, Quezada SA, Swanton C.
Clonal neoantigens elicit T cell immunoreactivity and sensitivity
to immune checkpoint blockade. Science 2016; 351: 1463-1469
[PMID: 26940869 DOI: 10.1126/science.aaf1490]
Pennock GK, Chow LQ. The Evolving Role of Immune Check
point Inhibitors in Cancer Treatment. Oncologist 2015; 20: 812-822
[PMID: 26069281 DOI: 10.1634/theoncologist.2014-0422]
Brunet LR, Hagemann T, Andrew G, Mudan S, Marabelle A.
Have lessons from past failures brought us closer to the success of
immunotherapy in metastatic pancreatic cancer? Oncoimmunology
2016; 5: e1112942 [PMID: 27141395 DOI: 10.1080/2162402X.20
15.1112942]
Bazhin AV, Shevchenko I, Umansky V, Werner J, Karakhanova
S . Tw o i m m u n e f a c e s o f p a n c r e a t i c a d e n o c a r c i n o m a :
possible implication for immunotherapy. Cancer Immunol
Immunother 2014; 63: 59-65 [PMID: 24129765 DOI: 10.1007/
s00262-013-1485-8]
Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma.
N Engl J Med 2014; 371: 1039-1049 [PMID: 25207767 DOI:
10.1056/NEJMra1404198]
Sideras K, Braat H, Kwekkeboom J, van Eijck CH, Peppelenbosch
MP, Sleijfer S, Bruno M. Role of the immune system in pancreatic
cancer progression and immune modulating treatment strategies.
Cancer Treat Rev 2014; 40: 513-522 [PMID: 24315741 DOI:
10.1016/j.ctrv.2013.11.005]
Bailey P, Chang DK, Nones K, Johns AL, Patch AM, Gingras
MC, Miller DK, Christ AN, Bruxner TJ, Quinn MC, Nourse C,
Murtaugh LC, Harliwong I, Idrisoglu S, Manning S, Nourbakhsh
E, Wani S, Fink L, Holmes O, Chin V, Anderson MJ, Kazakoff
S, Leonard C, Newell F, Waddell N, Wood S, Xu Q, Wilson PJ,
Cloonan N, Kassahn KS, Taylor D, Quek K, Robertson A, Pantano
L, Mincarelli L, Sanchez LN, Evers L, Wu J, Pinese M, Cowley
MJ, Jones MD, Colvin EK, Nagrial AM, Humphrey ES, Chantrill
LA, Mawson A, Humphris J, Chou A, Pajic M, Scarlett CJ, Pinho
AV, Giry-Laterriere M, Rooman I, Samra JS, Kench JG, Lovell
JA, Merrett ND, Toon CW, Epari K, Nguyen NQ, Barbour A, Zeps
N, Moran-Jones K, Jamieson NB, Graham JS, Duthie F, Oien K,
Hair J, Grützmann R, Maitra A, Iacobuzio-Donahue CA, Wolfgang
CL, Morgan RA, Lawlor RT, Corbo V, Bassi C, Rusev B, Capelli
P, Salvia R, Tortora G, Mukhopadhyay D, Petersen GM, Munzy
DM, Fisher WE, Karim SA, Eshleman JR, Hruban RH, Pilarsky
C, Morton JP, Sansom OJ, Scarpa A, Musgrove EA, Bailey UM,
Hofmann O, Sutherland RL, Wheeler DA, Gill AJ, Gibbs RA,
Pearson JV, Waddell N, Biankin AV, Grimmond SM. Genomic
analyses identify molecular subtypes of pancreatic cancer. Nature
2016; 531: 47-52 [PMID: 26909576 DOI: 10.1038/nature16965]
Alegre ML, Noel PJ, Eisfelder BJ, Chuang E, Clark MR, Reiner
SL, Thompson CB. Regulation of surface and intracellular

WJG|www.wjgnet.com

13
14
15

16

17
18

19

20
21

22
23

24

25

9473

expression of CTLA4 on mouse T cells. J Immunol 1996; 157:
4762-4770 [PMID: 8943377]
Fokas E, O’Neill E, Gordon-Weeks A, Mukherjee S, McKenna
WG, Muschel RJ. Pancreatic ductal adenocarcinoma: From
genetics to biology to radiobiology to oncoimmunology and all the
way back to the clinic. Biochim Biophys Acta 2015; 1855: 61-82
[PMID: 25489989 DOI: 10.1016/j.bbcan.2014.12.001]
Krummel MF, Allison JP. CD28 and CTLA-4 have opposing
effects on the response of T cells to stimulation. J Exp Med 1995;
182: 459-465 [PMID: 7543139]
Chen L. Co-inhibitory molecules of the B7-CD28 family in the
control of T-cell immunity. Nat Rev Immunol 2004; 4: 336-347
[PMID: 15122199 DOI: 10.1038/nri1349]
Linsley PS, Brady W, Urnes M, Grosmaire LS, Damle NK,
Ledbetter JA. CTLA-4 is a second receptor for the B cell activation
antigen B7. J Exp Med 1991; 174: 561-569 [PMID: 1714933]
Rudd CE, Taylor A, Schneider H. CD28 and CTLA-4 coreceptor
expression and signal transduction. Immunol Rev 2009; 229: 12-26
[PMID: 19426212 DOI: 10.1111/j.1600-065X.2009.00770.x]
Qureshi OS, Zheng Y, Nakamura K, Attridge K, Manzotti
C, Schmidt EM, Baker J, Jeffery LE, Kaur S, Briggs Z, Hou
TZ, Futter CE, Anderson G, Walker LS, Sansom DM. Transendocytosis of CD80 and CD86: a molecular basis for the cellextrinsic function of CTLA-4. Science 2011; 332: 600-603 [PMID:
21474713 DOI: 10.1126/science.1202947]
Wachsmann MB, Pop LM, Vitetta ES. Pancreatic ductal
adenocarcinoma: a review of immunologic aspects. J Investig
Med 2012; 60: 643-663 [PMID: 22406516 DOI: 10.231/
JIM.0b013e31824a4d79]
Linsley PS, Ledbetter JA. The role of the CD28 receptor during
T cell responses to antigen. Annu Rev Immunol 1993; 11: 191-212
[PMID: 8386518 DOI: 10.1146/annurev.iy.11.040193.001203]
Boise LH, Minn AJ, Noel PJ, June CH, Accavitti MA, Lindsten T,
Thompson CB. CD28 costimulation can promote T cell survival
by enhancing the expression of Bcl-XL. Immunity 1995; 3: 87-98
[PMID: 7621080]
Peggs KS, Quezada SA, Chambers CA, Korman AJ, Allison
JP. Blockade of CTLA-4 on both effector and regulatory T cell
compartments contributes to the antitumor activity of anti-CTLA-4
antibodies. J Exp Med 2009; 206: 1717-1725 [PMID: 19581407
DOI: 10.1084/jem.20082492]
Leach DR, Krummel MF, Allison JP. Enhancement of antitumor
immunity by CTLA-4 blockade. Science 1996; 271: 1734-1736
[PMID: 8596936]
Simpson TR, Li F, Montalvo-Ortiz W, Sepulveda MA, Bergerhoff
K, Arce F, Roddie C, Henry JY, Yagita H, Wolchok JD, Peggs
KS, Ravetch JV, Allison JP, Quezada SA. Fc-dependent depletion
of tumor-infiltrating regulatory T cells co-defines the efficacy of
anti-CTLA-4 therapy against melanoma. J Exp Med 2013; 210:
1695-1710 [PMID: 23897981 DOI: 10.1084/jem.20130579]
National cancer institute. NCI Drug Dictionary. Available from:
URL: http://www.cancer.gov/publications/dictionaries/cancer-drug
Royal RE, Levy C, Turner K, Mathur A, Hughes M, Kammula
US, Sherry RM, Topalian SL, Yang JC, Lowy I, Rosenberg
SA. Phase 2 trial of single agent Ipilimumab (anti-CTLA-4) for
locally advanced or metastatic pancreatic adenocarcinoma. J
Immunother 2010; 33: 828-833 [PMID: 20842054 DOI: 10.1097/
CJI.0b013e3181eec14c]
Le DT, Lutz E, Uram JN, Sugar EA, Onners B, Solt S, Zheng L,
Diaz LA, Donehower RC, Jaffee EM, Laheru DA. Evaluation of
ipilimumab in combination with allogeneic pancreatic tumor cells
transfected with a GM-CSF gene in previously treated pancreatic
cancer. J Immunother 2013; 36: 382-389 [PMID: 23924790 DOI:
10.1097/CJI.0b013e31829fb7a2]
Le D. A Phase 2, Multicenter Study of FOLFIRINOX Followed
by Ipilimumab With Allogenic GM-CSF Transfected Pancreatic
Tumor Vaccine in the Treatment of Metastatic Pancreatic Cancer.
Available from: URL: https://clinicaltrials.gov/ct2/show/study/

November 21, 2016|Volume 22|Issue 43|

Johansson H et al . Immune checkpoint therapy

26

27

28

29

30

31

32

33

34

35

36

37

38

39

NCT01896869
Mulcahy M. Ipilimumab and Gemcitabine Hydrochloride in
Treating Patients With Stage III-IV or Recurrent Pancreatic Cancer
That Cannot Be Removed by Surgery. Available from: URL:
https://clinicaltrials.gov/ct2/show/NCT01473940
Aglietta M, Barone C, Sawyer MB, Moore MJ, Miller WH,
Bagalà C, Colombi F, Cagnazzo C, Gioeni L, Wang E, Huang B,
Fly KD, Leone F. A phase I dose escalation trial of tremelimumab
(CP-675,206) in combination with gemcitabine in chemotherapynaive patients with metastatic pancreatic cancer. Ann Oncol 2014;
25: 1750-1755 [PMID: 24907635 DOI: 10.1093/annonc/mdu205]
Duffy AG, Makarova-Rusher OV, Drew Pratt DEK, Alewine
C, Fioravanti S, Walker M, Carey S, Figg WD, Steinberg SM,
Anderson V, Levy E, Krishnasamy V, Wood BJ, Jones J, Citrin
DE, Greten TF. A pilot study of immune checkpoint inhibition
(tremelimumab and/or MEDI4736) in combination with radiation
therapy in patients with unresectable pancreatic cancer. Available
from: URL: http://meetinglibrary.asco.org/content/160088-173
Study of Mogamulizumab MEDI4736 and Mogamulizumab
Tremelimumab in Subjects w/ Advanced Solid Tumors. Available
from: URL: https://clinicaltrials.gov/ct2/show/NCT02301130
O’Reilly EM. Phase II Study of MEDI4736 Monotherapy or in
Combinations With Tremelimumab in Metastatic Pancreatic Ductal
Carcinoma. Available from: URL: https://clinicaltrials.gov/ct2/
show/study/NCT02558894
Duffy AG. Immune Checkpoint Inhibition (Tremelimumab and/or
MEDI4736) in Combination With Radiation Therapy in Patients
With Unresectable Pancreatic Cancer. Available from: URL:
https://clinicaltrials.gov/ct2/show/study/NCT02311361
O’Hara MH. Trial Of Hypofractionated Radiotherapy In
Combination With MEDI4736 And Tremelimumab For Patients
With Metastatic Melanoma And Lung, Breast And Pancreatic
Cancers. Available from: URL: https://clinicaltrials.gov/ct2/show/
study/NCT02639026
Padmanee S. Study of Tremelimumab in Patients With Advanced
Solid Tumors. Available from: URL: https://clinicaltrials.gov/ct2/
show/study/NCT02527434
Keir ME, Butte MJ, Freeman GJ, Sharpe AH. PD-1 and
its ligands in tolerance and immunity. Annu Rev Immunol
2008; 26: 677-704 [PMID: 18173375 DOI: 10.1146/annurev.
immunol.26.021607.090331]
Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, Nishimura
H, Fitz LJ, Malenkovich N, Okazaki T, Byrne MC, Horton HF,
Fouser L, Carter L, Ling V, Bowman MR, Carreno BM, Collins M,
Wood CR, Honjo T. Engagement of the PD-1 immunoinhibitory
receptor by a novel B7 family member leads to negative regulation
of lymphocyte activation. J Exp Med 2000; 192: 1027-1034 [PMID:
11015443]
Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P, Mottram P,
Krzysiek R, Knutson KL, Daniel B, Zimmermann MC, David
O, Burow M, Gordon A, Dhurandhar N, Myers L, Berggren R,
Hemminki A, Alvarez RD, Emilie D, Curiel DT, Chen L, Zou W.
Blockade of B7-H1 improves myeloid dendritic cell-mediated
antitumor immunity. Nat Med 2003; 9: 562-567 [PMID: 12704383
DOI: 10.1038/nm863]
Francisco LM, Salinas VH, Brown KE, Vanguri VK, Freeman
GJ, Kuchroo VK, Sharpe AH. PD-L1 regulates the development,
maintenance, and function of induced regulatory T cells. J Exp
Med 2009; 206: 3015-3029 [PMID: 20008522 DOI: 10.1084/
jem.20090847]
Komura T, Sakai Y, Harada K, Kawaguchi K, Takabatake H,
Kitagawa H, Wada T, Honda M, Ohta T, Nakanuma Y, Kaneko
S. Inflammatory features of pancreatic cancer highlighted by
monocytes/macrophages and CD4+ T cells with clinical impact.
Cancer Sci 2015; 106: 672-686 [PMID: 25827621 DOI: 10.1111/
cas.12663]
Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB,
Roche PC, Lu J, Zhu G, Tamada K, Lennon VA, Celis E, Chen L.

WJG|www.wjgnet.com

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

9474

Tumor-associated B7-H1 promotes T-cell apoptosis: a potential
mechanism of immune evasion. Nat Med 2002; 8: 793-800 [PMID:
12091876 DOI: 10.1038/nm730]
Barber DL, Wherry EJ, Masopust D, Zhu B, Allison JP, Sharpe
AH, Freeman GJ, Ahmed R. Restoring function in exhausted CD8
T cells during chronic viral infection. Nature 2006; 439: 682-687
[PMID: 16382236 DOI: 10.1038/nature04444]
Terme M, Ullrich E, Aymeric L, Meinhardt K, Desbois M,
Delahaye N, Viaud S, Ryffel B, Yagita H, Kaplanski G, PrévostBlondel A, Kato M, Schultze JL, Tartour E, Kroemer G, Chaput N,
Zitvogel L. IL-18 induces PD-1-dependent immunosuppression in
cancer. Cancer Res 2011; 71: 5393-5399 [PMID: 21724589 DOI:
10.1158/0008-5472.can-11-0993]
Velu V, Titanji K, Zhu B, Husain S, Pladevega A, Lai L,
Vanderford TH, Chennareddi L, Silvestri G, Freeman GJ, Ahmed
R, Amara RR. Enhancing SIV-specific immunity in vivo by PD-1
blockade. Nature 2009; 458: 206-210 [PMID: 19078956 DOI:
10.1038/nature07662]
Topalian SL, Drake CG, Pardoll DM. Targeting the PD-1/B7H1(PD-L1) pathway to activate anti-tumor immunity. Curr Opin
Immunol 2012; 24: 207-212 [PMID: 22236695 DOI: 10.1016/
j.coi.2011.12.009]
Le DT, Crocenzi TS, Uram JN, Lutz ER, Laheru DA, Sugar EA,
Vonderheide RH, Fisher GA, Ko AH, Murphy AL, McDougall K,
Ferber S, Brockstedt DG, Jaffee EM. Randomized phase II study
of the safety, efficacy, and immune response of GVAX pancreas
vaccine (with cyclophosphamide) and CRS-207 with or without
nivolumab in patients with previously treated metastatic pancreatic
adenocarcinoma (STELLAR). Available from: URL: http://
meetinglibrary.asco.org/content/146694-156
Firdaus I, Waterhouse DM, Gutierrez M, Wainberg ZA, George B,
Kelly K, Bekaii-Saab TS, Carrizosa DR, Soliman HH, Fraser CD,
Ko A, Pierce DW, Manax VG, Stergiopoulos SG, Hochster HS.
nab-paclitaxel (nab-P) + nivolumab (Nivo) ± gemcitabine (Gem)
in patients (pts) with advanced pancreatic cancer (PC). Available
from: URL: http://meetinglibrary.asco.org/content/159332-173
Zheng L. Neoadjuvant/Adjuvant GVAX Pancreas Vaccine (With
CY) With or Without Nivolumab Trial for Surgically Resectable
Pancreatic Cancer. Available from: URL: https: //clinicaltrials.gov/
ct2/show/study/NCT02451982
Khemka V. Study of Nivolumab Plus Chemotherapy in Patients
With Advanced Cancer (NivoPlus) (NivoPlus). Available from:
URL: https://clinicaltrials.gov/ct2/show/study/NCT02423954
Oft M. A Phase 1 Study of AM0010 in Patients With Advanced
Solid Tumors. Available from: URL: https: //clinicaltrials.gov/ct2/
show/NCT02009449
Hambleton J. Study of FPA008 in Combination With Nivolumab
in Patients With Selected Advance Cancers (FPA008-003).
Available from: URL: https://clinicaltrials.gov/ct2/show/study/
NCT02526017
Wainberg ZA, Eisenberg PD, Sachdev JC, Weise AM, Kaufman
DR, Hutchinson M, Tong S, Aromin I, Hu-Lieskovan S, Patnaik
A. Phase 1/2a study of double immune suppression blockade by
combining a CSF1R inhibitor (pexidartinib/PLX3397) with an anti
PD-1 antibody (pembrolizumab) to treat advanced melanoma and
other solid tumors. Available from: URL: http://meetinglibrary.
asco.org/content/159443-173
Rahma O. Safety and Immunological Effect of Pembrolizumab in
Resectable or Borderline Resectable Pancreatic Cancer (UVA-PCPD101). Available from: URL: https://clinicaltrials.gov/ct2/show/
NCT02305186
Khemka V, Weiss G. Study of Pembrolizumab Plus Chemotherapy
in Patients With Advanced Cancer (PembroPlus). Available from:
URL: https://clinicaltrials.gov/ct2/show/study/NCT02331251
Phase I/IIA Study MK-3475 With Chemotherapy in Patients With
Advanced GI Cancers (MK-3475 GI). Available from: URL:
https://clinicaltrials.gov/ct2/show/NCT02268825
Zheng L. Study With CY, Pembrolizumab, GVAX, and SBRT in

November 21, 2016|Volume 22|Issue 43|

Johansson H et al . Immune checkpoint therapy

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Patients With Locally Advanced Pancreatic Cancer. Available from:
URL: https://clinicaltrials.gov/ct2/show/study/NCT02648282
Indamdar S. ACP-196 Alone and in Combination With
Pembrolizumab in Subjects With Advanced or Metastatic
Pancreatic Cancer (KEYNOTE144). Available from: URL: https:
//clinicaltrials.gov/ct2/show/NCT02362048
Wang-Gillam A. Defactinib Combined With Pembrolizumab and
Gemcitabine in Patients With Advanced Cancer. Available from:
URL: https://clinicaltrials.gov/ct2/show/study/NCT02546531
Chung V. Vaccine Therapy and Pembrolizumab in Treating
Patients With Solid Tumors That Have Failed Prior Therapy.
Available from: URL: https://clinicaltrials.gov/ct2/show/study/
NCT02432963
Mahalingam D. Study of Pembrolizumab With REOLYSIN
® and Chemotherapy in Patients With Advanced Pancreatic
Adenocarcinoma. Available from: URL: https://clinicaltrials.gov/
ct2/show/NCT02620423
Rosenberg SA. Immunotherapy Using Tumor Infiltrating
Lymphocytes for Patients With Metastatic Cancer. Available from:
URL: https://clinicaltrials.gov/ct2/show/study/NCT01174121
Khleif SN. Gemcitabine and CT-011 for Resected Pancreatic
Cancer. Available from: URL: https://ClinicalTrials.gov/show/
NCT01313416
CT-011 and p53 Genetic Vaccine for Advanced Solid Tumors.
Available from: URL: https://clinicaltrials.gov/ct2/show/study/
NCT01386502
Wang L, Ma Q, Chen X, Guo K, Li J, Zhang M. Clinical
significance of B7-H1 and B7-1 expressions in pancreatic
carcinoma. World J Surg 2010; 34: 1059-1065 [PMID: 20145927
DOI: 10.1007/s00268-010-0448-x]
Zou W, Chen L. Inhibitory B7-family molecules in the tumour
microenvironment. Nat Rev Immunol 2008; 8: 467-477 [PMID:
18500231 DOI: 10.1038/nri2326]
Dong H, Zhu G, Tamada K, Chen L. B7-H1, a third member of
the B7 family, co-stimulates T-cell proliferation and interleukin-10
secretion. Nat Med 1999; 5: 1365-1369 [PMID: 10581077 DOI:
10.1038/70932]
Butte MJ, Keir ME, Phamduy TB, Sharpe AH, Freeman
GJ. Programmed death-1 ligand 1 interacts specifically with
the B7-1 costimulatory molecule to inhibit T cell responses.
Immunity 2007; 27: 111-122 [PMID: 17629517 DOI: 10.1016/
j.immuni.2007.05.016]
Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N.
Involvement of PD-L1 on tumor cells in the escape from host
immune system and tumor immunotherapy by PD-L1 blockade.
Proc Natl Acad Sci USA 2002; 99: 12293-12297 [PMID: 12218188
DOI: 10.1073/pnas.192461099]
Loos M, Giese NA, Kleeff J, Giese T, Gaida MM, Bergmann F,
Laschinger M, W Büchler M, Friess H. Clinical significance and
regulation of the costimulatory molecule B7-H1 in pancreatic
cancer. Cancer Lett 2008; 268: 98-109 [PMID: 18486325 DOI:
10.1016/j.canlet.2008.03.056]
Greenwald RJ, Freeman GJ, Sharpe AH. The B7 family revisited.
Annu Rev Immunol 2005; 23: 515-548 [PMID: 15771580 DOI:
10.1146/annurev.immunol.23.021704.115611]
Soares KC, Rucki AA, Wu AA, Olino K, Xiao Q, Chai Y, Wamwea
A, Bigelow E, Lutz E, Liu L, Yao S, Anders RA, Laheru D,
Wolfgang CL, Edil BH, Schulick RD, Jaffee EM, Zheng L. PD-1/
PD-L1 blockade together with vaccine therapy facilitates effector
T-cell infiltration into pancreatic tumors. J Immunother 2015; 38:
1-11 [PMID: 25415283 DOI: 10.1097/CJI.0000000000000062]
Wilke CM, Wei S, Wang L, Kryczek I, Kao J, Zou W. Dual
biological effects of the cytokines interleukin-10 and interferon-γ.
Cancer Immunol Immunother 2011; 60: 1529-1541 [PMID:
21918895 DOI: 10.1007/s00262-011-1104-5]
Song X, Liu J, Lu Y, Jin H, Huang D. Overexpression of B7-H1
correlates with malignant cell proliferation in pancreatic cancer.
Oncol Rep 2014; 31: 1191-1198 [PMID: 24378899 DOI: 10.3892/

WJG|www.wjgnet.com

72

73

74

75

76

77

78

79

80

81

82

83

84

85

9475

or.2013.2955]
Blank C, Kuball J, Voelkl S, Wiendl H, Becker B, Walter B,
Majdic O, Gajewski TF, Theobald M, Andreesen R, Mackensen
A. Blockade of PD-L1 (B7-H1) augments human tumor-specific
T cell responses in vitro. Int J Cancer 2006; 119: 317-327 [PMID:
16482562 DOI: 10.1002/ijc.21775]
Nomi T, Sho M, Akahori T, Hamada K, Kubo A, Kanehiro H,
Nakamura S, Enomoto K, Yagita H, Azuma M, Nakajima Y.
Clinical significance and therapeutic potential of the programmed
death-1 ligand/programmed death-1 pathway in human pancreatic
cancer. Clin Cancer Res 2007; 13: 2151-2157 [PMID: 17404099
DOI: 10.1158/1078-0432.CCR-06-2746]
Borazanci EH, Hong DS, Gutierrez M, Rasco DW, Reid TR,
Veeder MH, Tawashi A, Lin J, Dimery IW. Ibrutinib durvalumab
(MEDI4736) in patients (pts) with relapsed or refractory (R/R)
pancreatic adenocarcinoma (PAC): A phase Ib/II multicenter
study. Available from: URL: http://meetinglibrary.asco.org/
content/160089-173
Massó-Vallés D, Jauset T, Serrano E, Sodir NM, Pedersen K,
Affara NI, Whitfield JR, Beaulieu ME, Evan GI, Elias L, Arribas
J, Soucek L. Ibrutinib exerts potent antifibrotic and antitumor
activities in mouse models of pancreatic adenocarcinoma.
Cancer Res 2015; 75: 1675-1681 [PMID: 25878147 DOI:
10.1158/0008-5472.CAN-14-2852]
Jänne PA. A Study to Assess the Safety, Tolerability, Pharma
cokinetics and Anti-tumour Activity of Ascending Doses of
Selumetinib in Combination With MEDI4736 in Patients
With Advanced Solid Tumours. Available from: URL: https://
clinicaltrials.gov/ct2/show/NCT02586987
Govindan R. MEDI4736 (Durvalumab) in Patients With Brain
Metastasis From Epithelial-derived Tumors. Available from: URL:
https://clinicaltrials.gov/ct2/show/NCT02669914
Sun W. Phase Ib/II Study of MEDI4736 Evaluated in Different
Combinations in Metastatic Pancreatic Ductal Carcinoma.
Available from: URL: https://clinicaltrials.gov/ct2/show/study/
NCT02583477
Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu
P, Drake CG, Camacho LH, Kauh J, Odunsi K, Pitot HC, Hamid
O, Bhatia S, Martins R, Eaton K, Chen S, Salay TM, Alaparthy
S, Grosso JF, Korman AJ, Parker SM, Agrawal S, Goldberg SM,
Pardoll DM, Gupta A, Wigginton JM. Safety and activity of
anti-PD-L1 antibody in patients with advanced cancer. N Engl
J Med 2012; 366: 2455-2465 [PMID: 22658128 DOI: 10.1056/
NEJMoa1200694]
Goldberg MV, Drake CG. LAG-3 in Cancer Immunotherapy. Curr
Top Microbiol Immunol 2011; 344: 269-278 [PMID: 21086108
DOI: 10.1007/82_2010_114]
Fourcade J, Sun Z, Pagliano O, Guillaume P, Luescher IF, Sander
C, Kirkwood JM, Olive D, Kuchroo V, Zarour HM. CD8(+) T cells
specific for tumor antigens can be rendered dysfunctional by the
tumor microenvironment through upregulation of the inhibitory
receptors BTLA and PD-1. Cancer Res 2012; 72: 887-896 [PMID:
22205715 DOI: 10.1158/0008-5472.can-11-2637]
Sakuishi K, Apetoh L, Sullivan JM, Blazar BR, Kuchroo VK,
Anderson AC. Targeting Tim-3 and PD-1 pathways to reverse T
cell exhaustion and restore anti-tumor immunity. J Exp Med 2010;
207: 2187-2194 [PMID: 20819927 DOI: 10.1084/jem.20100643]
Waickman AT, Alme A, Senaldi L, Zarek PE, Horton M, Powell
JD. Enhancement of tumor immunotherapy by deletion of the
A2A adenosine receptor. Cancer Immunol Immunother 2012; 61:
917-926 [PMID: 22116345 DOI: 10.1007/s00262-011-1155-7]
Yi KH, Chen L. Fine tuning the immune response through B7-H3
and B7-H4. Immunol Rev 2009; 229: 145-151 [PMID: 19426220
DOI: 10.1111/j.1600-065X.2009.00768.x]
Matsuzaki J, Gnjatic S, Mhawech-Fauceglia P, Beck A, Miller A,
Tsuji T, Eppolito C, Qian F, Lele S, Shrikant P, Old LJ, Odunsi K.
Tumor-infiltrating NY-ESO-1-specific CD8+ T cells are negatively
regulated by LAG-3 and PD-1 in human ovarian cancer. Proc Natl

November 21, 2016|Volume 22|Issue 43|

Johansson H et al . Immune checkpoint therapy

86

Acad Sci USA 2010; 107: 7875-7880 [PMID: 20385810 DOI:
10.1073/pnas.1003345107]
Hawkins WG. Lag-3 and Gemcitabine for Treatment of Advanced
Pancreas Cancer. Available from: URL: https://clinicaltrials.gov/

87

ct2/show/study/NCT00732082
Le DT. GVAX Pancreas Vaccine (With CY) and CRS-207 With
or Without Nivolumab. Available from: URL: https://clinicaltrials.
gov/ct2/show/study/NCT02243371
P- Reviewer: Kleeff J, Somani P S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

9476

November 21, 2016|Volume 22|Issue 43|

World J Gastroenterol 2016 November 21; 22(43): 9477-9487
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i43.9477

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Role of ultrasound in colorectal diseases
Renáta Bor, Anna Fábián, Zoltán Szepes
as a screening imaging modality in asymptomatic
patients can identify several colonic diseases such
as diverticulosis, inflammatory bowel disease or
cancer. In addition, it is widely available, cheap,
non-invasive technique without the use of ionizing
radiation, therefore it is safe to use in childhood or
during pregnancy, and can be repeated at any time.
New ultrasound techniques such as elastography,
contrast enhanced and Doppler ultrasound, miniprobes rectal and transperineal ultrasonography have
broadened the indication. It gives an overview of the
methodology of various ultrasound examinations,
presents the morphology of normal bowel wall and
the typical changes in different colonic diseases. We
will pay particular attention to rectal and transperineal
ultrasound because of their outstanding significance
in the diagnosis of rectal and perineal disorders. This
article seeks to overview the diagnostic impact and
correct indications of bowel ultrasound.
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Core tip: Ultrasound is an easy to perform and widely
available examination, which could be useful as a
first-line diagnostic modality for the identification
of numerous colonic diseases, nevertheless it is
undervalued and is not performed in all patients.
Therefore, the aim of our publication is to assess the
advantages and limitations of transabdominal, rectal,
transperineal ultrasound and mini-probe examination
in the diagnosis of colonic disorders. In addition, it
summarizes the typical ultrasound morphological signs.

Abstract
Ultrasound is an undervalued non-invasive examination
in the diagnosis of colonic diseases. It has been
replaced by the considerably more expensive magnetic
resonance imaging and computed tomography, despite
the fact that, as first examination, it can usefully
supplement the diagnostic process. Transabdominal
ultrasound can provide quick information about bowel
status and help in the choice of adequate further
examinations and treatment. Ultrasonography,
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INTRODUCTION

Table 1 Ultrasonic features of the gut wall: Five concentric
ring with alternating echogenicity can be distinguished
by ultrasound examination the rings correspond to the
histological layers of the gut wall

Endoscopic examination provides the most accurate
information about the morphology of intestinal
mucosa, although the pathological changes of the
colonic wall, surrounding tissues and organs may be
examined by cross sectional imaging modalities such
as ultrasound (US), computed tomography (CT) and
magnetic resonance imaging (MRI). None of these
imaging modalities are able to identify all types of
colonic diseases, however they can complement
each other preferably during the diagnostic process.
Detailed transabdominal ultrasound examination
forms an essential part of the investigation of gut,
nonetheless in many departments it is undervalued
and not performed in all patients. US can provide quick
information about a variety of bowel diseases as a
first, widely available cross section imaging modality,
and may help in the choice of adequate further
examinations and treatment. In addition, US screening
of asymptomatic patients could also identify accidental
bowel diseases such as colonic cancer or diverticulosis.
The bowel US examination is a safe, widely avai
lable, cheap, noninvasive imaging technique which
allows real-time examination of the intestines without
the use of ionizing radiation and can be performed
[1]
at any time . The greatest disadvantage is that the
evaluation of the bowel depends more on the operator
experience and expertise than the sonographic evalua
[2]
tion of other abdominal organs . Lack of patients’
cooperation, body habitus (abdominal obesity, spinal
deformity) or the presence of intraluminal bowel
gas can make the visualization of the gut difficult.
Although the standard transabdominal US (TAUS) is
highly predictive and useful for the diagnosis of bowel
processes, it is usually nonspecific, and the negative
finding does not exclude the presence of a bowel
[3]
disease . Therefore, in the last decade the importance
of TAUS for the investigation of the gut has become
increasingly questioned, and it is often replaced by
other cross-sectional imaging modalities such as
MRI and CT. The appearance of new US technique
such as elastography, contrast-enhanced ultrasound,
high resolution US and the development of rectal
ultrasound (RUS) and transperineal ultrasound (TPUS)
contribute to the extension of the indication area and
the improvement of diagnostic accuracy.
The aim of our article is to systematically review
the literature dealing with the findings, the diagnostic
yield and correct indications of standard TAUS
examinations for the diagnosis of colonic diseases.
Particular attention will be payed to RUS, TPUS and
mini-probes which are increasingly important in the
diagnosis of rectal and perianal disorders.

Echogenicity
Central area with variable
echogenicity (fluid - hypoechoic;
gas - echogenic)
Echogenic layer
Hypoechoic layer
Echogenic layer
Hypoechoic layer
Echogenic layer

Bowel lumen

Interface between the bowel lumen
and mucosa
Mucosa/muscularis mucosae
Submucosa
Muscularis propria
Interface between adventitia/serosa
and surrounding structures

with band frequency of 3.5-17 MHz. Two types of
probes with different US frequency may be used
consecutively for the examination of the intestines and
abdominal organs. Firstly, the use of low, 3.5-5 MHz
frequency probes is recommended in order to obtain
a panoramic view of the abdomen which could help
to localize pathological conditions. Specific attention
should also be focused on the region of tenderness
or pain described or where resistance was found on
physical examination. The standard examination
should then be followed by high frequency (5-17 MHz)
ultrasonography which provides detailed information
[4]
about bowel wall layers and the surrounding tissues .
The five layers of the colonic wall may be clearly
distinguishable; they appear in the US image as
concentric rings of alternating echogenicity. These
rings seen at US examination correspond to the
histological layers of the bowel wall: the first echogenic
line is the mucosal layer followed by the hypoechoic
ring of muscularis mucosae, the echogenic ring of
submucosa and the hypoechogenic ring of muscularis
propria. Most peripherally is found an echogenic ring
that represents the adventitia or serosa depending on
the bowel location. (Table 1) The colon and the small
intestines may be distinguished from each other based
on the presence of haustration or the Kerckring’s
folds. Several studies considered that colonic diseases
may be manifested as decreased compressibility
of the thickened bowel walls, dilation of the lumen,
conglomeration of loops and they could be associated
with extramural lesions such as fistulas, abscesses,
[3,5]
lymphadenomegaly, and pericolonic inflammation .
The measurement of wall thickness is essential.
Thickness of the normal intestinal wall does not exceed
3 mm with slight probe compression, stratification
is preserved, intramural vascularization is weak and
[6]
peristalsis is normal . In healthy adults the wall
thickness of the sigmoid bowel could be greater due to
[7]
the wide muscularis propria . Elastography, the use of
oral contrast agents, color power (flow) Doppler and
the contrast enhanced ultrasonography (CEUS) help to
clarify the diagnosis with the examination of intramural
blood flow, the identification of the affected intestinal

IMAGING TECHNIQUE, NORMAL BOWEL
MORPHOLOGY
TAUS is carried out by convex or linear probes
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are manifested in the form of hypoechogenic tracks
near the rectum and anal canal, and the abscesses
are large, hypoechogenic structures with or without
[16]
inhomogeneous, hyperechogenic content . TPUS
does not require special patient preparations such
as enemas or the injection of contrast agents, and
it can be beneficial when other radiological imaging
modalities are contraindicated or not appropriate
(MRI for patients with metallic clips, for those who
suffer from claustrophobia; EUS for patients with anal
stenosis or serious perianal inflammation and intense
[17]
local pain) .
RUS is the firstly developed endosonographic
technique, and since the 1980s more and more
articles have been published about this imaging
method. It is simple, quick, safe and not burdensome
for patients, nonetheless it can provide relevant
[15]
information for the choice of the optimal treatment .
It is an easy to learn procedure with a relatively
short learning curve. Previous studies suggested
that in case of rectal cancer the diagnostic accuracy
significantly improved and reached the plateau after
[18,19]
30 examinations
. A recent investigation of Liu et
[20]
al revealed that approximately 80 rectal ultrasounds
have to be performed before one can assess the indepth tumor invasion. The limitation of the method
is its strong operator dependency, but it also means
that RUS performed by an experienced examiner
may be a highly qualified and informative imaging
[21,22]
technique
. Rigid, “blind” rectal transducer,
flexible echoendoscope and ultrasound microprobe
introduced through the working channel of a flexible
endoscope are available. The five concentric layers
of the rectal wall are well distinguishable with
the transducer using standard band frequency of
3.5-17 MHz (Figure 1), additionally high frequency
(5-30 MHz) endosonography and 3D imaging may
[23,24]
further increase the diagnostic accuracy
. For
the accurate examination, rectal preparation with
enema or complete colonic preparation should be
[25]
performed to avoid artifacts . Sedation and analgesia
is optional, but recommended in case of severe,
painful perianal infection. During the examination the
patient is placed in left lateral position. The ultrasound
transducer should be introduced to the recto-sigmoid
border after rectal digital examination considering
the previous results of endoscopic and rectal digital
exam. During the examination the probe with the
water-filled balloon is slowly withdrawn to the anal
canal. Rectal ultrasound-guided fine needle aspiration
(EUS-guided FNA) allows histological and cytological
sampling of submucosal/intramural and extraluminal
pathological lesions surrounding the rectum even
in those cases when other sampling techniques are
not feasible. The endosonographic needle is inserted
into the rectum through the working channel of the
linear echoendoscope and punctures the target lesion
under continuous real-time ultrasound guidance. This
technique may result in both histological (formalin

(1) Layer: Epithelium/mucose
(2) Layer: Muscularis mucosae
(3) Layer: Submucosa
(4) Layer: Muscularis propria
(5) Layer: Adventitia/serosa

Figure 1 Radial rectal endoscopic ultrasound image: On the right side
of the rectum, layering of the rectal wall is retained (white arrows); but
normal wall structure has disappeared on the left part of rectum, rectal
cancer which involves the third/submucosal layer (uT2).

segments, and to differentiate inflammation, fibrotic
[8-10]
and neoplastic conditions
.
Elastography can evaluate the stiffness of tissues
by measuring their elasticity, and display it as a colored
real-time elastogram (qualitative elastography) in the
conventional B-mode ultrasound image with a special
software. During the examination, the axial change
in tissue is continuously monitored in response to the
[11,12]
applied ultrasound force
.
Color power (flow) Doppler US is useful for
estimating the presence, the density or absence of
vascular signals in the large blood vessels, but it is not
sensitive enough to detect slow and low-volume flow
[6,13]
of smaller vessels of the gastrointestinal organs
.
The flow of big intraabdominal veins and arteries
(aorta, coeliac trunk, superior and inferior mesenteric
artery, portal vain, etc.), the vascularity of thickened
bowel segments and pathological extra- or intraluminal
structures could be examined.
The use of CEUS allows precise analysis of the
vascularity of bowel abnormalities. This modality
is based on the detection of US contrast agents
consisting of microbubbles (1-7 µm) which are injected
in the peripheral veins, and appear about 20-30 s
later in the target tissue. It may help to differentiate
ischemic intestinal necrosis (lack of contrast filling),
inflammation (symmetric thickening with low resistivity
index) and neoplasia (asymmetric thickening with high
[14]
resistivity index) .
TPUS examinations are performed using a standard
transabdominal ultrasonographic microconvex or
linear probe with a 16 to 36 MHz frequency range
transducer which is covered with ultrasonographic gel
and is introduced in gloves for hygienic reasons. TPUS
does not require specific preparation of the rectum.
The high US frequency allows detailed, high-resolution
imaging, however the depth penetration is poor, only
the 5-7 cm wide subsurface area can be examined.
TPUS examination is effective in the diagnosis of
perianal diseases such as perianal Crohn’s disease,
[15]
cryptogenic perianal fistulas or abscesses . Fistulas
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A

B

Figure 2 Transabdominal ultrasound image of patient. A: Active extensive ulcerative colitis. The wall of the transverse colon is widened (largest diameter: 12 mm)
and the lumen is narrowed; B: Stricturing ileocolonic Crohn’s disease. Thirty-three millimeter long fibrotic stenosis at the end of the terminal ileum.

[30]

fixed pieces of tissue) and cytological samples (smears,
liquid based cytology). RUS-guided FNA may help to
distinguish malignant (recurrent neoplasm, metastatic
lymph node, mesenchymal tumor, etc.) and benign
(reactive lymphadenopathy, endometriosis, cysts,
abscesses, etc.) lesions. The low negative predictive
value is the most important disadvantage of the
examination; therefore, negative cytological result
cannot exclude the presence of malignancy.

and a specificity of 98% (95%CI: 95%-98%) , but
individual experience, the severity of the disease and
the localization of the affected bowel part have a great
influence as well. While the sensitivity of US might be
as high as 98% in the sigmoid and descending colon,
[9,31]
it is only about 15% in the rectum
. The modality
allows monitoring the efficacy of medical therapy,
determining the optimal time for control endoscopy,
and provides information about areas inaccessible
[32]
for endoscopy . Intraabdominal complications of
CD, such as abscess formation, narrowing of the
bowel lumen, fistulas between intestinal loops and
entero-cutaneous fistulas, can also be detected with
[30]
ultrasonography (Figure 2B).
Accurate localization and assessment of the extent
of fistulas before choosing the optimal surgical inter
vention is of crucial importance in perianal Crohn’s
[33]
disease (Figure 3). Reliable evaluation of the lesions
can result in decreased postoperative incontinence
[34]
and recurrence rates . Although MRI is considered
the “gold standard” method for the diagnosis of
anorectal abscesses and anal fistulas, a growing
amount of published evidence proves that besides
financial considerations, transducers with 10 MHz
frequency and local hydrogen peroxide contrast, as
well as 3D rectal ultrasound can be a real alternative
[35]
indeed . According to international studies, the
sensitivity of the two methods is similar, being around
[36,37]
85%-95%
, and this might be further improved to
100% by their concomitant use, thus both modalities
[38,39]
are recommended in complicated cases
. The role
of rectal ultrasonography in the diagnosis of perianal
Crohn’s disease is further confirmed by the guidelines
of European Crohn’s and Colitis Organization and
[40,41]
the American Gastroenterological Association
.
Moreover, persistent fistulas can be recognized with
rectal ultrasound even when the surface has started
to close due to anti-TNF alfa therapy, therefore it is a
potent option for the assessment of treatment efficacy
and for avoiding recurrence due to early cessation of
the treatment. Computed evaluation with imaging
programs and algorithms may further improve the

INFECTIVE COLORECTAL DISEASES
Gastrointestinal infections are the most common
causes of diarrhea worldwide. The diagnosis is based
on clinical history, results of laboratory tests, stool
microscopy and culture. Imaging such as TAUS
examination are usually performed, but the US finding
of infective colitis is not specific and not necessary for
the diagnosis. TAUS can detect bowel wall thickening,
enlarged lymph nodes, ascites and complications
of bowel infections such as colon dilatation, toxic
[26,27]
megacolon, perforation or intraabdominal abscess
.

INFLAMMATORY BOWEL DISEASE
The fluctuating disease course of inflammatory bowel
diseases (IBD) requires repeated imaging examinations
in the majority of patients to assess disease activity,
complications and treatment efficacy. Ultrasound is the
most appropriate initial imaging modality, especially in
case of an emergency. Abdominal ultrasonography is
suitable for assessing early stages of Crohn’s disease,
and it also facilitates the diagnosis of intraabdominal
complications (stricture, fistula and abscess), as well as
[28]
the evaluation of postoperative state after resection .
In Crohn’s disease, intestinal involvement is usually
characterized by thickening, decreased compressibility,
and increased vascularization of the intestinal wall
(≥ 4 mm), occasionally accompanied by pericolic
[7,29]
fluid accumulation and lymph node enlargement
(Figure 2A). Abdominal ultrasound detects these
changes with a sensitivity of 85% (95%CI: 83%-87%)
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Figure 3 Transperineal and rectal ultrasound images of a patient with complicated perianal Crohn’s disease: wide, hypoechoic fistula with seton thread.

Figure 4 Multiplex, hypoechoic pararectal abscesses in rectal and perianal ultrasound images of a patient with perianal Crohn’s disease.

and proctology; it can be a fast diagnostic tool as well,
[17]
especially in urgent cases .

sensitivity of rectal ultrasound. In a study conducted
[42]
by Caprioli et al
in 2006, the efficiency of MRI and
computer-assisted rectal ultrasonography proved to
be nearly identical (Image Measurement Professional
version 3.0, Bersoft Inc., Toronto, Canada - a computer
program evaluating the change in grey tones was
used). Using the same computer program, Losco et
[43]
al
confirmed that the activity determined with the
program correlates with the widely accepted Perianal
Disease Activity Index and the activity detected on
exploration of the fistulas.
Perianal ultrasound also plays a part in the diag
nosis of perianal complications of Crohn’s disease.
According to comparative studies, its sensitivity is
comparable to that of rectal ultrasound and MRI in
[44-46]
diagnosing perianal fistulas and abscesses
(Figure
4). Its availability and cost-effectiveness enable
perianal ultrasound to monitor real-time recovery of
fistulas, thus more expensive MRI might be avoided.
[45]
Maconi et al
showed that the sensitivity of TPUS is
relatively poor in the identification of extrasphincteric
and suprasphincteric fistulas (55.6% and 50%), but
it demonstrated an excellent sensitivity and PPV in
the recognition of anovaginal and transsphincteric
fistulas (sensitivity: 100% and 90%; PPV: 99.4% and
100%). No special preparation and instrumentation is
required, and it can be easily mastered, thus perianal
ultrasound might be well applied in gastroenterology

WJG|www.wjgnet.com

DIVERTICULAR DISEASE AND
DIVERTICULITIS
Diverticular disease is defined as clinically significant
and symptomatic diverticulosis, in contrast, diverticulitis
is the macroscopic inflammation of diverticula which
[47]
could associate with acute or chronic complications .
Both low and high frequency ultrasound examination
is appropriate for the identification of diverticula. The
diverticula appear in the US image as reduced gut
signature due to the absence/thinning of muscularis
propria, or as bright “ears” out of the intestinal
wall with acoustic shadow caused by the presence
[48]
of intradiverticular gas . In case of diverticulitis,
intestinal wall thickening, pericolic inflammation and
fluid could be detected beside the diverticula. During
the examination, substantial pain or tenderness occurs
[1]
by the compression of the affected area . Using color
Doppler US increased vascularity could be detected
in the affected, inflamed, and thickened gut wall.
The US morphology of diverticular abscesses varies
widely, they usually appear as anechoic cystic masses
[49]
containing echogenic debris and gas . Sensitivity and
specificity of US in the diagnosis of acute diverticulitis
[50-53]
is 84.6%-92% and 80.3%-90%
. Diagnostic
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accuracy of US and CT are comparable in diagnosing
diverticulitis. US is the firstly recommended imaging
modality, CT is required after an inconclusive or
[52]
negative US examination .

COLORECTAL CANCER
Colorectal cancer has the highest incidence rates of
all gastrointestinal malignancies worldwide, thus early
[63,64]
diagnosis and staging are of crucial importance
.
In the diagnosis of the primary colon cancers,
the role of standard abdominal ultrasonography
is negligible compared to endoscopy. Hypoechoic
bowel wall thickening with irregular contour, the loss
of stratification of the wall layers, and the absence
of normal peristalsis can all be suggestive of a
malignancy. Hepatic metastases from colorectal
malignancies may be detected with TAUS as a first
exploratory imaging technique. In fact, TAUS is
often the first choice for patients with a suspected
malignancy due to its non-invasive character, low
costs, and wide availability, even though the better
performance of CT scan and MRI should be kept
[65,66]
in mind
. Although the use of contrast agents
improves the efficacy of ultrasonography, CEUS still
proved to be inferior to multidetector-row CT in the
[67]
preoperative detection of liver metastases .
Due to their anatomical characteristics, rectal and
colon tumors require a different diagnostic and the
rapeutic approach. The precise location and extension
of the tumor as well as locoregional metastases make
up the basis for the optimal therapeutic choice, as well
as the identification of patients who might benefit from
preoperative neoadjuvant treatment or suitable for
local resection. Unlike TAUS that is unable to visualize
rectal tumors, rectal ultrasound provides accurate
assessment of the in-depth invasion of the tumor
(appearing as a hypoechoic mass causing disruption to
the normal layers of the rectal wall) with an accuracy of
64% to 95%, and its essential role in the local staging
[68,69]
of rectal cancer has already been established
. In
case of early rectal tumors, the high resolution of RUS
makes it even superior in distinguishing T1 and T2
tumors with a specificity of 86% (95%CI: 80%-90%)
[70]
compared to 69% (95%CI: 52%-82%) for MRI .
According to the consensus recommendation of the
European Organisation for Research and Treatment
of Cancer in 2014, RUS is the preferable modality
of staging in T1 tumors, whereas otherwise the
combination of MRI and RUS is beneficial in advanced
stages, regarding the fact that MRI provides better
[68,71]
assessment of the mesorectal fascia
.
The assessment of lymph node involvement
of rectal tumors poses a challenge for all available
imaging modalities, including RUS. According to a
meta-analysis covering 33 studies, it has a moderate
diagnostic value in preoperative nodal staging
with a pooled sensitivity and specificity of 69%
(95%CI: 0.63-0.75) and 77% (95%CI: 0.73-0.82),
[72]
respectively . Only perirectal lymph nodes can
be assessed with RUS, the evaluation of the entire
mesorectal area requires high-resolution MRI with
[71,73]
appropriate “rectal cancer protocol”
. Nodal staging
is basically based on morphological characteristics

GASTROINTESTINAL HEMORRHAGE
Ultrasound has limited role in the diagnosis of gastro
intestinal hemorrhage (GIH). Endoscopy is the goldstandard diagnostic modality followed by mesenteric
[53]
angiography and CT-angiography . Ultrasound
may be a good first diagnostic procedure as it can
sensitively identify the underlying colonic lesions in
the background of GIH such as diverticulosis, colonic
[54]
neoplasm or IBD .

ISCHEMIC COLITIS
Ischemic colitis is the most common gastrointestinal
vascular disease. In 80% of the cases it affects the
left colon causing lower GI hemorrhage at the border
of the area supplied by the superior and inferior
mesenteric artery, or at the junction of the inferior
[55]
mesenteric and hypogastric artery territory . True
arterial occlusion is rare, it is more commonly a result
of an impairment in the micro-vascularization of the
[56]
colonic wall . Significant arterial stenosis could be
identified by pulse Doppler scanning with high sensitivity
and negative predictive value which could exceed
[57]
90% . The characteristic US finding in ischemic colitis
is the hypoechoic gut wall thickening with variable
loss of mural stratification. Color flow Doppler imaging
may help to analyze the microcirculation of the colonic
wall. In the acute stage color flow is barely visible,
[58]
which may be a sign of necrosis . Absence of arterial
flow in the wall of the ischemic colon on the initial
color Doppler sonography is a good prognostic sign of
an unfavorable outcome. This factor is more closely
associated with the outcome than early clinical and
[59]
laboratory findings .

INTUSSUSCEPTION
The US morphology of intussusception is characteristic:
on the cross-sectional view multilayer pattern can be
seen with alternating concentric hypoechogenic and
echogenic circles (“onion”, “doughnut” or “bull’s eye”
[60]
sign) . On the longitudinal image, multiple parallel
line can be seen with various echogenicity, this
typical, sandwich-like appearance is the so-called
[61]
“pseudokidney sign” . The sensitivity and specificity
of US in the identification of intussusception is about
100% and 90%, so in childhood US alone is sufficient
[8]
for the diagnosis . In adults, almost 90% of the
intussusception cases is caused by an underlying
bowel lesion, which is benign or malignant colonic
[1]
tumor in the vast majority of the cases , therefore CT
scan is mandatory to identify the root causes and the
[62]
complications .
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assessment of superficial lesions, impaired in-depth
acoustic penetration limits their accuracy in case of
larger or more advanced tumors. Neither are they
[71]
capable of lymph node assessment .
The development of forward viewing radial
echoendoscopes has also brought new perspectives
to colorectal cancer staging beyond the rectum. The
forward viewing design makes safe maneuvering
through the sigmoid colon feasible, and the radialarray provides circumferential evaluation of colorectal
lesions. An additional benefit of the design is the
opportunity for diagnosing and staging colorectal
[69]
cancer at the same time .
Elastography offers a promising and highly accurate
method for differentiating benign and malignant
colorectal lesions based on the differences in tissue
hardness. A strain ratio (SR) of 1.25 serves as a cutoff for the optimal distinction - malignant tumors have
a SR > 1.25, whereas benign lesions present with a
SR < 1.25. Moreover, elastography is even superior
to MRI and tissue sampling in terms of identifying
early adenocarcinomas and distinguishing them
from adenomas. The characterization of pathological
lymph nodes has not involved their elasticity yet, but
reports suggest that they might be more rigid than the
perirectal fat tissue. Thus, elastography might as well
[69,77,84]
play a part in the lymph node assessment
.
Contrast-enhanced EUS (CE-EUS) might provide
dynamic measurement of the tumor angiogenesis in
rectal tumors. Although the information is still limited
regarding the exact role of CE-EUS in rectal cancer,
initial research suggests that one of the computed
parameters - enhanced intensity - might serve as
a noninvasive biomarker of tumor angiogenesis as
microbubble contrast agents make visualization of
the microcirculation possible. Different microvessel
structure of adenomas (homogenous appearance,
later contrast enhancement with lower intensity)
and adenocarcinomas (irregular appearance, earlier
contrast enhancement) may assist the detection of
these lesions, but large tumors with intratumoral
necrosis might as well present with low contrast
uptake. CE-EUS parameters might also contribute to
the improvement of the inter-observer variability of
[69,77,84]
RUS
.
In certain cases, RUS might also assist in the
treatment of rectal cancer. Fiducial markers used to
delineate the target lesion in radiotherapy can be
placed safely with the guidance of RUS, although
there are only case reports available about this
[69]
application .

(size greater than 5 mm, mixed signal intensity,
irregular borders, and spherical rather than ovoid or
[74]
flat shape) . However, the size criteria might lead to
deceptions and substantial overstaging as enlarged
reactive lymph nodes of a benign character can easily
[71]
be mistaken for a metastasis . Rectal EUS-FNA can
assist the diagnosis of metastatic lymph nodes, but
considering its moderate negative predictive value
(77%) and the possible sampling errors, negative FNA
[68,75]
results cannot rule out a presence of a metastasis
.
Color and pulsed Doppler technique might also
facilitate the diagnosis of malignant lymph nodes. Peak
systolic velocity > 20 cm/s and resistivity index (RI) >
0.61 can be suggestive of a lymph node metastasis.
Although the former parameter might also be
increased in case of reactive lymph nodes, RI can still
be informative due to the fact that the compression
of blood vessels in the tumor formation often alters
the vessels’ resistance, while inflammation results in
[76]
dilated blood vessels with lower RI .
Due to the shift to preoperative chemotherapyirradiation in the management of rectal tumors,
restaging of lesions after neoadjuvant treatment has
come into focus. Tissue changes as a consequence of
neoadjuvant therapy (like peritumoral inflammation,
edema, fibrosis and necrosis) have a similar
hypoechoic appearance as tumorous lesions, therefore
[77,78]
they can be hardly distinguished
. As a result, the
accuracy of RUS impairs (65% for T staging and 72%
for N staging) and overstaging becomes dominant
leading to more radical surgical solutions. Similar to
other imaging modalities (CT scan, MRI), RUS fails to
provide sufficient information about the response to
[79,80]
neoadjuvant therapy
. However, the use of threedimensional reconstructions with higher resolution and
multiplanar display of the rectal and perirectal anatomy
[25]
might improve the performance of restaging .
Volume measurements also provide an opportunity to
monitor the tumor mass changes induced by chemo[81]
irradiation .
Considering the high recurrence rate of rectal
tumors, early detection is of crucial importance. RUSguided FNA might assist the diagnosis of perirectal
recurrence. Its sensitivity and specificity in this setting
[82]
can be as high as 97% and 100%, respectively .
With the application of Doppler technique, information
about the vasculature of the intra- and peritumoral
areas can further facilitate the differentiation of
[83]
recurrence and postoperative scarring .
The use of mini-probes that can be inserted
through the working channel of the conventional
colonoscope expands the indications of endoscopic
ultrasonography as they make proximal rectal and
colonic lesions accessible. Moreover, stenotic lesions
might also be passed easier with the reduced diameter
of mini-probes, thus staging becomes available in
the entire colon. However, even if the high-frequency
of mini-probes (12-30 MHz) provides excellent
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Submucosal/subepithelial lesions (SML) are endos
copically detectable abnormalities which could be
defined as mass-like lesions located under the
normal-appearing mucosal layer. They may arise from
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A

B

Figure 5 Rectal ultrasound image. A: Cystic lesion between the rectum and the uterus, it shows typical morphology of endometriosis; B: Inhomogeneous perirectal
tissue with rectal wall enlargement and lymphadenomegaly 2-years after resection of rectal cancer. RUS-FNA confirmed the recurrence of rectal adenocarcinoma.

diagnostic accuracy of CT and MRI. In urgent care,
TAUS is able to reveal intussusception, diverticulosis
or diverticulitis, thickening of the colonic wall caused
by infection, IBD or neoplasia, and it could help in the
choice of further examination and treatment. Ultra
sonography, as a screening imaging modality can
identify several colonic diseases such as diverticulosis,
IBD or cancer in asymptomatic patients. In addition,
endosonography (TPUS and RUS) has an indisputable
role in the diagnosis of certain colorectal diseases,
such as perianal Crohn’s disease, perianal abscesses
and submucosal lesions; as well as in the local
staging of rectal cancer. Novel ultrasound techniques
(3D reconstruction, elastography, CEUS) can further
improve the diagnostic accuracy, thus they might
open new perspectives to the general usage of
ultrasonography.

the colonic wall (intramural origin) or from extrinsic
processes (extramural origin); and could be benign
(vascular or cystic lesions, hematoma, endometriosis,
etc.) or neoplastic (lipoma, carcinoid tumor, gastro
intestinal stromal tumor, primary or metastatic
[84]
carcinoma, etc.) . Colonoscopy allows only a visual
evaluation of the mucosal changes, therefore it can
only assist in the identification and localization of
submucosal lesions. Cross-section imaging techniques
have essential role in the diagnosis of SML, because
they allow evaluation of the entire bowel wall and
the surrounding tissues. Due to its low sensitivity,
the importance of TAUS is limited in the diagnosis of
SML, it is replaced by CT, CT-colonography, MRI and
endoscopic ultrasound. RUS is able to distinguish
the extramural and intramural origin (Figure 5A). In
case of intramural lesions, it is able to characterize
the layers of origin or involvement, echogenicity,
smoothness of the border and internal features which
[85]
are different in benign and malignant processes .
Benign lesions are usually homogeneous hypo- or
hyperechoic lesions which sharply separated from the
surrounding tissues or organs, and are often limited
to only one mural layer. RUS allows histological and
[86]
cytological sampling as well . RUS-guided fine
needle aspiration (RUS-FNA) has high diagnostic
accuracy in the detection of cancer relapse: it
was more accurate than RUS alone in diagnosing
[87,88]
malignancy recurrence (92% vs 69%, P < 0.01)
(Figure 5B).
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Abstract

Ivan Jakopcic, School of Medicine, 51000 Rijeka, Croatia

Non-alcoholic fatty liver disease (NAFLD) is one of the
most common comorbidities associated with overweight
and metabolic syndrome (MetS). Importantly, NAFLD
is one of its most dangerous complications because it
can lead to severe liver pathologies, including fibrosis,
cirrhosis and hepatic cellular carcinoma. Given the
increasing worldwide prevalence of obesity, NAFLD
has become the most common cause of chronic liver
disease and therefore is a major global health problem.
Currently, NAFLD is predominantly regarded as a he
patic manifestation of MetS. However, accumulating
evidence indicates that the effects of NAFLD extend
beyond the liver and are negatively associated with a
range of chronic diseases, most notably cardiovascular
disease (CVD), diabetes mellitus type 2 (T2DM)
and chronic kidney disease (CKD). It is becoming
increasingly clear that these diseases are the result
of the same underlying pathophysiological processes
associated with MetS, such as insulin resistance,
chronic systemic inflammation and dyslipidemia. As
a result, they have been shown to be independent
reciprocal risk factors. In addition, recent data have
shown that NAFLD actively contributes to aggravation
of the pathophysiology of CVD, T2DM, and CKD, as
well as several other pathologies. Thus, NAFLD is a
direct cause of many chronic diseases associated with
MetS, and better detection and treatment of fatty liver
disease is therefore urgently needed. As non-invasive
screening methods for liver disease become increasingly
available, detection and treatment of NAFLD in patients
with MetS should therefore be considered by both (sub-)
specialists and primary care physicians.
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new risk factor for extrahepatic diseases, such as CVD,
chronic kidney disease (CKD), colorectal carcinoma,
T2DM and psoriasis. All major studies of the NAFLDrelated chronic diseases during the past 10 years have
involved CKD, CVD and T2DM. The clinical implication
of this new evidence is that patients with NAFLD
will benefit from more intensive surveillance and/or
early treatment interventions to lower the incidence
[1-4]
of diseases related to NAFLD . In this review, we
discuss the evidence linking NAFLD to extrahepatic
diseases.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Given the increasing worldwide incidence of
obesity and metabolic syndrome, non-alcoholic fatty
liver disease (NAFLD) has become the most common
cause of chronic liver disease. Recent developments
in the field have shown that NAFLD not only is a
“liver disease” but also is the underlying cause of an
increasing number of extrahepatic manifestations; thus,
it should be treated as a multisystem disease. NAFLD
is most prominently linked to chronic kidney disease,
mellitus type 2 and cardiovascular disease, as well
as a number of other severe chronic diseases. These
findings demonstrate that NAFLD ranks amongst the
most serious public health problems of our time.

CARDIOVASCULAR MANIFESTATIONS
OF NAFLD
Coronary artery disease (CAD) and stroke compose
more than 75% of CVD, which is the leading cause of
[4,5]
death worldwide . Primary and secondary preven
tion of CVD are unsatisfactory throughout the world,
and although the risk factors are well established, the
incidence of CVD is still increasing. Abdominal obesity,
arterial hypertension, T2DM and dyslipidemia are all
features of MetS and have been repeatedly found in
NAFLD. These findings prompt the question of whether
[6]
NAFLD is a symptom of MetS or a consequence .
Numerous studies have examined this question, and
the majority have suggested that NAFLD is the hepatic
[6]
manifestation of the MetS . Consequently, patients
with these conditions are also at an increased risk for
[7-9]
CVD because the common risk factors are shared .
Along with the epidemic of obesity, the prevalence of
MetS and NAFLD is increasing globally and is emerging
as a major public health problem.
Several retrospective hospital-based studies with
reasonably long follow-up have reported that patients
with NAFLD have a higher all-cause and CVD-related
[4,10-16]
mortality than that in the general population
.
Retrospective studies assessing the relationship bet
ween NAFLD and CVD risk are summarized in Table 1.
Table 2 summarizes the prospective studies inves
tigating the relationship between NAFLD and CVD
risk, which have indicated that most NAFLD patients
[17-25]
experience CVD events in the long term
.

Mikolasevic I, Milic S, Turk Wensveen T, Grgic I, Jakopcic
I, Stimac D, Wensveen F, Orlic L. Nonalcoholic fatty liver
disease - A multisystem disease? World J Gastroenterol 2016;
22(43): 9488-9505 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i43/9488.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i43.9488

INTRODUCTION
The overall incidence of nonalcoholic fatty liver disease
(NAFLD) is increasing along with that of obesity and
metabolic syndrome (MetS). Therefore, NAFLD is the
most frequent form of chronic liver disease that is
closely related to MetS and its individual components
[diabetes mellitus type 2 (T2DM), dyslipidemia,
obesity and arterial hypertension]. NAFLD is diagnosed
in people who do not have a history of excessive
urination, do not have any other secondary causes
of chronic liver disease (autoimmune and metabolic
liver diseases, viral hepatitis) and do not use medi
cation that can lead to liver steatosis. The clinical
presentation of NAFLD varies from simple steatosis to
nonalcoholic steatohepatitis (NASH), liver cirrhosis and
hepatocellular carcinoma (HCC). NASH-related cirrhosis
and NASH-related HCC are expected to become the
most common indications for liver transplantation in
the near future. Despite NAFLD’s substantial effects on
liver physiology, the major causes of death in patients
with NAFLD are, in fact, malignant and cardiovascular
diseases (CVD), whereas liver-related mortality is
[1-3]
only the third cause of mortality in these patients .
However, recent studies have shown that NAFLD
affects several extra-hepatic organs and regulatory
pathways and may be an important underlying cause
of mortality related to failure of other organs than the
liver. Recent findings have indicated that NAFLD is a

WJG|www.wjgnet.com

EVIDENCE RELATING NAFLD TO CVD
NAFLD is linked to increased CVD risk; hence, it is
critical to evaluate the markers of subclinical CVD and
NAFLD. Subclinical atherosclerosis can be detected
by several markers, such as increased carotid
intima-media thickness, increased coronary artery
calcification, impaired flow-mediated vasodilation and
increased arterial stiffness, all of which have been
investigated and strongly correlated with NAFLD,
independently of classical CVD risk factors and MetS
[26]
features .
Other factors associated with CVD found in NAFLD
are endothelial dysfunction, impaired left ventricular
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Table 1 Principal retrospective studies of cardiovascular diseases mortality and morbidity risk in patients with nonalcoholic fatty
liver disease (published in the past 10 years)
Ref.

Study design

Study size

Diagnosis of
NAFLD

Follow-up
duration (yr)

Adjusted
clinical
variables

Major findings

Retrospective;
Hospital-based

129

Histological

13.7

Stepanova et
al[15]

Retrospective;
Population-based

289

Histological

6.25

Ekstedt et al[14]

Matched for
gender, age
and country
No
adjustments
made

Retrospective;
Community-based

229

Histological

26.4

Rafiq et al[10]

Retrospective;
Hospital-based

173

Histological

13

NASH subjects (not those with simple steatosis)
had higher rates of all-cause, CVD and liver-related
mortality than the general population
Higher risk of liver-related mortality in NASH than
non-NASH. NAFLD and type II diabetes had the
highest risk for overall and liver-related mortality
NAFLD patients had increased risk of death, with
a high risk of death from CVD and liver-related
disease
Fibrosis stage predicted all-cause, CVD and liverrelated death
Higher liver-related mortality but no difference in
overall mortality (NASH vs simple steatosis)

Soderberg et
al[11]

Retrospective;
Hospital-based

118

Histological

18

Dunn et al[16]

Retrospective cohort

2343

Computed
tomography

5

Ekstedt et al[13]

No
adjustments
made
Matched for
gender, age
and year

Increased total mortality in NAFLD was
predominantly CV-related compared with matched
reference population
No significant association was found between
NAFLD and risk of all-cause mortality and causespecific
(CVD, cancer and liver) mortality and morbidity.
NAFLD patients
(steatosis > 30% on imaging) averaged 8 yr younger
than those without NAFLD

NAFLD: Nonalcoholic fatty liver disease; CVD: Cardiovascular diseases; NASH: Nonalcoholic steatohepatitis.

(LV) function, epicardial fat, and clinical manifestations,
such as obstructive sleep apnea syndrome and
[12]
microangiopathic consequences .

Arterial stiffness is an independent marker of
symptomatic CVD and is measured by pulse wave
[40]
velocity . It indicates a loss of arterial elastic pro
perties, which is linked to increased pulse pressure,
LV hypertrophy, subendocardial ischemia, endothelial
[41]
dysfunction and cardiac fibrosis . Several studies
have reported a strong association between NAFLD
[36,37,40,42-44]
and impaired arterial elastic characteristics
.
[45]
Furthermore, Lee et al
have found an independent
association between arterial stiffness and the risk of
NAFLD regardless of established CVD risk factors.
Circulatory endothelial dysfunction is one of
the earliest-appearing markers of atherosclerosis.
Disfunction is defined as brachial artery flow-mediated
dilatation, and is significantly lower in patients with
NAFLD compared with non-steatotic controls, thus
indicating that NAFLD is associated with endothelial
[44]
[46]
dysfunction, separately from MetS . Villanova et al
have reported that NAFLD without MetS is strongly
associated with increased carotid IMT.
The relationship between the degree of fatty
liver severity and epicardial fat thickness has been
[12,47]
described in obese NAFLD patients
. Epicardial fat
correlates with MetS, abdominal visceral adiposity,
[12,48-50]
atherosclerosis and CAD
. As a source of
vasoactive products and cytokines, it may regulate
coronary arterial tone and influence CAD, atrial
[12,51-55]
fibrillation, systolic dysfunction and heart failure
.
Cardiac steatosis has been found to be a strong
predictor of LV diastolic dysfunction in a study where

CLINICAL AND SUBCLINICAL CVD AND
NAFLD MARKERS
CVD risk in patients with NAFLD is related to increased
carotid intima media thickness (IMT), which is a
characteristic of subclinical atherosclerosis and an
important predictor of myocardial infarction, and the
[12,27-30]
presence of carotid atherosclerotic plaques
. The
strong relationship between increased IMT and NAFLD
has been confirmed in several studies indicating that
NAFLD predicts an increased carotid IMT independently
[12,31-36]
of traditional cardiometabolic risk factors
.
[37]
Salvi et al have evaluated the relationship be
tween NAFLD and subclinical vascular damage and have
found that NAFLD was associated with MetS in 48% of
the cases. In the same paper, IMT values were strongly
related to the number of metabolic syndrome factors.
[38]
In a study by Targher et al ; the severity of
liver histology in NAFLD is strongly correlated with
initial carotid atherosclerosis, independently of
classical risk factors, thus indicating that the degree
of liver damage may be important in atherosclerosis
progression. Subclinical cardiovascular disease is
shown to be closely associated with the severity of
[38,39]
liver disease
.
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Table 2 Principal prospective studies of cardiovascular diseases mortality and morbidity risk in patients with nonalcoholic fatty liver
disease (published in the past 10 years)
Ref.

Study design

Study
size

Diagnosis of
Follow-up
NAFLD
duration (yr)

Targher et al[17]

Prospective;
Hospitalbased

2013

Ultrasound

6.5

Hamaguch et
al[18]

Prospective;
Communitybased
Prospective;
Communitybased

1637

Ultrasound

5.0

4160

Ultrasound

7.3

Wong et al[24]

Prospective;
Hospitalbased

612

Ultrasound

1.8

Lazo et al[28]
Stepanova et
al[22]

Prospective;
Populationbased

11371

Ultrasound

14.3

Zhou et al[20]

Prospective;
Communitybased

3324

Ultrasound

4.0

Treeprasertsuk Prospective;
et al[25]
Communitybased

309

Ultrasound/
CT

11.5

11154

Ultrasound
and
advanced
fibrosis score
systems

14.5

Haring et al[19]

Kim et al[23]

Prospective;
Populationbased

Adjusted clinical variables

Major findings

Gender, age, BMI, smoking status, diabetes
NAFLD was independently
duration, alcohol consumption, BP, HbA1c, TG, associated with increased risk
HDL, LDL cholesterol, GGT, use of medications
of nonfatal CVD events and
(anti-hyperglycemic, antihypertensive, lipidCVD mortality
lowering, or anti-platelet drugs), and metabolic
syndrome
Gender, age, BMI, smoking, alcohol consumption, NAFLD was independently
BP, TG, HDL, LDL cholesterol, MetS
associated with increased risk
of nonfatal CVD events
Gender, age, WC, diabetes, alcohol consumption, NAFLD was independently
BP, physical activity, education level, civil status, associated with increased risk
equalized income, and Functional Co-morbidity of all-cause and CVD mortality
Index
in men
Gender, age, BMI, WC, smoking status, diabetes, NAFLD was independently
alcohol consumption, BP, fasting glucose, ALT,
associated with an increased
TG, HDL, LDL cholesterol, creatinine
prevalence of CVD at baseline,
but there was no significant
association between NAFLD
and risk of incident CVD
events
Gender, age, ethnicity, BMI, education, smoking
Independent increased risk
status, BP, alcohol consumption, physical
of CVD but no significant
activity, hypercholesterolemia diabetes
association between NAFLD
and all-cause and causespecific (CVD, cancer and liver)
mortality
No adjustment made
Patients with NAFLD had
about 3-fold higher rates of allcause and CVD mortality than
those without NAFLD
Gender, age
Framingham risk score
accurately predicted the
higher 10-yr CAD risk in
NAFLD patients and was the
only variable significantly
associated with the risk of
developing new onset CVD
events
Gender, age, ethnicity, education, income,
NAFLD was not associated
diabetes, BP, history of CVD, lipid-lowering
with increased all-cause
medication, smoking status, WC, alcohol
mortality. However, NAFLD
consumption, caffeine consumption, total and with advanced hepatic fibrosis
HDL cholesterol, transferrin saturation, and CRP was independently associated
with increased risk of all-cause
mortality. Increase in mortality
was almost entirely from CVD
causes

NAFLD: Nonalcoholic fatty liver disease; BMI: Body mass index; BP: Blood pressure; TG: Triglycerides; GGT: Gamma-glutamyl transferase; MetS:
Metabolic syndrome; WC: Waist circumference; ALT: Alanine aminotransferase; CRP: C-reactive protein; CVD: Cardiovascular diseases; NASH:
Nonalcoholic steatohepatitis.

[62]

subjects with a higher intra-hepatic fat content had a
[2,56]
significantly higher myocardial fat content
.
Coronary artery calcification (CAC) ascertained
by computed tomography is considered to be an
[57]
independent marker of CVD risk . A study conducted
in 2007 in subjects with MetS identified an independent
[58]
association of NAFLD with CAC . Similar results have
[59-61]
been reported by several other researchers
.
NAFLD is also correlated with impaired LV diastolic
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dysfunction. Goland et al
were the first to report
that NAFLD patients, in the absence of obesity,
hypertension, and T2DM, have altered LV geometry
[63]
and features of LV diastolic dysfunction. Fallo et al
have reported that NAFLD is significantly associated
with insulin resistance and LV diastolic function, thus
suggesting a parallel increase in metabolic and cardiac
risk.
On the basis of the above findings, NAFLD may
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Figure 1 Pathophysiological mechanisms linking obesity, nonalcoholic fatty liver disease, cardiovascular disease, chronic kidney disease and diabetes
mellitus type 2. NAFLD: Nonalcoholic fatty liver disease; RAAS: Renin-angiotensin-aldosterone system.

be an independent contributor to the development
of atherosclerosis and other structural and functional
cardiac alterations, which subsequently lead to clinical
CVD and potentially an increased risk of congestive
heart failure (HF).
Similar results have been shown in two large
population-based cohort studies (more than 7000
subjects) in which serum liver enzyme-diagnosed
NAFLD has been found to be independently associated
[64-66]
with an increased incidence of HF
.
Atrial fibrillation (AF) is one of the consequences of
diastolic dysfunction. Few studies have examined the
relationship between NAFLD and risk of incident AF
in subjects with T2DM. NAFLD has been shown to be
associated with an increased risk of AF, independently
of gender, age, hypertension, LV hypertrophy and PR
[12,67,68]
interval
. Additionally, a prospective study of
nearly 1000 subjects has reported that NAFLD is an
[69]
independent risk factor of AF .
NAFLD is also associated with prolonged QTc
interval (strong predictor of ventricular arrhythmias
[70,71]
and sudden cardiac death
) in T2DM even after
adjusting for multiple known risk factors, which is a
viable interpretation of the increased CVD mortality
[2,72]
associated with NAFLD
.
Echocardiographic findings of aortic valve scle
rosis have been linked with NAFLD, independently
of established CVD risk factors, in both diabetic
[2,73,74]
. Moreover, the
and non-diabetic individuals
ultrasonographic severity of NAFLD and LV diastolic
dysfunction are significantly associated.
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PATHOPHYSIOLOGICAL MECHANISMS
LINKING NAFLD AND CVD
Although several well-established common risk
factors explain the association between CVD and
NAFLD, the precise pathophysiological mechanisms
underlying this complex relationship are still unclear.
Numerous pathophysiological mechanisms link these
two diseases, including oxidative stress, atherogenic
dyslipidemia, subclinical inflammation, insulin
resistance, endothelial dysfunction and an abnormal
[12]
adipokine profile, as shown in Figure 1 .
Many studies have shown that components of
oxidative stress (possibly initiated by NAFLD) may
be involved in the pathogenesis of CVD and increase
[75-78]
CVD risk
. In patients with NAFLD, high levels
of triglycerides and low levels of HDL-C have been
observed, which indicates atherogenic dyslipide
[12,79]
mia
. Atherogenic dyslipidemia in conjunction with
insulin resistance and abdominal visceral adiposity
constitutes the major factor involved in accelerated
[12,80-82]
atherosclerosis
.
Hepatic accumulation of lipids causes subacute
[12]
liver inflammation . Atherosclerosis has been
correlated with liver damage, with increased levels in
patients with simple steatosis and especially in NASH
[12]
patients . Additionally, patients with NAFLD have
increased levels of circulating endothelial progenitor
cells (EPC), such levels are associated with the
severity of NAFLD. According to recent manuscript,
these cells may play a role in the early natural history
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of NAFLD. EPC might be increased in an attempt to
repair the endothelial damage resulting from metabolic
[83]
alterations accompanying NAFLD .
Insulin resistance is a crucial contributor to NAFLD,
MetS and atherosclerosis. Increased liver fat content
appears to be the best independent predictor of IR
[84,85]
in skeletal muscle, adipose tissue, and the liver
.
Hence, with more advanced stages of NAFLD, liver
fat is progressively increased, thus increasing the
risk of CVD. NAFLD may act as a stimulus for further
increased whole-body IR and dyslipidemia (with a
typical overproduction of triglyceride and cholesterolrich remnant particles), thereby leading to increased
[84,86]
atherosclerosis
.
Reduced adiponectin secretion, which has antiatherogenic, anti-inflammatory and anti-fibrotic
characteristics, in conjunction with increased leptin
secretion, which has the opposite effects, promotes
[12]
progression of fatty steatosis to NASH and CVD .
Additionally, TNF-a and IL-6 released from the
abdominal visceral fat influence mitochondrial and
endothelial dysfunction and increase free fatty acids
levels, which contribute to atherosclerosis and CAD
[12,87-89]
progression
.

subgroups with simple steatosis. Given the incidence
of these diseases, it is of clinical and scientific interest
to further elucidate the underlying mechanisms of
liver progression to prevent CVD complications.
NAFLD patients should be screened for CVD diseases,
as has been proposed by many authors. Further
studies should demonstrate how modification of the
underlying liver disease progression may affect CVD
outcome, to determine whether NAFLD treatment, and
consequently the reversion of liver disease, can lower
the incidence of CVD.

DIABETES MELLITUS AND NAFLD
Epidemiology of diabetes and NAFLD

T2DM is a multi-factorial disease, in which the body
no longer properly responds to physiological insulin
concentrations, generally as a result of chronic
hypernutrition and obesity. Hepatic IR, in addition to
chronic dyslipidemia, appears to be a key underlying
[93]
mechanism of NAFLD . Therefore, NAFLD and DM
often occur within the same patient. Epidemiological
studies have shown that 18%-33% of individuals with
NAFLD also have T2DM and as many as 66%-83%
of those with fatty liver disease have some form of
[94-96]
insulin resistance
. In a study in which NAFLD
patients were subjected to two-step hyperinsulinemic
euglycemic clamp analysis all subjects with NAFLD
[97]
were shown to be insulin resistant .
T2DM is a key risk factor for the development of
[95]
severe liver diseases . NAFLD patients with T2DM,
compared with people without this disease, have
[98]
a 2.6-fold higher risk of developing NASH . This
risk further increases with increasing body weight.
The prevalence of NASH development in obese
T2DM patients with NAFLD may be as high as 40%,
[99]
whereas it is less than 5% in people without T2DM .
T2DM is linked to an accelerated rate of liver fibrosis
[100]
progression
and strongly increases the risk of
[101]
developing cirrhosis
. Miele and colleagues have
shown that T2DM patients, compared with controls,
have an almost threefold higher risk of developing
[102]
hepatocellular carcinoma
. As a result, T2DM
increases the risk of liver-related death in NAFLD
[103]
patients by up to 22-fold .
Finally, a large prospective study has shown
that NAFLD increased the chances of developing
nonfatal coronary heart disease, ischemic stroke, or
cardiovascular death by more than 50% in T2DM
[104]
patients
. It is still unknown how NAFLD promotes
cardiovascular disease in T2DM, and pharmacological
therapy that increases the risk of developing CVD
[105,106]
should therefore be avoided in this patient group
.

NAFLD AND CVD GENETICS
The underlying genetic bases of both NAFLD and CAD
have been widely studied, and recenly reviewed by Li
[90]
et al . The authors have reviewed the literature on
gene polymorphisms of the leptin receptor (LEPR),
apolipoprotein C3 (APOC3), adiponectin-encoding gene
(ADIPOQ), peroxisome proliferator-activated receptors
(PPAR), sterol regulatory element-binding proteins
(SREBP), microsomal triglyceride transfer protein
(MTTP), transmembrane 6 superfamily member 2
(TM6SF2), tumor necrosis factors-alpha (TNF-α) and
manganese superoxide dismutase (MnSOD), all of
which have been linked to NAFLD and CAD.
Most consistently reported gene is patatin-like
[12]
phospholipase-3 (PNPLA3, known as adiponutrin) .
[91]
Petta et al
have evaluated carotid atherosclerosis in
NAFLD patients and have reported that the PNPLA3 GG
genotype is associated with a higher severity of carotid
atherosclerosis in younger subjects with NAFLD.
PNPLA3 gene variants may increase lipid storage in
the arterial walls and also induce release of ICAM-1,
an endothelium-derived inflammatory marker that
has been associated with myocardial infarction and
[12,92]
stroke
.

Key considerations

NAFLD is an independent contributor to CVD pro
gression and is associated with an enhanced risk of
cardiovascular disease, regardless of the established
risk factors. The risk of CVD mortality may be greater
in subgroups with a necro-inflammatory form of NAFLD
(e.g., NASH) and advanced fibrosis, compared with
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Pathophysiology of diabetes and NAFLD

Although IR appears to be essential for the develop
ment of both fatty liver disease and T2DM, an inability
of the liver to sense insulin is by itself does not induce
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Key considerations

NAFLD. This is illustrated by the observation that
liver disease is common but not universal in T1DM
[107]
patients . Consistently with the “multiple hit” theory,
additional risk factors, such as obesity, poor glycemic
control and age, are associated with development of
[108]
NAFLD in individuals with T1DM .
A key event in the development of NAFLD appears
to be the deregulation of insulin-mediated control of
hepatic production of glucose and lipids. In healthy
individuals, insulin impairs gluconeogenesis while
promoting lipogenesis. In NAFLD, especially in the
context of T2DM, a paradoxical situation occurs in
that IR results in a reduced ability to inhibit gluconeo
genesis, whereas insulin-driven lipogenesis still occurs
and is even enhanced. These circumstances have led
to the hypothesis that hepatic IR is partial, limiting
the Akt signaling arm while still allowing for SREBP1c
[109]
activation
. Indeed, animal studies have shown
that hepatic elimination of the insulin receptor does
not result in higher levels of triglycerides (TG) in the
[110]
liver or in circulation . Defects in Akt signaling result
in increased gluconeogenesis, whereas impaired
activation of PKCλ is associated with hypolipidemia and
[111]
decreased expression of SREBP1c .
To assess the model of selective hepatic postreceptor insulin resistance in humans, Semple RK
and colleagues have studied a number of patients
with rare mutations in either the insulin receptor or
[112]
in the protein kinase Akt2
. Patients with primary
defects at the level of the insulin receptor did not have
metabolic dyslipidemia. In contrast, patients with Akt2
mutations showed marked metabolic dyslipidemia with
elevated fasting TG, high VLDL/TG/cholesterol ratios,
low HDL cholesterol levels and high small dense LDL
levels. Additionally, liver fat and hepatic lipogenesis
were strongly increased in these patients.
A second factor that contributes to the aggravation
of NAFLD in T2DM is obesity-induced chronic systemic
inflammation, which originates in visceral adipose
[113]
tissue
. When adipocytes become hypertrophic
as a result of hypernutrition, their access to proper
[114]
oxygenation is reduced , and they become physically
[115]
restricted by the stromal matrix
. Hypertrophic
adipocytes therefore induce expression of stress ligands
on their cell membrane, thus activating the local immune
system and driving a sterile inflammatory response
[116]
in adipose tissue
. As obesity progresses, adipose
tissue inflammation is aggravated, ultimately leading
[116-118]
to the release of pro-inflammatory cytokines
.
The increased amount of free fatty acids (FFAs) in
circulation, caused by IR, stimulates FFA uptake by
the liver, thus contributing to lipid accumulation and
[119]
inflammation in the liver and development of NAFLD .
In summary, the clinical complications of T2DM and
NAFLD are both dependent on IR. However, differences
in secondary aggravating factors indicate that treatment
of one disease will not necessarily result in improvement
in the symptoms of the other (Figure 1).
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NAFLD is associated with a two to five times higher
risk for development of T2DM. Many authors have
suggested screening for T2DM in patients with NAFLD
by periodically performing simple laboratory tests.
Additionally, NAFLD patients with T2DM have a 2.6-fold
higher risk of developing NASH compared with patients
[98]
without this disease . This risk further increases with
body weight. The prevalence of NASH development
in obese T2DM patients with NAFLD may be as high
as 40%, whereas it is less than 5% in people without
[99]
T2DM . T2DM is associated with an accelerated rate
[100]
of liver fibrosis progression
and strongly increases
[101]
the risk of developing cirrhosis . In addition, T2DM
is associated with a higher prevalence of hepatic
malignancies in NAFLD patients. As a result, T2DM
increases the risk of liver-related death in NAFLD
patients by up to 22-fold. Future studies should deter
mine which screening regimens for liver disease should
be applied to which T2DM patients. Additionally, it is
not clear to what extent NAFLD contributes to T2DM
and whether improvement of its clinical parameters
might lower the risk for development of T2DM.
Moreover, it is not known whether treatment of NAFLD
could improve glycemic control in NAFLD patients who
have developed T2DM.

NONALCOHOLIC FATTY LIVER DISEASE
AND CHRONIC KIDNEY DISEASE
The prevalence of chronic kidney disease (CKD) is
approximately 4.3%-13% in the general population,
[4]
but it is expected to increase . Because there is a
high death risk primarily associated with adverse
cardiovascular events, less than half of CKD patients
develop end-stage renal disease (ESRD). Patients
with CKD stage three may benefit the most from
early referral strategies. There are many well-known
risk factors that contribute to the progression of
CKD, such as obesity, arterial hypertension, and
T2DM. Recognizing groups of patients at risk for
CKD is a clinical challenge. Owing to high morbidity,
mortality and healthcare costs related to CKD, many
scientists have sought to elucidate the underlying
cause of CKD, and identification of modifiable risk
factors for CKD has attracted increasing attention.
Recent data have shown that IR and MetS are related
to an increased incidence of albuminuria and CKD.
The strongest evidence for this pathogenic link is
that arterial hypertension and T2DM are the major
etiological factors of CKD. As shown by many authors,
NAFLD and CKD are related to the same group of
cardiometabolic risk factors, including MetS and its
individual components, and they are both associated
with an increased risk of incident CVD events.
CKD and NAFLD have several common traditional
and non-traditional cardiometabolic risk factors,

9494

November 21, 2016|Volume 22|Issue 43|

Mikolasevic I et al . NAFLD - Multisystem disease
[133]

including higher hemostatic and plasma factors,
lower circulating insulin-like growth factor-1 (IGF-1)
levels, hyperuricemia, oxidative stress biomarkers
and endothelial dysfunction. Recent studies have
shown a correlation between CKD and NAFLD: there
is a significantly higher prevalence of CKD in patients
with NAFLD/NASH compared with patients without
[1,3,4,120-124]
NAFLD/NASH
. Thus, it is not surprising
that the connection between NAFLD, IR and MetS
suggests that NAFLD may predict the occurrence of
CKD. Moreover, data from the United Network Organ
Sharing database from 2002-2011 have revealed an
increase in NASH-related cirrhosis after simultaneous
[1,123,125]
liver-kidney transplantation
. It is difficult to
determine a causal relationship between CKD and
NAFLD, owing to similarity in traditional risk factors for
NAFLD and CKD.

factors, MetS components and IR. Yilmaz et al
have
come to similar conclusions.
Our group has examined the association between
NAFLD and decreased kidney function. We have used
transient elastography (TE) with controlled attenuation
parameter (CAP) for NAFLD detection. In patients with
CKD stages 3 and 4, we have found a high prevalence
of NAFLD. In this study, the severity of liver steatosis
defined by CAP had a negative correlation with kidney
[134,135]
function
. Because one third of the population
has NAFLD, it is not possible to perform liver biopsy in
such large groups. Therefore, TE with CAP may be a
reasonable screening method for NAFLD, but further
studies are needed.
[124]
Another interesting study by Sesti et al
has
evaluated whether the severity of liver fibrosis estimated
by NAFLD fibrosis score is related to the higher
prevalence of CKD in patients with NAFLD. eGFR and
NAFLD fibrosis scores were assessed in 570 patients
with ultrasonography-diagnosed NAFLD. Subjects with a
high probability of liver fibrosis had a 5.1-fold increased
risk of having CKD (OR = 5.13, 95%CI: 1.13-23.28, P
= 0.03) compared with individuals at a low probability
after adjustment for gender, age and BMI. After
adjustment for statin therapy, glucose tolerance status
and anti-hypertensive treatment in addition to gender,
patients with a high probability of liver fibrosis had a
3.9-fold increased risk of CKD (OR = 3.94, 95%CI:
1.11-14.05, P = 0.03) compared with individuals at a
low probability.
A remaining question regarding the connection
between CKD and NAFLD is whether NAFLD is
only a risk marker or a pathogenic factor of CKD
development. Several prospective studies have
evaluated the relationship between NAFLD and the
development of CKD. These studies have shown that
NAFLD is independently associated with an increased
risk of CKD and/or microalbuminuria; the HR was 1.49
[136-139]
to 4.38
. Similar conclusions have been reached
[140]
retrospective study by Jia et al
. Unfortunately, no
studies have assessed whether changes in NAFLD
(either development of the severe form of NAFLD or
resolution of NAFLD) modify the risk of incidence of
[3]
CKD during the follow-up period .
In 2014, a meta-analysis of 33 studies was per
formed with a total of over two thousand participants
and has confirmed the relationship between NAFLD
[141]
and CKD
. In this meta-analysis, NAFLD has
been found to be correlated with an increasing risk
of prevalent (OR = 2.12, 95%CI: 1.69-2.66) and
incident (HR = 1.79, 95%CI: 1.65-1.95) CKD. Notably,
NASH was associated with a higher prevalence (OR =
2.53, 95%CI: 1.58-4.05) and incidence (HR = 2.12,
95%CI: 1.42-3.17) of CKD than simple steatosis.
Furthermore, advanced fibrosis was correlated with a
higher prevalence (OR = 5.20, 95%CI: 3.14-8.61) and
incidence (HR = 3.29, 95%CI: 2.30-4.71) of CKD than
[141,142]
non-advanced fibrosis
.

EPIDEMIOLOGICAL EVIDENCE LINKING
NAFLD AND CKD
On the basis of earlier observations that approximately
90% of patients with NAFLD have more than one
component of MS, and 35%-75% of patients meet the
diagnostic criteria, it is not surprising that patients with
[126]
NAFLD may also have decreased renal function . To
date, many cross-sectional and retrospective studies
involving patients with and without diabetes have
shown that the prevalence of CKD in patients with
NAFLD is increasing. In the majority of studies, the
relationship between CKD and NAFLD is independent
[127-131]
of co-morbidities, such as MetS and IR
. CKD is
defined by decreased estimated glomerular filtration
rate (eGFR) and/or the presence of significant pro
teinuria. By detecting elevated liver enzymes, such
as gamma-glutamyl transferase (GGT) or alanine
aminotransferase (ALT), or by imaging techniques,
primarily abdominal ultrasound, researchers diagnosed
NAFLD. Notably, approximately half of the patients’
aminotransferase levels, which are used as a marker
of liver damage, were normal. Accordingly, in patients
with normal aminotransferase values, NAFLD and
liver fibrosis cannot be excluded; thus, the results of
[121,126-131]
these studies should be carefully interpreted
.
Although it is an invasive technique with possible
sampling mistakes, liver biopsy remains the “gold
[126]
standard” in diagnosing and staging NAFLD
. In
the literature, few studies have used liver biopsy for
detection and grading of NAFLD in the context of CKD.
Interestingly, patients from a study with histologically
defined NASH had lower eGFR and higher prevalence of
CKD or abnormal albuminuria than matched controls.
[132]
A study by Targher et al
has shown that individuals
with biopsy-confirmed NASH had moderately decreased
eGFR and more frequent abnormal albuminuria and
CKD than the matched control group. Additionally, the
severity of NASH histology was related to decreased
kidney function, independently of traditional risk
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proteins: fetuin-A and adiponectin, whose serum levels
are associated with key components of MetS, but in
opposite directions. High serum levels of fetuin-A have
been found in patients with NAFLD and CKD. Fetuin-A
inhibits adiponectin synthesis and is also an inductor of
inflammatory signaling and IR, which are major factors
[3,74,144]
driving T2DM, CVD and CKD development
.
Another “puzzle” believed to be a link between
NAFLD and CKD is the renin-angiotensin system
(RAS). The expression levels of all RAS components
in hepatic stellate cells (HSC) in healthy liver are very
low. As such, HSCs are normally unable to secrete
angiotensin II (Ang II). When activated by hepatic
injury, HSCs and other hepatic myofibroblasts express
numerous components of the RAS, including receptor
of angiotensin-converting enzyme and the angiotensin
1 (AT1) receptor. As a result, contraction and pro
liferation of HSCs via the AT1 receptor are induced
because HSCs can synthesize Ang II. In the liver, IR
and de novo lipogenesis are promoted by Ang II, as
well as the production of proinflammatory cytokines.
A range of fibrogenic actions (which includes cell
migration, cell proliferation and collagen synthesis) is
also stimulated by Ang II. The hypothesis that HSCs
are activated and differentiated into myofibroblasts
through Ang II promotion has been supported by recent
studies. In addition, Ang II promotes inflammatory
cytokine release, as well as extracellular matrix protein
[121,145]
deposition in excessive amounts (Figure 1)
.

MECHANISM LINKING NAFLD TO CKD
Because NAFLD and CKD share many significant
cardiometabolic risk factors, it should come as no
surprise that these two diseases are closely associated.
It is crucial to understand the mechanism linking
these two conditions because new strategies for
CKD prevention or treatment and its associated comorbidities may arise from novel insights into the
underlying mechanism. The key questions regarding
the link between these two conditions are (1) whether
shared cardiometabolic risk factors are the basis of
the association; (2) or whether NAFLD itself may,
independently of shared cardiometabolic risk factors,
contribute to CKD development; and (3) or whether
the CKD development risk is dependent on the
degree of liver disease in patients with NAFLD. These
questions will determine whether the risk is increased
with the severity of liver disease, such as NASH and/or
[74]
liver fibrosis presence or development .
Lipid and glucose metabolism is predominantly
regulated by the liver, which is also a major source of
inflammatory mediators linked with the pathogenesis
of CKD and CVD. IR is the key pathophysiological
factor for the development and progression of NAFLD.
In addition, IR has been attributed to the development
of CKD. Obesity is a known independent risk factor for
CKD. Similarly, MetS and obesity have been described
[121]
as strong predictors for the development of NAFLD .
The secretion of numerous classical biomarkers of
inflammation and endothelial dysfunction is partly
dependent on factors that are unregulated in the
presence of IR and the MetS, and are principally
produced by the liver. Therefore, a link between
the liver and the inflamed adipose tissue, which
releases FFA and secretes several proinflammatory
adipokines, is likely. IR is a major pathogenic factor
in the development of NAFLD and its associated
comorbidities because it increases FFA uptake in the
liver. As mentioned above, IR is a possible mechanism
that links NAFLD and CKD, because it is a risk factor
[3]
for CKD . When there is an increased influx of FFA,
and chronic inflammation is present, the target
and contributing factor in systemic inflammation is
probably the liver. Therefore, the increased expression
of intrahepatic cytokines mediated by hepatocellular
damage and fat-derived factors may have a role in the
[74,121,126,143]
progression of CKD in NAFLD
.
Other pathophysiological mechanisms may be
contributing factors in CKD development in patients
with NAFLD. NAFLD patients, for example, have
decreased plasma adiponectin levels, which are
inversely correlated with the degree of NAFLD. An
inverse correlation has also been found between
[3,74,144]
[144]
adiponectin levels and proteinuria
. Ix et al
have explained this association several years ago.
According to the authors, the mechanism that leads to
NAFLD and CKD, occurring due to fat, liver and kidney
communication, is established through two serum
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A popular area of scientific research is the emerging
evidence linking NAFLD and CKD. Many authors agree
that NAFLD (in particular, biopsy-proven NASH) is
associated with a greater prevalence of CKD, in spite
of the limitations of the studies that investigated the
association between NAFLD and CKD. Furthermore,
NAFLD is associated with an increased risk of
prevalence and incidence of CKD. Simple steatosis
is associated with a lower prevalence and incidence
of CKD than the necroinflammatory form of NAFLD
(e.g., NASH). Additionally, non-advanced fibrosis is
associated with a lower prevalence and incidence
of CKD than advanced fibrosis. These data suggest
that CKD is associated with the stage of liver disease.
According to the available literature, it is still not clear
whether NAFLD is only an indicator of increased risk of
CKD or is actively involved in the pathogenesis of CKD.
However, most authors support the hypothesis that
NAFLD is one of the pathophysiological mechanisms
in the development and progression of CKD. Certainly,
further prospective research is necessary to determine
whether NAFLD is only an indicator of CKD or is actively
[3,4,74,121,122,146]
involved in the pathogenesis of CKD
.
The mechanisms linking NAFLD and CKD have
not been completely elucidated, but these conditions
share common cardiometabolic risk factors and
the final clinical consequence of increased CVD
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morbidity and mortality. The prevalence of NAFLD is
continuously increasing in concert with the epidemic
of its risk factors: obesity and MetS and its individual
components. The increase in simultaneous liver-kidney
transplantation as well as the significant cost linked
with CKD in the NAFLD population indicate that this
relationship is a worthwhile target for screening and
[3,4,74,121,122,146]
therapeutic intervention
.
We expect that in the future, there will be an
increase in CKD incidence, given the association
of NAFLD and CKD. Treatment modalities that will
lower the comorbidity burden linked with NAFLD
may consequently decrease the risk of CKD. Future
research should determine whether the treatment
of liver disease will ultimately prevent or delay the
development and progression of CKD. Moreover, future
studies regarding NAFLD treatment should include the
renal function as one end-point.
The major risk factor that defines the prognosis of
all chronic liver disease, including NAFLD, is fibrosis.
To identify patients who require stringent clinical
surveillance to prevent development or progression of
both liver and renal complications, researchers can use
noninvasive methods to predict fibrosis in subjects with
NAFLD. Further studies to identify noninvasive markers
for practical detection of NAFLD in large populations
are needed. TE with CAP may be useful. On the basis
of current knowledge about the association between
CKD and NAFLD, patients with NAFLD should benefit
from regular (annual) screening for CKD, which may
include an analysis of simple laboratory parameters,
such as the determination of serum creatinine and
albuminuria. Then, physicians who manage those
patients should not only focus on liver disease but
also recognize extra-hepatic manifestations of NAFLD.
Additionally, physicians who manage patients with
impaired renal function should also screen patients for
[3,4,74,121,122,124,126,146]
NAFLD
.

the modern lifestyle. This hypothesis is supported by
studies showing that some of the factors of IR (insulin
and insulin-like growth factor 1 and 2) promote the
progression of precursor CRC (colon polyps) to invasive
adenocarcinoma. Therefore, some authors believe
that patients with diabetes should undergo frequent
[148-151]
endoscopic examinations of the colon
.
Studies conducted in recent years have demons
trated the importance of MS, IR and chronic inflam
mation in the pathogenesis of CRC. Additionally,
decreased levels of adiponectin promote malignant
alteration of cells in the colon. On the other hand, the
primary result of NAFLD is increased production of
different proinflammatory factors and procoagulant
factors from an “inflamed liver”. As stated previously,
patients with NAFLD have reduced levels of protective
adipokines and adiponectin. Therefore, common
factors among NAFLD, colon polyps and CRC in
clude IR, chronic inflammation, oxidative stress and
[2,4,147,148,149,150,152]
decreased levels of adiponectin
. In
recent years, an increasing number of publications
have identified NAFLD as an independent risk factor
for the development of adenomatous polyps and
[147-153]
[152]
CRC
. For example, Lee et al
have analyzed
5517 patients, 833 of whom had NAFLD detected
by abdominal ultrasound. The authors have found
that patients with NAFLD had twice the risk of
adenomatous polyps and a three times greater risk
of developing CRC. The importance of the increased
risk for developing CRC in patients with NAFLD is
[153]
discussed in a study by Wong et al , who have used
histopathological analysis to detect NAFLD and have
found that the presence of NAFLD was associated
with an increased incidence of adenomatous polyps
and precancerous lesions of the colon. Notably, the
researchers have found that patients with simple
steatosis were not at increased risk. The authors have
concluded that the presence of NAFLD is associated
with a high incidence of colorectal adenomas and highgrade colorectal carcinomas. The largest number of
adenomas was localized in the right colon. The authors
of this study strongly support screening for CRC in
these high-risk patients.

NONALCOHOLIC FATTY LIVER DISEASE
AND COLORECTAL CANCER
Colorectal cancer (CRC) is one of the most common
tumors worldwide. Inflammatory bowel disease and
genetic factors are well-known risk factors for the
development of CRC. Recent studies have shown that
75%-95% of all colorectal carcinomas are not caused
by genetic factors but are related to lifestyle factors.
Preventive colonoscopy examinations, detection of
precursors (polyps) and polypectomy are necessary to
[147-151]
reduce the development of invasive cancer
.
The search for new risk factors for developing
colon polyps as well as colon cancer is of interest to
many researchers. Numerous studies support the
hypothesis that patients with MetS have an increased
risk of CRC and that IR is associated with an increased
risk of developing CRC. MetS occurs as a result of
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Key considerations

Research conducted to date has suggested a possible
association between NAFLD and the risk of adenoma
polyp development and CRC, although they are very
heterogeneous. Future studies are necessary to confirm
the risk of CRC and adenomas in patients with NAFLD.
Further research should determine whether screening
for CRC is necessary in these patients and whether it
is necessary for young patients with MetS and NAFLD.
Additionally, future studies should determine whether
patients with NAFLD require more frequent and earlier
preventive colonoscopy examinations to reduce
morbidity and mortality from CRC.
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(TNF-α, IL-6, leptin, visfatin) and anti-inflammatory
(adiponectin) cytokines. Additionally, adiponectin
levels are lower in patients affected by both NAFLD
and psoriasis than in patients affected by psoriasis
[154,155-158,164-168]
without NAFLD
. Another hypothesis
is that NAFLD itself can contribute to the severity of
psoriasis by releasing proinflammatory cytokines from
[154]
the liver .

NONALCOHOLIC FATTY LIVER DISEASE
AND PSORIASIS
Psoriasis is a chronic inflammatory immune-mediated
skin disease, which is associated with various comor
[154-157]
bidities. Its prevalence in is 2%-3% worldwide
.
Currently, psoriasis has been proposed to be not
only disease of the skin but also a complex condition
with multisystem involvement. Moreover, psoriasis is
linked with MetS: cardiometabolic risk factors (e.g.,
hypertension, obesity, T2DM and dyslipidemia) are
more common in patients with psoriasis than in the
general population, thus conferring an increased
CVD risk. It is believed that the underlying low and
persistent inflammatory status with increased levels of
pro-inflammatory cytokines (TNF-α, IL-6) is responsible
for the metabolic dysregulation and for the higher CVD
risk in this skin disease. Furthermore, preliminary data
have shown that psoriasis is related to pro-thrombotic
conditions. To date, multiple studies have confirmed
the association between NAFLD and chronic plaque
[154-158]
psoriasis
. Recent studies have shown that the
prevalence of NAFLD, diagnosed either by imaging or
by histology, is higher in patients with psoriasis (with
prevalence up to 50% of these patients) compared
with controls. Psoriasis is associated with NAFLD even
after taking into account MetS components and other
potential confounding factors. Several researchers
believe that psoriatic patients are more likely to
develop advanced forms of NAFLD than non-psoriatic
controls and that NAFLD patients have more severe
[158-162]
psoriasis than those without it
. A recent meta[163]
analysis by Candia et al
of seven case-control
studies has found that psoriatic patients have a twofold
higher rate of NAFLD compared with people without
psoriasis. Among patients with more severe psoriasis
or psoriatic arthritis, this risk is even higher. However,
it is important to note that the cross-sectional design
of the abovementioned studies cannot ascertain the
temporality and causality of the relationship between
[158]
NAFLD and psoriasis .
Given that NAFLD and psoriasis, have a strong
connection with MetS, these findings are not surprising.
A chronic inflammatory state is the major characte
ristic of NAFLD patients. Thus, a low, subchronic
inflammatory state may serve as the connection
between NAFLD and psoriasis. Psoriasis and obesity
are directly related; psoriasis predicts the development
of obesity and MetS. Therefore, NAFLD and psoriasis
may be linked by obesity itself, which may contribute
to the development of further MetS components and
comorbidities. Consistently with this hypothesis is the
earlier observation that excess adipose tissue results in
unbalanced pro- and anti-inflammatory mediators and
that stronger inflammatory stimulation is responsible
for the initiation of the subchronic inflammatory
state. The pathogenesis of both psoriasis and NAFLD
depends on several cytokines, both proinflammatory
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Key consideration

The available literature indicates that the prevalence
of NAFLD is higher in patients with psoriasis (up to
50% of these patients), regardless of coexisting MetS
symptoms. Additionally, patients with psoriasis have
a higher risk for developing the more severe forms
of NAFLD. Therefore, patients with chronic plaque
psoriasis should be carefully monitored and evaluated
for NAFLD. The cross-sectional design of this study
cannot determine the temporality and causality of
the association between NAFLD and psoriasis. More
studies are needed in the future to determine whether
NAFLD is only an epiphenomenon of the coexisting
MetS features or is an independent risk factor for the
development and progression of psoriasis. Until then,
patients with psoriasis would benefit from frequent
NAFLD and MetS screening to decrease the incidence
of CVD events and liver-related complications.
Further studies are also necessary to elucidate the
pathophysiological mechanisms connecting NAFLD
with psoriasis. It must be considered that some
medications can be hepatotoxic and have negative
effects on metabolic comorbidities (including NAFLD).
The data on the relationship between use of TNF-α
inhibitor and NAFLD are contradictory. Consequently,
more studies should be performed to examine the
influence of biological agents on histological features
of NAFLD in psoriatic patients. Until then, patients
with psoriasis may benefit from lifestyle interventions,
such as diet and exercise, as well as from treatment of
[154]
associated MetS components .

NONALCOHOLIC FATTY LIVER DISEASE,
POLYCYCSTIC OVARIAN SYNDROME
AND OBSTRUCTIVE SLEEP APNEA
SYNDROME
Polycystic ovary syndrome (PCOS) affects appro
ximately 5%-11% women, and it is one of the most
common endocrine disorders. The most important
feature of PCOS is clinical and/or laboratorial
hyperandrogenism. Hyperinsulinemia is very common
amongst women with PCOS. Insulin and luteinizing
hormone act synergistically, stimulating ovarian
theca cells to increase androgen synthesis, inhibiting
synthesis of the steroid hormone binding globulin
by the liver and increasing the amount of free and
biologically active testosterone in circulation. Because
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IR is the characteristic of MetS, several reports have
shown that women with PCOS are more likely to have
[169-171]
MetS c
. Other studies have shown that women
with PCOS, regardless of their body weight, have a
higher risk for the development of NAFLD. The results
[172]
by Gutierrez-Grobe Y
suggest that NAFLD is more
prevalent in postmenopausal and women with PCOS
than those premenopausal ones. They have concluded
that estrogens may have a protective effect of against
NAFLD in women. Published studies of the coherence
between PCOS and NAFLD are still very rare. Further
studies are needed to confirm the relationships be
[4,169]
tween these conditions
.
In the past few years, several experiments have
suggested the possibility of a connection between
chronic intermittent hypoxia of obstructive sleep
[4]
[173]
apnea syndrome (OSAS) and NAFLD . Musso et al
have included eighteen cross-sectional studies (2183
participants) in their meta-analysis. They have found
a correlation between OSAS and increased risk for
NAFLD, NAS and fibrosis. In this meta-analysis, the
pooled odds ratios (ORs) of OSAS for the presence
of NAFLD, as defined by histology, radiology, and
AST or ALT elevation, were 2.01 2.99, 2.36 and 2.60,
respectively. The pooled ORs of OSAS for NASH,
fibrosis-any stage, or advanced fibrosis in biopsyproven NAFLD patients were 2.37, 2.16 and 2.30,
respectively. The authors have emphasized the need
for screening OSAS patients for the presence and
[172]
severity of NAFLD
. However, further studies are
needed.

decrease the risk of developing CKD, CVD and T2DM.
Therefore, future studies should determine whether
treatment of the liver would preclude or postpone
the development and advancement of CKD, CVD and
[2,4]
T2DM .
Preliminary research has convincingly revealed a
connection between NAFLD with CRC and psoriasis.
Further studies may determine whether screening
for CRC is required in these patients and whether
screening for CRC at young patients with MS (NAFLD)
is necessary. These studies should answer the
question of whether patients suffering from NAFLD
require earlier preventive colonoscopy to decrease the
[2,4]
mortality and morbidity due to CRC .
Despite the cumulative evidence that NAFLD
(specifically NASH and fibrosis) is an important risk
factor for extrahepatic disease, current guidelines
have yet to include any recommendations for
screening for these complications. As discussed
above, adequately powered and prospective studies
using comparable inclusion criteria (e.g., NAFLD
diagnosis) will be required to confirm the incidence
risk of specific extrahepatic disease among different
NAFLD populations. In addition, future studies will
be necessary to evaluate the cost effectiveness and
risk: benefit balance of screening. However, until
the results of these studies and new guidelines
for obligatory screening are obtained, we strongly
believe that NAFLD patients would benefit from
CVD, CKD and T2DM screening by using simple and
easily accessible clinical and laboratory methods. For
screening for T2DM, we recommend frequently-used
laboratory analyses, such as measuring fasting and
postprandial serum glucose values and determination
of Hb1Ac levels. Serum creatinine analyses as well
as urine analysis are adequate and simple methods
of screening for CKD. Finally, periodic measurements
(at least once a year) of arterial blood pressure, lipid
profile determination, body weight measurement
and determination of central obesity would be good
screening methods for CVD. Additionally, information
on smoking history and physical activity could be
included. Given the morbidity and mortality caused by
CRC, patients with NAFLD would probably benefit from
assessment of various risk factors, such as positive
family history, smoking, alcohol consumption, and the
presence of T2DM and obesity, as well as frequent
[2,4]
colon symptom analysis .
In summary, NAFLD is a disease that extends
beyond the liver, negatively affecting chronic diseases
and substantially affecting people’s health. Future
treatment of patients with NAFLD should therefore
account for the both the benefits and risks of comor
bidities associated with this important disease.

CONCLUSION
During the past decade, it has been confirmed
that NAFLD is more than just a “liver disease”. The
vast amount of evidence linking NAFLD with other
extrahepatic diseases indicates that it is a multisystem
disease. On the basis of the literature, the strongest
evidence exists between NAFLD and CKD, CVD and
T2DM. The biggest question regarding the association
between NAFLD, CVD, CKD and T2DM is whether
NAFLD is only a risk factor or a pathogenic factor for
these conditions. Currently, most of the studies and
their authors support the hypothesis that NAFLD is
one of the pathophysiological mechanisms in the
development and progression of CVD, CKD and T2DM,
[2,4]
but further prospective studies are needed .
NAFLD is a public health problem that increases in
magnitude on a daily basis. Owing to its numerous poten
tial extrahepatic manifestations, most (sub-)specialists,
and even primary care physicians, should be aware
of this condition, especially now that many diagnostic
[2,4]
methods are available for screening in clinical practice .
Another interesting question is whether it is possible
to prevent the appearance or progression of CKD, CVD
and T2DM by treating liver conditions (e.g., NAFLD).
Theoretically, treatment modalities that minimize the
comorbidities associated with NAFLD may consequently
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Abstract

INTRODUCTION

AIM
To identify common copy number alterations on gastric
cancer cell lines.

Gastric cancer (GC) remains a major public health issues,
as it is the fifth most common malignancy and the third
[1]
leading cause of cancer death in both sexes worldwide .
The most common type of GC is adenocarcinoma,
which can be further categorized into two main types,
intestinal type and diffuse type, which are biologically
different with distinct clinical and epidemiological
[2]
profiles . The difference in the clinicopathological
characteristics between the histological types of gastric
cancer indicate that gastric tumor development occurs
through the progressive accumulation of distinct genetic
[2-5]
alterations
. Thus, the characterization of these
genomic abnormalities in gastric cancer may help to
clarify the molecular pathogenesis of the disease and
may unveil genetic markers of progression and for
predicting treatment response or survival.
Genomic instability with frequent DNA copy number
variations (CNVs) is one of the key hallmarks of
[6]
gastric carcinogenesis . Tumor progression seems to
depend on the successive acquisition of chromosomal
aberrations, leading to gains or losses of parts of the
genome. However, there is no clear agreement on the
genetic changes underlying gastric carcinogenesis.
In the last decades, chromosomal comparative
genome hybridization (cCGH) and array CGH (aCGH)
analyses of gastric tumors and gastric cell lines have
[7-11]
revealed recurrent DNA CNVs
. Using cCGH,
[3]
Burbano et al showed that the copy number gain
of 8q24.1, the locus containing the MYC oncogene, is
a frequent alteration in GC. Further investigations by
our group demonstrated that MYC amplification is a
common finding in preneoplastic gastric lesions and
[4,5,12-15]
tumors
.
[10]
Moreover, Takeno et al
stated that diffusetype GC shows a complex pattern of chromosomal
alterations, especially chromosome region losses.
[16]
Recently, Liang et al
suggested that the detection
of DNA CNVs from tissue or blood samples may be
a useful tool for guiding individualized treatment
strategies and for identifying new drug targets in
patients with GC.
In the current study, we analyzed the chromosomal
abnormalities of four GC cell lines by cCGH and aCGH.
The occurrence of the amplification of chromosomal
region 9p13 in GC cell lines was validated by
fluorescence in situ hybridization (FISH) and confirmed
in primary gastric adenocarcinoma samples by
quantitative polymerase chain reaction (qPCR). Among
the genes within the 9p13 region, we chose two genes
for validation in primary GC samples, interleukin 11
receptor alpha (IL11RA) and maternal embryonic
leucine zipper kinase (MELK).

METHODS
Four gastric cancer cell lines (ACP02, ACP03, AGP01
and PG100) underwent chromosomal comparative
genome hybridization and array comparative genome
hybridization. We also confirmed the results by
fluorescence in situ hybridization analysis using the
bacterial artificial chromosome clone and quantitative
real time PCR analysis.
RESULTS
The amplification of 9p13.3 was detected in all cell
lines by both methodologies. An increase in the copy
number of 9p13.3 was also confirmed by fluorescence
in situ hybridization analysis. Moreover, the interleukin
11 receptor alpha (IL11RA ) and maternal embryonic
leucine zipper kinase (MELK ) genes, which are present
in the 9p13.3 amplicon, revealed gains of the MELK
gene in all the cell lines studied. Additionally, a gain in
the copy number of IL11RA and MELK was observed in
19.1% (13/68) and 55.9% (38/68) of primary gastric
adenocarcinoma samples, respectively.
CONCLUSION
The characterization of a small gain region at 9p13.3
in gastric cancer cell lines and primary gastric
adenocarcinoma samples has revealed MELK as a
candidate target gene that is possibly related to the
development of gastric cancer.
Key words: IL11RA ; Gastric cancer; Genomic profiling;
MELK ; 9p13.3
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: While the presence of alterations in the DNA copy
number is one of the key hallmarks of carcinogenesis, in
gastric cancer, the chromosomal regions with frequent
gain and loss are still poorly defined. Array comparative
genome hybridization is a high resolution tool that allows
the simultaneous detection of sub-microscopic copy
number changes across the genome. The characterization
of a small gain or loss region in gastric cancer cell lines
and primary gastric adenocarcinoma samples could reveal
a candidate target gene that may possibly be linked to the
development of gastric cancer.
Calcagno DQ, Takeno SS, Gigek CO, Leal MF, Wisnieski F,
Chen ES, Araújo TMT, Lima EM, Melaragno MI, Demachki
S, Assumpção PP, Burbano RR, Smith MC. Identification
of IL11RA and MELK amplification in gastric cancer by
comprehensive genomic profiling of gastric cancer cell lines.
World J Gastroenterol 2016; 22(43): 9506-9514 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i43/9506.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i43.9506
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MATERIALS AND METHODS
Gastric cancer cell lines

The ACP02, ACP03 and AGP01 gastric adenocarcinoma
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cell lines, which were previously established and
characterized by our research group, were used in
[17,18]
the present study
. Additionally, we used the GC
cell line, PG100, obtained from the Rio de Janeiro Cell
Bank (Rio de Janeiro, RJ, Brazil), which was previously
[19]
characterized cytogenetically by our group . All cell
[20]
lines were cultured according to Lima et al .

plotted as a series of green to red ratio profiles.

aCGH

To evaluate the complete genome of all the four cell
lines studied, high density microarray analysis was
performed using the AffymetrixR CytoScan™ HD
Array platform (Affymetrix, Santa Clara, CA, United
States). First, genomic DNA was digested by the NspI
restriction enzyme, and the digested samples were
ligated using the NspI adaptor. The fragments were
amplified by PCR and run on a 2% agarose gel to verify
that the PCR product size distribution was between
150 bp and 2000 bp. After PCR product purification
and dilution, we performed the quantification of each
sample using a NanodropR 1000 Spectophotometer
(NanoDrop Technologies, Houston, TX, United States).
The average purification yield for each sample was ≥
3.0 μg/μL.
The purified samples were then fragmented using
DNAse I enzyme, and the products were run on a 4%
agarose gel to verify that the majority of fragments
had a size distribution between 25 and 125 bp.
Labeling was performed using terminal de
oxynucleotidyl transferase enzyme, which adds
biotinylated nucleotides at the 3’ end of fragmented
samples.
During the hybridization step, each sample was
®
hybridized onto a CytoScan HD Array (Affymetrix,
Santa Clara, CA, United States) and placed in a
®
GeneChip Hybridization Oven 640 (Affymetrix, Santa
Clara, CA, United States) at 50 ℃ and 60 rpm for 16
to 18 h. The processes prior to scanning of arrays,
washing and staining, were carried out at a Fluidics
Station 450 (Affymetrix, Santa Clara, CA, United
®
States). The arrays were scanned using GeneChip
Scanner 3000 7G (Affymetrix, Santa Clara, CA, United
States).
The copy number was deduced from the weighted
log2 ratio and the aberration type was identified and
confirmed using allelic plots.

Primary gastric cancer samples

Quantitative gene copy number measurements were
performed on 68 primary gastric adenocarcinoma
samples that were obtained from patients who
underwent surgery resection in João de Barros Barreto
University Hospital (HUJBB), Belém, Pará, Brazil. In
Pará, Brazil, the human population is composed of
interethnic crosses between three main origin groups,
European (mainly represented by Portuguese), Africans,
[21]
and Amerindians .
All the patients had negative histories of exposure
to either chemotherapy or radiotherapy before surgery,
and there were no other diagnosed cancers. Signed
informed consent, with the approval of the ethics
committee of HUJBB, was obtained from all patients
prior to the collection of samples.

DNA isolation

DNA from the GC cells lines and gastric tumors were
isolated using the QiAmp DNA isolation kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
recommended protocol. DNA concentration and purity
were evaluated by Nanodrop (NanoDrop Techno
logies, Houston, TX, United States) and agarose
gel electrophoresis. All DNA samples used had an
A260/280 ratio of 1.8-2.0 and an A260/A230 ratio of
> 1.5 and were visualized as a high molecular weight
band on an agarose gel.

cCGH

DNA samples from GC cell lines were labeled using
the CGH Nick Translation Kit (Abbott Laboratories, IL,
United States) with Control DNA (Promega, Madison,
United States) according to the manufacturer’s
instructions. Hybridization was performed with CGH
Metaphase Target Slides (Abbott Laboratories, Illinois,
United States), following the manufacturer’s protocols.
The slides were analyzed by Corel Photo-Paint ®
Version 5.00 - Isis Zeiss software, using an Axioskop
Zeiss microscope (Carl Zeiss Inc. Canada, Don Mills,
ON, Canada) equipped with an epi-illuminator and
fluorochrome-specific optical filters.
The three-color images with red, green, and blue
were acquired from 15 metaphases. Chromosome
imbalances were detected on the basis of the deviation
of the fluorescence ratio profile from the balanced
value (FITC:rhodamine = 1). For each chromosome,
the final ratio values were prepared from the mean
values of at least ten chromosome homologues from
separate metaphase spreads. The CGH results were

WJG|www.wjgnet.com

FISH

FISH was performed on nuclei and metaphase
spreads of the cell lines, ACP02, ACP03 and AGP01.
Metaphase spreads of lymphocytes from a healthy
donor were used as a control. The bacterial artifi
cial chromosome (BAC) clone, RP11-165H19, was
obtained from BAC/PAC Resources (http://bacpac.
chori.org/). Bacterial cultures and DNA isolation was
performed using Qiagen Plasmid Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol.
Alu-PCR products of the BAC were used as probes and
were biotinylated using nick translation, as described
[22]
previously .

qPCR

For the validation of 9p13 amplification, we evalua
ted the copy number of two genes within this locus,
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Table 1 Overview of detected chromosomal aberrations by chromosomal comparative genome hybridization and array comparative
genome hybridization on gastric cancer cell lines
Cell line

cCGH

aCGH

ACP02

+8p21-pter, +8q24, +9p12-p22, +9q21.1-q21.3,
+15q11.1-q14, +16p, +16q, +17p11, +17q11.2,
+17q23, +22q11.1-q12.3

ACP03

+4p15.1-pter, +6p22.3-p24, +6q25.1,q26, +8p22pter, -8q11.1-q11.2, +9p12-p22, +10p12-p14,
-11p11.1, -11q12, +15q11.1-q15, +15q23-q26.1,
+16p12-p13.1, +16p21-p23, +22q11.1-q12.1

AGP01

+1p13-21, +1q12-q21.3, +2p11.2-p12,
+4p11-p12, +4q12-q13.1, +5p11-p12,
+5q11.2-q12, +6p11-p12, +6q12-q16.1,
+7q11.1-q11.2, +9p12-p13, +9q13-q21.3,
+10p11.2-p12.3, +10q11.1-q21.1, +11p11-p11.2,
+12p11.1, +12q12, +13q11-q12, +14q11.1-q13,
+15q11-q14, +16p11.2, +16q12, +17p11.2,
+17q11.2, +18p11.2-p11.3, +18q11-q12,
+19q12-q13.1, +20p11.2-p12, +20q11.1-q11.2
+9p12-p23

+1p13.2, +1p21.3, +1q21.2, +1q21.3, +2p11.2, +4p12, +4p13, +4q12, +5q12.1, +7q11.22,
+7q11.23, +8p11.23, +8p21.3, +8q24.11, +8q24.22, -8q24.22, +8q24.23, +8q24.3, +9p13.2,
+9p13.3, +9p11.3, +9q21.12, +10p11.22, +10p12.1, +10p12.31, +10p13, +10p14, +10q11.21,
-11p11.12, +11p11.2, , -11q12.1, -11q12.2, -11q12.3, +12q12-q15, +13q12.11, +14q11.2,
+15q11.2, +15q12, +15q14, +15q15.3, +15q24.1, +15q25.1, +15q26.1, +16p11.2, +16p12.3,
+16q11.2, +16q13, +16q21, +16q22.1, +17p11.2, +17q11.2, +17q23.1, +18q11.2, +19q13.11,
+20p11.1, +20p11.23, +20p12.2, +20q11.21, +20q11.23, +22q11.21,+ 22q11.23, +22q12.2,
+22q12.3
+1p13.2, +1p13.3, +1p21.3, +1q21.1, +1q21.2, 1q21.3, +2p12, +4p12, +4p14-p13, +4p15.1,
+5q12.1, +6p24.2, +7q11.21, +7q11.22, +7q11.23, +8p11.21, +8p11.23-p11.22, +8p21.2,
+8p21.3, -8q11.21, +8q24.11, -8q24.12, +8q24.13, +8q24.21, +8q24.22, -8q24.22, +8q24.23,
+8q24.3, +9p13.2, +9p13.3, +9q21.13, +9p23, +10p11.21, +10p11.22, +10p12.1, +10p12.2,
+10p12.31, +10p12.33, +10p13, +10p14, +10q11.21, -11p11.12, +11q11.2, -11q12.1-q12.2,
-11q12.3, +12q12-q15, +14q11.2, +14q13.2, +15q11.2, +15q12, +15q13.1, +15q14, +15q24.1,
+15q25.1, +15q25.2, +15q26.1, +16p11.2, +16p12.3, +16q11.2, +16q12.1, +16q12.2, +16q21,
+16q22.1, +17p11.2, +17q11.2, +17q23.1, +18q11.2, +18q12.1, +19q13.11, +20p11.1,
+20p11.23, +20p12.2, +20q11.21, +20q11.22, +20q11.23, +22q11.21, +22q11.23, +22q12.2,
+22q12.3
+1p13.3, +1p21.3, +1q21.2, +1q21.3, +2p11.2, +2p12, +4p12, +4p14-p13, +5p12, +5q12.1,
+6p24.2, +6q13, +7q11.21, +7q11.22, +7q11.23, +8p11.21, +8p11.23-p11.22, +8p21.3,
-8q11.21, +8q24.11, -8q24.12, +8q24.21, +8q24.22, +8q24.23, +8q24.3, +9p13.2, +9p13.3,
+9p22.3, +9q21.12, +9q21.13, +10p11.22, +10p12.1, +10p12.31, +10p13, +10p14, +10q11.21,
-11p11.12, +11p11.2, -11q12.1, -11q12.2, -11q12.3, +12q12-q15, +13q12.11, +14q11.2, +15q12,
+15q14, +15q15.1, +15q15.3, +15q24.1, +15q25.1, +15q25.2, +15q25.3, +15q26.1, +16p11.2,
+16p12.3, +16q11.2, +16q12.1, +16q13, +16q21, +16q22.1, +17p11.2, +17q11.2, +17q23.1,
+18q11.2, +19q13.11, +20p11.21, +20p11.1, +20p11.23, +20p12.2, 20q11.21, +20q11.23,
+22q11.21, +22q11.23, +22q12.2, +22q12.3
+1p13.2, +1p13.3, +1p21.3, +1q21.1, +1q21.2, +1q21.3, +2p11.2, +4p15.1, +6q13, +7q11.21,
+7q11.22, +7q11.23, +8p11.21, +8p11.23-p11.22, +8p21.2, +8p21.3, -8q11.21, +8q24.11,
+8q24.13, +8q24.22, -8q24.22, +8q24.23, +8q24.3, +9p13.2, +9p13.3, +9p22.3, +9q21.12,
+9q21.13, +10p11.22, +10p12.1, +10p12.2, +10p12.31, +10p14, +10q11.21, +11p11.2,
-11q12.1, -11q12.2, -11q12.3, +12q12-q15, +13q12.11, +14q11.2, +15q11.2, +15q12, +15q14,
+15q15.1, +15q15.3, +15q24.1, +15q25.2, +15q25.3, +15q26.1, +16p11.2, +16p12.3, +16q11.2,
+16q12.1, +16q21, +16q22.1, +17p11.2, +17q11.2, +17q23.1, +18q11.2, +19q13.11, +20p11.1,
+20p11.23, +20p12.2, +20q11.21, +20q11.23, +22q11.21, +22q11.23, +22q12.1-q12.2,
+22q12.2, +22q12.3

PG100

cCGH: Chromosomal comparative genome hybridization; aCGH: Array comparative genome hybridization.

χ 2 test or two-tailed Fisher’s exact test for categorical

IL11RA and MELK. For this, we used the same DNA
samples from GC cell lines that were used for cCGH
and aCGH and from GC tissues. qPCR was performed
using the FAM/MGB-labeled TaqMan probes (Life
Technologies, Foster City, CA, USA) for IL11RA
(Hs01842695_cn) or MELK (Hs05076287_cn). VIC/
TAMRA-labeled TaqManCopy Number Reference Assay
RNAse P (#4403326; Life Technologies, Foster City,
CA, United States) was used as an internal control.
All the real-time qPCR reactions were performed in
quadruplicate with gDNA using a 7500 Fast Real-Time
PCR system (Life Technologies, Foster City, CA, United
[13]
States) as described previously . The copy number
of each sample was estimated by CNV analysis using
Copy Caller Software V1.0 (Life Technologies, Foster
City, CA, United States). Known Human Genomic DNA,
G1471 and G1521 (Promega, Madison, United States),
were used for calibration.

variables. All statistical analyses were performed with
the statistical package SPSS for Windows (V.17.0,
SPSS Inc, Chicago, IL, United States). P values of ≤
0.05 were considered significant.

RESULTS
Recurrent regions of alterations

The ACP02, ACP03, AGP01 and PG100 cell lines
showed multiple gains and losses by cCGH and aCGH.
Most chromosomal aberrations detected in these cell
lines by cCGH were confirmed by aCGH (Table 1),
although aCGH analysis enabled the identification of
many additional chromosomal gains and losses. On
the other hand, the gain of 16p21-p23 in ACP03 and
the gains of 6p11-p12, 12p11.1 and 18p11.2-p11.3 in
AGP01 were detected only by cCGH.
Notably, the gain of chromosome region 9p13 was
common in all cell lines and as such, this locus was
selected for further investigation.

Statistical analysis

The data on clinical features were compared by the

WJG|www.wjgnet.com
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Table 2 Number of copies of 9q13 locus by FISH analysis in gastric cancer cell lines n (%)
Cell line

0 signal

1 signal

2 signals

3 signals

4 signals

≥ 5 signals

ACP02
ACP03
AGP01
PG100
Control

12 (6.0)
22 (11.0)
19 (9.5)
18 (9.0)
34 (17.0)

26 (13.0)
40 (20.0)
45 (22.5)
55 (27.5)
68 (34.0)

112 (56.0)
99 (49.5)
99 (49.5)
87 (43.5)
97 (48.5)

25 (12.5)
22 (11.0)
27 (13.5)
32 (16.0)
1 (0.5)

22 (11.0)
6 (3.0)
10 (5.0)
7 (3.5)
-

3 (1.5)
1 (0.5)
1 (0.5)
-

Table 3 MELK and IL11RA gene copy number and clinicopathological features of 68 gastric cancer patients
MELK

IL11RA

2 copies (n = 38) ≥ 3 copies (n = 30)
Age (yr) (mean ± SD)
> 50 (64.5 ± 6.9)
≤ 50 (42.5 ± 5.2)
Gender
Male
Female
Histopathology
Intestinal
Diffuse
Depth of tumor invasion
pT1-pT2
pT3-pT4
Lymph node metastasis
Absent
Present
Stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

2 copies (n = 55) ≥ 3 copies (n = 13)

P value

23
15

25
5

0.0748

39
16

9
4

0.7461

23
15

21
9

0.5781

34
21

9
4

0.7544

23
15

20
10

0.7886

32
23

11
2

0.1110

10
28

11
19

0.5137

18
36

3
10

0.4076

10
28

7
23

1.0000

11
44

6
7

0.1091

25
13

17
13

0.6049

33
22

9
4

0.7525

Validation of the amplified pericentromeric region, 9p13

cell lines from diffuse and intestinal types and can
cerous ascitic fluid and were previously established
[17,18]
and characterized by our research group
, while
PG100 is a commercially available primary gastric
[19]
adenocarcinoma cell line . Furthermore, aCGH
analysis enabled the identification of many additional
chromosomal gains and losses. On the other hand, the
gain of the 16p21-p23 region in ACP03 and the gains
of the 6p11-p12, 12p11.1 and 18p11.2-p11.3 regions
in AGP01 were only detected by cCGH. This may be
due to technical reasons, as cCGH is more sensitive
than aCGH for detecting large chromosome regions, as
[24]
previously discussed by Kamradt et al .
When comparing the GC cell lines, only a few
differences in cytogenetic composition were found
by cCGH and aCGH. The gain on 9p13.3 was found
in all cell lines, and the presence of this amplicon in
these gastric cell lines was confirmed by metaphase
FISH, using a BAC clone for the amplified region. It is
noteworthy that high levels of this amplification were
only found in ACP02.
Genetic alterations in the short arm of chromo
some 9 are commonly observed in different cancer
[25]
types . In GC, losses of 9p have been frequently
[26-29]
[29]
described
. Fan et al
(2012) observed a
homozygous deletion at 9p21, which encompasses the
P16INK4A tumor suppressor gene, in 11% (8/72) of
the gastric tumors studied. To our knowledge, this is

The presence of the 9p13 ampliﬁcation in the GC cell
lines was confirmed by metaphase FISH using a BAC
clone (Figure 1). We observed signal gain in all cell
lines, and only ACP02 showed high amplification of this
region (Table 2).
Based on gene location and annotated gene
function, we selected the MELK and IL11RA genes for
validation in GC cell lines and in 68 primary gastric
adenocarcinoma by qPCR. We detected two copies of
IL11RA and three copies of MELK in all GC cell lines.
By analyzing the CNV of these two genes in gastric
tumors, we observed that 19.1% (13/68) and 55.9%
(38/68) of gastric tumors had ≥ 3 copies of IL11RA
and MELK, respectively. No association was found
between the clinicopathological characteristics of
patients and the number of copies of the studied genes
(Table 3).

DISCUSSION
aCGH is a high resolution tool that allows the simul
taneous detection of sub-microscopic copy number
changes across the genome, thus overcoming the
[23]
several limitations of cCHG . In this study, most of
the copy number changes observed in ACP02, ACP03,
AGP01 and PG100 by cCGH were confirmed by aCGH.
ACP02, ACP03 and AGP01 are gastric adenocarcinoma
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A

B

C

Figure 1 9p13 amplification by fluorescence in situ hybridization analysis in ACP02 (A), ACP03 (B) and AGP01 (C) cell lines. Magnification of × 60.
[44]

the first study that describes gains at 9p in GC.
Amplifications on 9p have been reported in eso
[30]
[31]
phageal cancer , lung sarcomatoid carcinoma
[32]
[33]
and breast cancer . Towle et al
found that 16.6%
(36/217) of the cell lines carried regions of genomic
gain spanning part of chromosome 9p13. Additionally,
1.8% (4/217) harbored high-level DNA amplification
of this region, including a ductal breast carcinoma
line (B0T-474), a tongue squamous cell carcinoma
line (SCC-9), a melanoma line (WM-115), and an
osteosarcoma line (MG-63).
Because this region harbors several tumor-related
genes, several studies in the literature have correlated
[24,34]
gene copy number alterations of 9p13 with cancer
.
[34]
Sarhadi et al observed that the gain of chromosome
9p13 encompasses many genes, such as KIAA1161,
C9orf24, C9orf25, DNAI1, ENHO, CNTFR, LOC415056,
C9orf23, DCTN3, ARID3C, SIGMAR1, GALT, IL11RA,
CCL27, CCL19, CCL21 and FAM205A, in different types
of cancer.
In this study, we selected the IL11RA and MELK
genes to validate this amplification region in GC cell
lines and primary gastric adenocarcinoma. The results
showed an increase in the copy number of the MELK
gene in ACP02, ACP03, AGP01 and PG100. Moreover,
19.1% (13/68) and 55.9% (38/68) of gastric tumors
showed ≥ 3 copies of IL11RA and MELK, respectively.
[24]
Kamradt et al
analyzed a small amplicon at
9p13.3 in prostate cancer cell lines and validated
IL11RA copy number gain in 75% (15/20) of prostate
tumors. In addition, it has been demonstrated that
IL11RA is overexpressed in GC, colon cancer, breast
[35-41]
cancer, prostate cancer and osteosarcoma
. IL11RA
encodes a specific receptor for IL11, and the IL11/
IL11RA signaling pathway is involved in the regulation
of several biological activities, such as adipogenesis,
osteoclastogenesis, neurogenesis, and megakaryocyte
[42,43]
maturation and platelet production
.
With regard to MELK, the other gene that was
selected for validation, this study describes, for the
first time, that the copy number gain of the MELK gene
occurs in cancer. To our knowledge, only one previous
study on astrocytoma samples has investigated MELK
amplification, and they did not find any MELK copy

WJG|www.wjgnet.com

number gain .
MELK is a highly conserved serine/threonine kinase
that was first found to be expressed in a wide range
of early embryonic cellular stages, and as a result, it
has been implicated in embryogenesis and cell cycle
[45]
control . Additionally, several studies have identi
fied MELK overexpression in stem cell populations
and several human cancers, including aggressive
astrocytoma, breast cancer, prostate cancer, melanoma
[44-49]
and GC
.
Preclinical studies have suggested MELK as a po
tential therapeutic target for multiple cancers. Since
then, novel therapeutics that selectively inhibit MELK
have been developed, such as OTSSP167, which is
currently in a Phase I trial for patients with solid tumors
[45,50-53]
and who have not responded to treatment
.
[54]
Li et al
observed MELK overexpression more
frequently in GC lesions than in the corresponding
noncancerous mucosa and that higher MELK levels
were associated with lymph node involvement, distant
metastasis, and poor prognosis in patients with GC.
In addition, these authors demonstrated that reducing
MELK expression or inhibiting its kinase activity
resulted in growth inhibition, G2/M arrest, apoptosis
and the suppression of the invasive capability of GC
cells in vitro and in vivo. MELK knockdown also led
to alterations in the levels of epithelial mesenchymal
transition (EMT)-associated proteins. Furthermore,
in GC patient-derived xenograft models, targeted
treatment with OTSSP167 showed anticancer effects.
These results suggest that MELK may be a promising
target for GC treatment.
In conclusion, our results from generating genome
wide DNA copy number profiles in GC cell lines and
validation in primary gastric adenocarcinoma spe
cimens revealed genomic aberrations redundancies,
indicating that the cell lines retain the gross genomic
architecture of primary tumors. Moreover, the cha
racterization of a small gained region at 9p13.3 in GC
cell lines and primary gastric adenocarcinoma samples
revealed MELK as a candidate target gene this region
that may possibly be linked to the development of GC.
Therefore, we hypothesize that the copy number gain
of MELK may be a mechanism of gene overexpression
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and may represent an interesting therapeutic target in
gastric carcinogenesis.

4

COMMENTS
COMMENTS

5

Background

Despite alterations in DNA copy number is one of the key hallmarks of
carcinogenesis, the chromosomal regions with frequent gain and loss are
still poorly defined in gastric cancer. The characterization of a small gain or
loss region in gastric cancer cell lines and primary gastric adenocarcinoma
samples could reveal a candidate target gene that may possibly be linked to the
development of gastric cancer.

6
7

Research frontiers

DNA copy number profiles in gastric cancer cell lines and validation in
primary gastric adenocarcinoma specimens revealed genomic aberrations
redundancies, indicating that the cell lines retain the gross genomic architecture
of primary tumors. Moreover, the characterization of a small gained region at
9p13.3 in gastric cancer cell lines and primary gastric adenocarcinoma samples
revealed MELK as a candidate target gene that is possibly related to the
development of gastric cancer.

8

9

Innovations and breakthroughs

Several studies in the literature have correlated gene copy number alterations
of 9p13 region. A study described a small amplicon at 9p13.3 in prostate cancer
cell lines and validated IL11RA copy number gain in 75% (15/20) of prostate
tumors. However, this is the first time that the copy number gain of the MELK
gene was described in tumor. Furthermore, in gastric cancer patient-derived
xenograft models, targeted treatment with OTSSP167 (a MELK inhibitor)
showed anticancer effects. These results suggest that MELK may be a
promising target for gastric cancer treatment.

10

11

Applications

The authors suggested that the copy number gain of MELK may be a
mechanism of gene overexpression and may represent an interesting
therapeutic target in gastric carcinogenesis in the future.
12

Terminology

Copy number variation (CNV) is a type of structural variation characterized by
duplication or deletion of sections of the genome, which in turn can result in
phenotypic alterations. Array comparative genomic hybridization (aCGH) is a
technology developed for a high-resolution evaluation of DNA copy number
alterations associated with chromosome abnormalities.
13

Peer-review

The authors tried to identify common copy number alterations by using
chromosomal comparative genome hybridization and array comparative
genome hybridization in four gastric cancer cell lines. They concluded MELK as
a candidate target gene that is possibly related to the development of gastric
cancer.
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Abstract
AIM
To investigate the anti-inflammatory effect and the
possible mechanisms of an agonist of cannabinoid
(CB) receptors, WIN55-212-2 (WIN55), in mice with
experimental colitis, so as to supply experimental
evidence for its clinical use in future.
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METHODS
We established the colitis model in C57BL/6 mice by
replacing the animals’ water supply with 4% dextran
sulfate sodium (DSS) for 7 consecutive days. A colitis
scoring system was used to evaluate the severity of
colon local lesion. The plasma levels of proinflammatory
cytokines, such as tumor necrosis factor-alpha (TNF-α)
and interleukin-6 (IL-6), and the myeloperoxidase
(MPO) activity in colon tissue were measured. The
expressions of cannabinoid receptors, claudin-1 protein,
p38 mitogen-activated protein kinase (p38MAPK) and
its phosphorylated form (p-p38) in colon tissue were
determined by immunohistochemistry and Western blot.
In addition, the effect of SB203580 (SB), an inhibitor
of p38, was investigated in parallel experiments, and
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alternate with disease remission periods principally
represented by different degrees of intestinal inflammation. Since p38 mitogen-activated protein kinases
(p38MAPKs) signaling pathways participate in the
[3]
regulation of recurrent inflammatory progression ,
the activation of p38MAPKs can greatly promote the
process of inflammation by up-regulating certain
proinflammatory genes’ expression, such as tumor
necrosis factor-alpha (TNF-α), interleukin (IL)-1, IL-6,
[3,4]
etc . Furthermore, excessive activation of p38MAPKs
can cause recurrent attack of intestinal inflammation
[5]
and facilitate forming of vicious cycles . In order to
circumvent the vicious circle caused by p38MAPKs,
some p38 inhibitors have been applied in preclinical
and clinical studies. However, results of these studies
show that inhibition of p38MAPKs by p38 inhibitors is
unacceptable in clinical practice due to obvious side
effects. These side effects include infections, headache,
toxicity to the central nervous system, gastrointestinal
[6]
tract symptoms, hepatotoxicity, cardiotoxicity, etc .
More effective therapeutic approaches and agents
need to be explored and developed.
The endogenous cannabinoid system (ECS) was
discovered in the late 1990s. Since then, it has been
brought into focus due to its huge potential in regulating gastrointestinal inflammation, abdominal pain,
[7]
diarrhea, etc . WIN55-212-2(R)-(+)-[2,3-dihydro5-methyl-3-(4-morpholinyl-methyl)pyrrolo(1,2,3de)-1,4-benzoxazin-6-yl]-1-napthalenylmethanone
(WIN55) is a typical cannabinoid receptor agonist
and can activate ECS via acting on the Gi/o coupled
membrane receptors: cannabinoid receptor type 1
(CB1) and cannabinoid receptor type 2 (CB2), the
[8,9]
two main typical cannabinoid receptors . WIN55 has
been reported as beneficial in treating gastrointestinal
inflammatory disorders; albeit, its pharmacological
[10,11]
mechanism has not been demonstrated clearly
.
In this report, we designed experiments to explore
the effect of WIN55 on the C57BL/6 mice with dextran
sulfate sodium (DSS)-induced colitis, examined
the changes of p38 activity during the treatment of
WIN55 and SB203580, (4-[4-(4-fluorophenyl)-2-(4methylsulfinylphenyl)-1H-imidazol-5-yl]pyridine, SB),
an inhibitor of p38, and investigated the interplay
between ECS and p38MAPK.

the data were compared with those from intervention
groups of WIN55 and SB alone or used together.
RESULTS
The results demonstrated that WIN55 or SB treatment
alone or together improved the pathological changes
in mice with DSS colitis, decreased the plasma levels
of TNF-α, and IL-6, and MPO activity in colon. The
enhanced expression of claudin-1 and the inhibited
expression of p-p38 in colon tissues were found in the
WIN55-treated group. Besides, the expression of CB1
and CB2 receptors was enhanced in the colon after the
induction of DSS colitis, but reduced when p38MAPK
was inhibited.
CONCLUSION
These results confirmed the anti-inflammatory effect and
protective role of WIN55 on the mice with experimental
colitis, and revealed that this agent exercises its action
at least partially by inhibiting p38MAPK. Furthermore,
the results showed that SB203580, affected the
expression of CB1 and CB2 receptors in the mouse
colon, suggesting a close linkage and cross-talk between
the p38MAPK signaling pathway and the endogenous CB
system.
Key words: Inflammatory bowel disease; Endogenous
cannabinoid system; p38MAPK; Experimental colitis;
Claudin-1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Inflammatory bowel disease demands more
effective therapies, and cannabinoids are beneficial in
alleviating inflammation in some diseases. In this study,
we reported the anti-inflammatory effect and protective
role of WIN55-212-2, an agonist of cannabinoid
receptors, on the mice with dextran sulfate sodiuminduced experimental colitis, and revealed that this
agent exerts its action at least partially by inhibiting
p38 mitogen-activated protein kinase.
Feng YJ, Li YY, Lin XH, Li K, Cao MH. Anti-inflammatory
effect of cannabinoid agonist WIN55, 212 on mouse
experimental colitis is related to inhibition of p38MAPK. World
J Gastroenterol 2016; 22(43): 9515-9524 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i43/9515.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i43.9515

MATERIALS AND METHODS
Animals

C57BL/6 mice (half males and half females, 6-8 wk
old, 18-24 g) were purchased from the Experimental
Animal Center of Second Medical University, Shanghai,
China, and housed for 2 wk prior to experiments under
standard conditions (temperature 24 ± 1 ℃; humidity 55%; 12:12 h light-dark cycle) with free access
to laboratory food and tap water. All experimental
procedures complied with international guidelines for

INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative
colitis and Crohn’s disease, is a group of chronic disorders characterized by recurrent intestinal inflammation
[1,2]
and overactive immune responses
. Generally,
for lifelong IBD in patients, disease flare-up periods
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the care and use of laboratory animals and approved
by the Animal Ethics Committee of Tongji University,
Shanghai, China.

properties (shape, moisture, viscosity). When blood
was discovered in stool, 1 point was added. Scores
on both colon weight and length were determined by
calculating the weight increase and length shortening
[17]
in comparison to controls, as described . HS (with a
maximum score of 11) was evaluated by inflammation
extent (0-2 score), damage in crypt architecture (0-2
score), hyperemia/edema (0-3 score), as well as the
infiltration of inflammatory cells in the colon tissues (0-3
score). Presence of ulceration and/or crypt abscess,
[18]
respectively, led to 1 point being added . All the
histological evaluations were performed and scored by
an experienced researcher blinded to the experimental
plans.

Induction of DSS colitis and pharmacological treatments

Colitis was induced in the C57BL/6 mice by replacing
tap water with the solution of 4% (wt/vol) DSS (reagent
grade: 36-50000 Da; MP Biomedicals, Illkirch, France)
[12-14]
from day 1 to day 7, according to the literature
.
SB and WIN55 were obtained from Tocris Bioscience
(Ellisville, MO, United States) and dissolved in a vehicle
containing 2% dimethyl sulfoxide and sterile saline.
The mice were assigned to 6 groups with 8 mice in
each group, and they were given different treatments:
(1) mice drinking DSS water and receiving vehicle
intraperitoneally (i.p.) once daily for 7 d (DSS + Veh
group); (2) mice drinking DSS water and receiving
WIN55 (5 mg/kg) i.p. daily for 7 d starting from DSS
treatment through the end of experiment (DSS + WIN
[15]
group) ; (3) mice drinking DSS water and receiving
SB (5 μmol/kg) i.p. beginning from 60 h after the DSS
treatment and continuing until the last day (DSS+SB
[16]
group) ; (4) mice drinking DSS water and receiving both WIN55 and SB in the same dose and same
manner as above (DSS + WIN + SB group); (5) mice
drinking normal water and receiving vehicle i.p. for 7
d (Control group); and (6) mice drinking normal water
and receiving WIN55 i.p. for 7 d (WIN55 group). During the 7-d period, the body weight, stool and general
conditions of the mice were observed daily and the
consumption of DSS-containing liquid was monitored
every day to ensure the proper intake of DSS by mice.
All of the C57BL/6 mice were anesthetized with
isoflurane and sacrificed by decapitation on day 7.
Soon after the execution, blood samples were collected via the carotid aorta into heparinized Eppendorf
tubes. Colon specimens were carefully dissected and
removed from the sacrificed mice. Plasma samples
were obtained by centrifugation of the blood for 10
min at 12000 × g, 4 ℃, and stored at -80 ℃ until
examination. Colon samples were weighted and
measured for length, then opened longitudinally and
cleaned by clearing stool and rinsing with normal
saline. After macroscopic inspection, colon samples
were divided into several portions; one portion was
put into 10% neutral buffered formalin immediately for
histopathological examination, and the other portions
were placed in liquid nitrogen for shock-freezing followed by storage at -80 ℃ until next examination.

Quantification of cytokine levels in plasma by enzymelinked immunosorbent assay

The plasma levels of proinflammatory cytokines, such
as TNF-α and IL-6, were determined by using mousespecific enzyme-linked immunosorbent assay (ELISA)
kits (Cat No. MTA00 and M6000B; R&D Systems,
Minneapolis, MN, United States). The ELISA examination procedures were followed by the recommended
manufacturer protocols, and all the samples of blood
supernatant were measured in duplicate. Results were
presented in the form of ng/L or in percentile of the
control group.

Determination of myeloperoxidase activity in mouse
colon

myeloperoxidase (MPO) activity in colon tissues, as
an indicator of neutrophil infiltration, was measured
[19]
as described . Briefly, 150-200 mg of colon tissues
was homogenized with a homogenizer and separated
on ice to obtain protein components. Some volume of
homogenate was removed for protein determination
by the BCA™ protein assay, and the other part was
manipulated using the MPO assay procedure. The
absorbance was measured at 540 nm on a microplate
reader, and MPO activity expressed as milliunits per
milligram of wet weight of colon tissue and calculated
as percentage of the control.

Determination of expression of CB1 and CB2 receptors
in mouse colon by immunohistochemistry

The expression of CB1 and CB2 receptors in colon
tissues were detected by immunohistochemistry
[20]
as described . Gut specimens were obtained from
proximal colon tissues approximately 3-4 cm to the
anus. The manipulation was conducted according to
the manufacturer’s instructions. The first antibody
was rabbit anti-CB1 receptor or rabbit anti-CB2
receptor polyclonal antibody (1:20 dilution for both;
Enzo, Plymouth Meeting, PA, United States). The
streptavidin-peroxidase goat anti-rabbit antibody
(Zymed Labs, San Francisco, CA, United States) was
used as secondary antibody, and a streptavidin-biotin
complex immunohistochemical staining kit (Boster,

Pathological examination and scoring system of colitis

Different colitis score systems, including macroscopical score (MS) and histopathological score (HS),
were used to evaluate pathological changes of the
[17,18]
experimental colitis
. MS (with a total maximum
score of 12) was evaluated by indications of stool,
colon weight and colon length. Scores on stool varied
from 0 (normal) to 3 (diarrhea) according to stool
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Figure 1 Macroscopical score of dextran sulfate sodium-induced colitis in C57BL/6 mice (A-D). Macroscopical score (MS) of was calculated as described
in the Materials and Methods. SB203580 (5 μmol/kg) was injected i.p. twice daily beginning from 60 h after dextran sulfate sodium (DSS) treatment inception and
continuing until the last day. WIN55 (5 mg/kg) was administered i.p., once daily for 7 consecutive days, starting from DSS treatment until the end of the experiment.
Data of macroscopical parameters are presented as mean ± SEM (n = 8). aP < 0.05 vs control; cP < 0.05 vs DSS + vehicle (Veh). SB: SB203580; WIN: WIN55.

Statistical analysis

Wuhan, Hubei, China) was used for visualization. The
pictures were then documented digitally on the Leica
DM2500 microscope and saved as results.

Data of each experimental group are presented as
mean ± SEM. Statistical analysis was performed by
one-way analysis of variance (ANOVA) and post-hoc
testing for multiple comparisons by using SPSS 13.0
software (SPSS Co. Ltd., Shanghai, China). Values of P
< 0.05 were considered to be significant.

Determination of expression of CB1, CB2, p38, p-p38
and claudin-1 in mouse colon by western blotting

Colon tissues from the different experimental groups
were homogenized and lysed using the lysate buffer
containing aprotinin (2 μg/mL) and phenylmethanesulfonyl fluoride (1 mol/L). The lysate was analyzed by
[21]
western blotting according to the method described .
The protein detection procedure adopted the enhanced
chemiluminescence method (Cat No. SC-2048; Santa
Cruz Biotechnology, Dallas, TX, United States). Specific
polyclonal antibodies were used to detect the related
protein expression: rabbit anti-p38 (1:350 dilution), rabbit anti-p-p38 (1:400 dilution) (Santa Cruz Biotechnology), rabbit anti- claudin-1 (1:250 dilution) (Invitrogen,
Camarillo, CA, United States), rabbit anti-CB1 receptor
(1:250 dilution) and rabbit anti-CB2 receptor (1:250
dilution) (Enzo). Rabbit anti-β-actin (1:2000 dilution)
polyclonal antibody (Abmart, Shanghai, China) acted
as loading control in the western blotting analyses, and
goat anti-rabbit IgG-HRP (1:5000 dilution; Abmart) was
used as secondary antibody. Semi-quantitative statistical analysis of the western blot strips was conducted
with the software ImageJ 1.44p.

WJG|www.wjgnet.com

RESULTS
WIN55 and SB203580 improve DSS-induced pathological
changes of the colon

As shown in Figure 1, after drinking 4% DSS solution
for 7 d, C57BL/6 mice showed signs of severe colitis
with obviously increased colon weight, shortened
colon length and stool changes, which were evaluated
by using the colitis scoring systems. The histological
damages in epithelium and edema, as well as infiltration of inflammatory cells in the sub-mucosa tissues
were indicated by arrows in Figure 2 in animals of
different groups. These pathological changes, both MS
and HS, were significantly inhibited by SB or WIN55
treatment alone or both. There were no apparent
differences among animals in the SB and WIN55
treatment groups. Furthermore, no raised antiinflammatory effect was observed with the use of SB
plus WIN55 (DSS + WIN + SB) (data not shown).
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Figure 2 Histopathological score of dextran sulfate sodium-induced colitis in C57BL/6 mice. A: Control; B: Dextran sulfate sodium (DSS) + vehicle (Veh); C:
DSS + SB203580 (SB); D: DSS + WIN (WIN55). Arrows marked in the figure (HE-staining, magnification × 100, respectively) point to the damage in epithelium, or
edema in the sub-mucosa, or infiltration of inflammatory cells; E: Histopathological score (HS) was calculated as described in the Materials and Methods. Data of HS
are presented as mean ± SEM (n = 8). aP < 0.05 vs control; cP < 0.05 vs DSS + Veh.

levels of MPO activity with statistical significance at P <
0.05, respectively (Figure 3C).

Table 1 Semi-quantitative analysis of immunohistochemistry
staining results for the expression of cannabinoid receptor type
1 and cannabinoid receptor type 2 receptors in mouse colon
Treatment
Control
DSS + Veh
DSS + SB
DSS + WIN55

CB1

CB2

0.05341338 ± 0.003277526
0.16462150 ± 0.022503261a
0.04293670 ± 0.008967458c
0.13410205 ± 0.004475042a

0.02905167 ± 0.008017215
0.06704071 ± 0.013582954a
0.02154800 ± 0.005380925c
0.05116005 ± 0.006852826a

WIN55 and SB203580 inhibit the DSS-induced p38
expression and activation in the colon tissues

In order to evaluate the activation of p38MAPK, p38 as
well as p-p38 were investigated by western blotting.
Results showed p-p38 expression was significantly
boosted in the colon tissues of DSS treatment mice (P <
0.05), and this expression enhancement was inhibited
by using SB or WIN55 (P < 0.05), respectively (Figure 4).

Results are shown as mean ± SEM (n = 8 each group). aP < 0.05 vs control;
c
P < 0.05 vs dextran sulfate sodium (DSS) + vehicle (Veh). The semiquantitative statistical analysis of the immunohistochemistry staining
(AOD) was conducted using the ImagePro Plus 6.0 software. CB:
Cannabinoid; SB: SB203580.

WIN55 and SB203580 improve DSS-induced expression
of claudin-1 in colon tissues

The protein of claudin-1 in colon tissues was investigated by western blotting. Results showed expression of
claudin-1 decreased in the colon tissues of DSS-treated
mice (P < 0.05). The decreased expression of claudin-1
was reversed both by the treatment of WIN55 and SB (P
< 0.05) (Figure 5).

WIN55 and SB203580 decrease DSS-induced inflammatory
mediators in plasma and MPO activity in colon tissues

TNF-α and IL-6 are inflammatory indicators reflecting
the severity of experimental colitis. Examination showed
that the plasma levels of TNF-α and IL-6 were elevated
significantly after the induction of colitis (P < 0.05).
Compared to the colitis group, mice receiving SB or
WIN55 treatment had a reduced TNF-α and IL-6 level in
plasma (P < 0.05). No evident difference was observed
between the SB group and the WIN55 group (Figure 3A
and B). By detecting and analyzing MPO activity of colon
tissues, the results revealed that MPO activity in colon
tissues were elevated in the mice of the colitis group.
Along with the improvement of local inflammation, mice
in the SB or WIN55 treatment groups showed lower
WJG|www.wjgnet.com

SB203580 but not WIN55 affects DSS-induced
expression of CB1 and CB2 receptors in colon tissues

By immunohistochemistry examination, expression of
CB1 and CB2 receptors in colon tissues was found, as
shown in Figure 6 by marked brown-yellow staining and
indicated by arrows. The semi-quantitative analysis data
which represented the average optical density (AOD) of
the positive staining are shown in Table 1. By comparing the AOD in different groups, we found that the
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Figure 4 Expression of p38 phosphorylated form and p38 by western
blot analysis. A: The collection of colonic tissues specimens from C57BL/6
mice in different experimental groups and the western blotting operation were
conducted as described in the Materials and Methods; B: Representative
strips from 4 separate experiments with similar results are presented. Semiquantitative blot analysis of p-p38 and p38 was carried out using ImageJ
software. Data are presented as mean ± SD (n = 4). aP < 0.05 vs control; cP
< 0.05 vs dextran sulfate sodium (DSS) + vehicle (Veh). SB: SB203580; WIN:
WIN55.
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Figure 3 Levels of inflammatory mediators in plasma and myelope
roxidase activity in colon tissues (A-C). Plasma samples and colon tissues
were collected and examined as described in the Materials and Methods.
Data are presented as mean ± SEM (n = 8). aP < 0.05 vs control; cP < 0.05 vs
dextran sulfate sodium (DSS) + vehicle (Veh). SB: SB203580; WIN: WIN55.

expression of CB1 and CB2 receptors was significantly
enhanced in the DSS + Veh group when compared to
that in the control group (P < 0.05). SB, but not WIN55,
showed an inhibiting effect on the expression of CB
receptors.
By western blotting analysis, the increased expression of CB1 receptor in colon tissues was also found
in the DSS + Veh group (P < 0.05), and the enhancement was reversed by use of SB (P < 0.05), but not by
WIN55 (Figure 7). The expression of CB2 receptor was
too trivial to be detected by western blotting assay.

c

100

60

DSS + WIN DSS + SB

c
a

80

a

a

40
20
0

DSS + Veh

Control

WIN

DSS + WIN DSS + SB

Figure 5 Expression of claudin-1 by western blot analysis. Sample
collection of colonic tissues from C57BL/6 mice and western blotting operation
were performed as described in the Materials and Methods. A: A representative
strip; B: The result of semi-quantitative gel analysis of claudin-1 as determined
by ImageJ software. Data are presented as mean ± SD (n = 4). aP < 0.05
vs control; cP < 0.05 vs dextran sulfate sodium (DSS) + vehicle (Veh). SB:
SB203580; WIN: WIN55.

of signaling pathways are involved. Among these
signaling pathways, p38MAPK is recognized as an
extremely important pathway related to inflammatory
response. Activation of p38MAPK can greatly promote

DISCUSSION
In the pathophysiological process of colitis, a variety
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Figure 6 Representative figures of the expression of cannabinoid receptor type 1 and type 2 receptors in mouse colon by immunohistochemistry staining,
which are from 4 separate experiments with similar results. A: Expression of cannabinoid (CB)1 receptors; B: Expression of CB2 receptors; (magnification × 400,
respectively). The expressions of CB1 receptor in the colonic epithelial cells and CB2 receptor in the submucosal immune cells are marked by arrows and presented
as positive results with brown-yellow staining.

the recruitment, activation and deployment of immune
cells and aggravate inflammation by up-regulating the
expression of some pro-inflammatory cytokines, such
[3]
as TNF-α, IL-1, IL-6, IL-8, etc . The fact that levels
of TNF-α and IL-6 in plasma, as well as MPO activity
in colon tissue, increase in animals with experimental
colitis indicates that colitis is likely a systemic disease
with manifestations in multiple organs. In this study,

WJG|www.wjgnet.com

p38MAPK activation has been confirmed after induction of the experimental colitis which was accompanied
by increased expression of p-p38, the phosphorylated
form of p38. It is known that p38MAPK can be activated by various factors, especially the cytokines, such
[3]
as IL-1 and TNF-α , and conversely, the activation
of p38MAPK further promotes the production of the
pro-inflammatory cytokines, resulting in a cytokine
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A

these changes were greatly alleviated by treatment of
WIN55 as well as of SB.
Although p38 inhibitors show obvious anti-inflam
matory effect in colitis, they are not acceptable in
clinical treatment due to their severe side effects, such
as infection, hepatotoxicity, cardiotoxicity, headache,
[6]
gastrointestinal tract symptoms, etc . Inhibiting
p38MAPK by ECS might be a good way to avoid such
side effects. In addition, the newly developed specific
agonists of CBs show diminished psychoactive side
effects, such as drug addiction, euphoria, depression,
alteration of sensory perception, etc when compared
[10]
with the traditional CBs , which promotes the possibility of them using in clinic.
Another interesting finding in this study is that the
induction of DSS colitis boosts the expression of CB1
and CB2 receptors in the mouse colon, and p38MAPK
inhibition attenuates this effect. WIN55 exerts no
effect on expression of CB1 and CB2 receptors, and
the results from western blotting are in accord with
those from immunohistochemistry on the expression
of CB receptors. For the first time the changes of
expression of CB receptors have been evaluated in the
DSS-induced mouse colitis, with or without the regulation of p38MAPK signaling pathway. We speculate
that p38MAPK and ECS are closely related. However,
the detailed mechanism of the interplay between
p38MAPK and ECS is still unclear which will be further
investigated in depth in our future study.
In summary, by using a DSS-induced mouse colitis
model, we confirmed the anti-inflammatory effect of
the cannabinoid receptor agonist WIN55, and revealed
that this agent exercises its action by inhibiting
p38MAPK. Furthermore, we found that SB203580, a
p38MAPK inhibitor, affected the expression of CB1 and
CB2 receptors in the colon tissues of mice with colitis.
The results provide fresh evidence suggesting a close
linkage and cross-talk between the p38MAPK signaling
pathway and the ECS, and shed light on the action
mechanism of WIN55. However, further investigation
is justified until new, effective therapeutic agents are
developed.

CB1
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Figure 7 Expression of cannabinoid receptor type 1 by western blot
analysis. A: Collection of colonic tissues specimens from C57BL/6 mice
in different experimental groups and the western blotting operation were
performed as described in the Materials and Methods; B: Representative
strips from 4 separate experiments with similar results are presented. Semiquantitative blot analysis of cannabinoid (CB)1 receptors was carried out by
ImageJ software. Data are presented as mean ± SD (n = 4). aP < 0.05 vs
control; cP < 0.05 vs dextran sulfate sodium (DSS) + vehicle (Veh).

activation cascade and development of inflammatory
[22]
response . Inhibiting p38MAPK by its inhibitor SB can
effectively decrease the expression of p-p38 and allevi[16]
ate the intestinal inflammation , which was confirmed
by our present study. It is interesting to discover in this
study that WIN55 shows an evident anti-inflammatory
effect and inhibiting role in p38MAPK activation. A
decreased expression of p-p38 in DSS-induced colitis
was observed after administering WIN55 in animals.
At the same time, the proinflammatory cytokines, such
as TNF-α and IL-6, shown in this study, were reduced
by the treatment of WIN55. It is well known that SB
exerts its anti-inflammatory effect by inhibiting p38
activation directly; however, WIN55 exerts its roles
mainly by activating the ECS. Activation of ECS by
WIN55 improves the pathological changes in colon tissues significantly, which we have evaluated adequately
using the pathological scoring systems. Furthermore,
WIN55-mediated reduction of the expression of p-p38
in the DSS-induced colitis suggests that the antiinflammatory effect of ECS is related with the inhibition
of p38MAPK, which might be one of the mechanisms
underlying its anti-inflammatory roles.
In order to further explore the role of WIN55
in improving the gut pathological changes in DSSinduced colitis, we tested the expression of claudin-1
in colon tissues. As the most important components of
the gut tight junctions, the claudin proteins participate
in establishing the paracellular barrier and controlling
[23]
intestinal permeability . In this experiment, the
destroyed epithelial barrier and a decreased expression
of claudin-1 were observed in the colitis model, and

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’
s disease, is a group of chronic disorders characterized by recurrent intestinal
inflammation and overactive immune responses. Generally, for lifelong IBD
in patients, disease flare-up periods alternate with disease remission periods
principally represented by different degrees of intestinal inflammation. It places
a heavy burden on the patients and society, and more effective therapies for
the disease are needed. Cannabinoids (CBs) are reported to be beneficial
in alleviating inflammation in some diseases. It is worthy to evaluate the
anti-inflammatory efficacy and related mechanism of action of potential CB
candidates in UC, which may also offer hints for new directions in UC therapy.
In this study, the authors investigated the anti-inflammatory effect and the
possible mechanism of an agonist of cannabinoid receptors, WIN55-212-2
(WIN55), in mice with dextran sulfate sodium (DSS)-induced experimental
colitis, in order to supply experimental evidence for its possible use in clinic.
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Research frontiers

7

Excessive activation of p38 mitogen-activated protein kinases (p38MAPKs) can
cause recurrent attack of intestinal inflammation and facilitate forming of vicious
cycles. Inhibition of p38MAPKs by p38 inhibitors is unacceptable in clinical
practice due to obvious side effects. WIN55 has been reported as beneficial
for treating some gastrointestinal inflammatory disorders, but the effective
mechanisms are far from being elucidated. This study explored whether the
anti-inflammatory effect of WIN55 is related with p38MAPKs inhibition.

8

Innovations and breakthroughs

This study provides experimental evidence that WIN55 or SB203580 (SB), an
inhibitor of p38, treatment alone or together improved the pathological changes
in mice with DSS-induced colitis, decreased the myeloperoxidase (MPO)
activity in colon and the levels of TNF-α and IL-6 in plasma. The enhanced
expression of claudin-1 and the inhibited expression of p38 phosphorylated
form (p-p38) in colon tissues were found in the WIN55-treated group. In
addition, the expression of CB1 and CB2 receptors was enhanced in the colon
after the induction of DSS colitis but reduced when p38MAPK was inhibited.
These results confirmed the anti-inflammatory effect and protective role of
WIN55 in mice with experimental colitis, and revealed that this agent exercises
its action at least partially by inhibiting p38MAPK. Furthermore, the results
showed that SB affected the expression of CB1 and CB2 receptors in the
mouse colon, suggesting a close linkage and cross-talk between the p38MAPK
signaling pathway and the endogenous cannabinoid system (ECS).

9

10
11

12

Applications

The cannabinoid agonist WIN55 showed greater anti-inflammatory and organ
protective efficacy for experimental colitis, which offers hints for new directions
in UC therapy. And, the experimental results suggest that the p38MAPK
signaling pathway may be a possible therapeutic target in UC.

13

14

Terminology

WIN55, as a typical cannabinoid receptor agonist, can activate the ECS via
acting on the Gi/o coupled membrane receptors: CB1 and CB2, the two main
typical cannabinoid receptors.

15

Peer-review

The authors studied an animal model of DSS-induced colitis and the antiinflammatory effects of WIN55-212-2 on inflammation. The manuscript is well
written and the experiments thoughtfully designed. The results reveal the antiinflammatory effect and protective role of WIN55 on mice with experimental
colitis, and that this agent exerts its action at least partially by inhibiting
p38MAPK.
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METHODS
The rat pancreas from postnatal and embryos
removed from the uterus of pregnant rats that had
been sacrificed by CO2 asphyxiation were used. Rat
pancreas from embryonic day (E) 15.5 and E18.5 rat
embryos was isolated under a stereomicroscope. Rat
pancreas from postnatal (P) days 0, 7, 14, 21 and adult
was directly isolated by the unaided eye. The RT-PCR
analysis of the NBC1 specific region on rat pancreas

AIM
To determine the expression and localization of the
+
electrogenic Na /HCO3 cotransporter (NBC1) in rat
pancreas during development.
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cells into the acini and ducts is recognizable. The
islets are not fully formed until shortly before birth on
[2-4]
E18.5-E19.0
and undergo further remodeling and
[5]
maturation for 2-3 wk after birth . It is well known
that the maintenance of cell pH within a normal range
is crucial for essential biochemical and metabolic
functions. Previous studies have established that
+
Na /HCO3 cotransporter (NBC1) is one of the major
factors which regulate intracellular and extracellular
[6-10]
acid-base homeostasis
. Consistent with this notion,
our study suggests that NBC1 mRNA is specifically
and significantly expressed in the later embryonic
and neonatal stages of the rat pancreas when its
architecture and function are progressively being
accomplished (unpublished observations).
NBC1 is one of the integral membrane protein
families that mediate sodium-bicarbonate cotransport.
It plays important roles in systemic and cellular pH
homeostasis and trans-epithelial solute transport
together with other members of the bicarbonate
[11-13]
transporter superfamily
. Its activity was first
identified in the kidney of the salamander Ambystoma
[14]
tigrinum . To date, NBC1 isoforms have also
been found in various tissues, such as pNBC1 from
[15]
[16]
pancreas , hNBC1 from heart , and rbNBC1 from
[17]
brain . These isoforms differ at the NH2-terminal or
COOH-terminal. The importance of NBC1 in normal
organ function is highlighted by the latest evidence
revealing that patients with homozygous missense
mutations in the NBC1 gene have proximal renal
tubular acidosis, short stature, enamel hypoplasia,
[18]
and bilateral ocular disease . However, even though
a detailed knowledge of the abundance of NBC1
has long been exploited, less is known about its ex
pression pattern in the normal developing pancreas.
Accordingly, to gain further insight into the molecular
mechanisms responsible for NBC1 in the pancreatic
cells, we used rabbit polyclonal antibodies which
target the common epitopes of pNBC1 and kNBC1
to determine the expression pattern and cellular
localization of NBC1 during the development of the rat
pancreas.

tissues from different developmental stages. The two
antibodies which target the NBC1 common COOHterminal region and NH 2-terminal region detected
a clear band of about 145 kDa in the Western blot
analysis. The localization of NBC1 was examined by
immuno-fluorescence detection.
RESULTS
The results revealed the first peak of NBC1 expression at
E18.5 and the second peak at P14. Meanwhile, the low
NBC1 expression occurred at P7 and adult stages. Our
results demonstrated, for the first time, the presence of
NBC1 in the plasma membrane of β and α cells, as well
as in the basolateral membrane of acinar cells of the rat
pancreas at different stages of development.
CONCLUSION
The data strongly suggests that NBC1 is diversely
expressed in the pancreas at different developmental
stages, where it may exert its functions in pancreatic
development especially islet cell growth through HCO3
transport and pH regulation.
Key words: Pancreatic development; β cells; α cells;
+
Na /HCO3 cotransporter; Immunolocalization
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This manuscript demonstrated that Na +/
HCO3 cotransporter (NBC1) was present in the plasma
membrane of β and α cells as well as in the basolateral
membrane of acinar cells in rat developing pancreas
by immuno-fluorescence detection. NBC1 mRNA and
protein were diversely expressed in the pancreas at
different developmental stages by reverse transcription
polymerase chain reaction and Western blot analysis.
The result suggests that it may exert its functions in
pancreatic development especially islet cell growth
through HCO3 transport and pH regulation.
Cao LH, Xia CC, Shi ZC, Wang N, Gu ZH, Yu LZ, Wan Q,
De W. Na+/HCO3- cotransporter is expressed on β and α cells
during rat pancreatic development. World J Gastroenterol 2016;
22(43): 9525-9533 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i43/9525.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i43.9525

MATERIALS AND METHODS
Animal and preparation of rat pancreatic tissue

Sprague Dawley (SD) rats were purchased from
Animal Center of Nanjing Medical University (Nanjing,
China). Male and female SD rats were mated
overnight. At noon of the next day, if the vaginal
plug was discovered it was considered as Day 0.5 of
gestation (E0.5). The embryos were removed from
the uterus of pregnant rats which had been sacrificed
by CO2 asphyxiation. Pancreas from E15.5 and E18.5
rat embryos was isolated under a stereomicroscope,
[19]
as previously described . Rat pancreas from
postnatal (P) days 0, 7, 14, 21 and adult were directly
isolated by the unaided eye. The harvested tissues
were immediately rinsed three times with PBS to

INTRODUCTION
The pancreas is an organ which contains two distinct
cell populations; the exocrine cells secrete enzymes
into the digestive tract and the endocrine cells secrete
hormones into the bloodstream, which are involved in
[1]
nutrient homeostasis, such as insulin and glucagons .
It arises from the endoderm as a dorsal and a ventral
bud which fuse together to form the single organ. By
embryonic day (E)14.5, the development of exocrine
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remove serum proteins, and then fixed with 4%
paraformaldehyde in PBS overnight for histology or
frozen in liquid nitrogen for RNA and protein isolation.

chemiluminescence enhancer reagents (ECL, Amersham
Life Science, Cleveland, OH, United States) for 5 min,
and exposed to VA 711 B Blue Sensitive X-ray films.
Loading controls of presumably constitutively expressed
proteins, such as β-actin, were used. However, their
variability and increase in development precluded their
[22]
use . Densitometric quantification of the bands at
subsaturating levels was performed using the Syngene
tool gel analysis software (Syngene, Cambridge, United
Kingdom).

RT-PCR of rat pancreatic tissue

Isolated rat pancreas tissue was dissolved in Trizol
(Invitrogen, Carlsbad, CA, United States) and total
RNA was purified using the RNeasy Mini Kit (QIAGEN,V
alencia, CA, United States) following the manufac
turer’s instructions. First strand cDNA was synthesized
using 2 μg DNA-free total RNA, random 9 primers
and reverse transcriptase. PCR amplification was
performed in a 25-μL reaction system containing 25
ng of cDNA, 0.2 nmol of each primer set, and 0.3
μL of Taq DNA polymerase (QIAGEN). For detection
of NBC1 variants, the following protocol was used:
denaturation at 95 ℃ for 5 min. Twenty-nine cycles
of PCR amplification performed under following
conditions: denaturation at 95 ℃ for 30 s, annealing
at 53 ℃ for 30 s, and elongation at 72 ℃ for 1 min.
The final extension step was at 72 ℃ for 10 min and
followed by rapid cooling at 4 ℃ to terminate the
reaction. The control used was the amplification of
the 18S rRNA. The primer sets used are as follows:
NBC1, forward: 5’-CTACCTCTTCTCCCAGCACGAC-3’,
reverse: 5’-TGGTTTCTGTTCCCTTGTTCCT-3’ (total
amplified fragment, 402 bp); 18S rRNA, forward:
5’-ACGAACCAGAGCGAAAGC-3’, reverse: 5’-GGACAT
CTAAGGGCATCACAG-3’ (total amplified fragment,
538 bp). The amplified products were analyzed on
1% agarose gels and visualized by ethidium bromide
staining. The data were normalized to the 18S rRNA
subunit.

Double fluorescence immunohistochemical analysis

The paraffin sections were deparaffinized in xylene,
then rehydrated in graded ethanol and distilled
water. The nonspecific binding sites were blocked in
1% BSA for 30 min. For NBC1 and amylase, insulin,
glucagon double immunofluorescence, the rabbit antiNBC1 primary polyclonal antibodies were applied and
revealed using the FITC-labeled donkey anti-rabbit
IgG (AP-182F, diluted 1:200; Chemicon, Inc). Mouse
anti-amylase primary polyclonal antibody (sc-45667,
diluted 1:500; Santa Cruz Biotechnology, Inc, Santa
Cruz, CA, United States), mouse anti-insulin primary
monoclonal antibody (ab6995, diluted 1:2000; abcam,
Cambridge, United Kingdom) or mouse anti-glucagon
primary polyclonal antibody (G-2654,diluted 1:2500;
Sigma Co, St. Louis, MO, United States) was then
applied and revealed by CY3-labeled donkey antimouse IgG (AP192C, diluted 1:400; Chemicon Inc).
Sections were placed in Mounting Medium (Gel Mount
Aqueous, G0918; Sigma Co.) with a cover glass and
were examined under an Olympus BX51 Research
Microscope. To rule out cross-reactivity in this staining
system, the controls used were: first, single staining
with the alternative secondary antibody; and second,
staining in the absence of primary antibody. In neither
case was staining detectable. Images were acquired at
× 400 magnification.

SDS-PAGE and Western blotting

Pancreatic tissue was purified by a combination of
differential centrifugation and discontinuous sucrose
[20,21]
gradient centrifugation
. The concentration of
the membrane proteins fraction of each sample was
analyzed by a modified Bradford assay. An equal
amount of protein samples (100 μg protein in 40 μL
buffer) from each time point separated by 7.5% SDSPAGE and transferred to nitrocellulose membranes
(Bio-Rad, Hercules, CA, United States). For blocking
unspecific binding, membranes were incubated in 5%
fat-free milk in Tris-buffered saline plus 0.05% Tween
20 for 2 h at room temperature. The membranes were
then incubated with the primary antibodies (ab3208 or
ab3212, two affinity purified rabbit polyclonal antibodies
raised against a peptide mapping to the COOH-terminal
amino acids 928-1035 and NH2-terminal amino acids
338-391 of NBC1 respectively; Chemicon, Temecula, CA,
United States), diluted 1:500, overnight at 4 ℃. After
washing in TBST, the membranes were incubated with
the peroxidase-linked goat anti-rabbit IgG conjugates
(1858415, diluted 1:10000; Pierce, Rockford, CA, United
States) for 1 h at room temperature. At the end, the
membranes were washed again in TBST, incubated in

WJG|www.wjgnet.com

Animal care and use statement

All rats were sacrificed by CO2 asphyxiation.

RESULTS
Detection of NBC1 mRNA and protein in the developing
rat pancreas

The RT-PCR analysis of the NBC1 specific region on rat
pancreas tissues from different developmental stages
yielded a band of the expected size (402 bp), as
shown in Figure 1A, where it is also obvious that NBC1
mRNA was expressed at all the developmental stages
tested. Detectable expression was observed at E15.5,
and the high NBC1 mRNA expression was observed
at E18.5, followed by P14. Meanwhile, the low NBC1
mRNA expression was observed at P7 and in the adult
rat.
The two antibodies which target the NBC1 common
COOH-terminal region and NH 2-terminal region

9527

November 21, 2016|Volume 22|Issue 43|

Cao LH et al . NBC1 is expressed on β cells

A
a

E15.5 E18.5 P0 P7 P14 P21 Adult M E15.5 E18.5 P0 P7 P14 P21 Adult

B
a

E15.5

E18.5

P0

P7

P14

P21

Adult

145 kDa

538 bp
402 bp

b

b

1.4

8

NBC1

6

1.0
NBC1 (IOD)

NBC1/185 (IOD)

NBC1

7

1.2

0.8
0.6
0.4

5
4
3
2

0.2

1

0.0

0
E15.5 E18.5

P0

  P7

P14

P21

E15.5 E18.5

Adult

P0

  P7

P14

P21

Adult

Figure 1 NBC1 mRNA expression at different developmental stages of rat pancreas measured by reverse transcription polymerase chain reaction (A) and
analysis of Western blot data delineating NBC1 expression in different developmental stages of rat pancreas (B). A: From E15.5 to adult rat, NBC1 expression
in pancreas shows a biphasic expression pattern with high expression at E18.5 and P14 but low expression at P7 and adult rat. M: Marker (a); NBC1 expression
profile was analyzed and normalized by 18S rRNA (b); B: The data reveals similar bands with molecular weight of about 145 kDa in samples from E15.5 to adult rat.
The position of molecular weight markers are indicated on the left (a); The expression pattern of NBC1 is dynamic during rat pancreas development (b). We performed
densitometric analysis of each band in all pancreatic sample lanes using the Syngenetool gel analysis software. Results are expressed as the IOD (integral optic
density) of single bands in each sample. Values presented are means ± standard deviation of 3 determinations. The level of NBC1 was high at embryonic day (E)18.5
and postnatal day (P)14, but low at P7 and adult stages.

islet clusters, NBC1 expression tended to be more
grouped in the islets cells compared to that in acinar
cells especially in adult rats (Figure 2J-L).
To further identity the other cells (Figure 2) that
express NBC1, pancreatic sections from different
developmental stages were double-stained with
fluorescently labeled antibodies to both NBC1 and the
β cell markers insulin (Figure 3) or the α cell markers
glucagon (Figure 4). Together, these results showed
the exclusive colocalization, at the plasma membrane,
of NBC1 and insulin (Figure 3C, F, I and L) or glucagon
(Figure 4C and F) at every stage tested. The result
of these analyses demonstrated a close association
between NBC1 and the developing pancreas.

detected a clear band of about 145 kDa in the Western
blot analysis of the membrane protein fraction samples
extracted from pancreas of E15.5, E18.5, P0, P7,
P14, P21 and adult rats, as illustrated in Figure 1B.
Densitometric quantification of each band showed
that the expression level of NBC1 was high at E18.5,
followed by P14, after which it steadily decreased and
was the lowest at P7 and in adult rats. No labeling was
obtained by incubation with pre-immune serum (data
not shown). The pattern of NBC1 protein expression
and abundance tendency revealed by this analysis
(Figure 1B) are consistent with the NBC1 mRNA
expression (Figure 1A) profile described above.

Immunolocalization of NBC1 in rat pancreas of different
developmental stage

DISCUSSION

Serial pancreas sections (from E18.5, P7, P14 and adult
rat) were double-stained with immunofluorescence
labeled antibodies against both the NBC1 and the acinar
cell markers amylase. The anti-NBC1 antibody-labeled
acinar cells and other cells were mainly observed at the
basolateral cell sides. The results additionally showed
the exclusive overlapping at the basolateral membrane
between NBC1-positive cells and cells labeled with
antibodies against amylase at every stage tested (Figure
2C, F, I and L). The NBC1 positive signal was extensive
and strong at E18.5 (Figure 2A-C) and P14 (Figure
2G-I), after which the fluorescence signals at the
basolateral membrane of the acinar cells declined to a
weak but detectable level at P7 (Figure 2D-F) and adult
rat (Figure 2J-L). Moreover, along with the developing

WJG|www.wjgnet.com

The pancreas develops from simple budlike structures
on the primitive gut tube to a highly branched organ
containing many specialized cell types. This is a highly
coordinated process. As it is well known, the pH of
internal and external body fluids is mainly controlled
by the HCO3 /CO2 buffer system. Additionally, both
the pNBC1 and kNBC1 proteins were detected in the
basolateral sides of the rat pancreas acinar cells and
[23,24]
ducts using N-terminal variant specific antibodies
.
NBC1 expressed in pancreas may contribute to HCO3
transport and pH regulation to maintain the internal
[25,26]
environment homeostasis
. From later embryonic
stages to adult stages, pancreatic cells undergo
dramatic differentiation, proliferation, apoptosis and
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Figure 2 Localization of NBC1 and amylase determined by immunofluorescence detection in different developmental stages of rat pancreas. Labeling of
NBC1 antibodies was detected with an FITC (green)-labeled secondary antibody. Labeling of amylase was detected with a CY3 (red)-labeled secondary antibody
on the same section. The overlap of NBC1 (green) and amylase (red) labeling creates orange color. NBC1 positive cells can be detected in pancreas sections at all
time points tested. Specific NBC1 immunostaining is present at the basolateral membrane of acinar cells (I, arrow) and the plasma membrane of β cells (F, arrow).
NBC1 positive cells make up a widespread proportion of the total cells at E18.5 (A-C) and there is an overlap between the NBC1 positive cells and cells marked with
antibodies against amylase in pancreas of E18.5 (arrow). NBC1 positive messages decline to a low but detectable level in acinar cells in adult rat comparing with that
of β cells, which apparently are strong positive signals (L, arrow). All of the primary magnifications are × 400. Insets, higher magnifications of the areas indicated by
arrow in embryonic day (E)18.5, postnatal (P)7 and P14.

remodeling. Therefore, the observed change on NBC1
expression level during the later embryonic period and
after birth may not be a coincidence.
Studies have shown region-specific expression of
different forms of NBC1, with kNBC1 being prominent
in the kidney and pNBC1 being dominant in the
pancreas. Moreover, reports also suggested that both
pNBC1 and kNBC1 were transcribed from the same
gene. Indeed, they only differ at the NH2-terminal or
COOH-terminal region and might even have identical
[27]
function . In this study the antibodies used were
developed against the common epitope of the two
NBC1 isoforms, which could simultaneously identify
the two isoforms expressed in the rat pancreatic
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tissue. These antibodies were successfully certified by
[28]
Jensen et al on their research on NBC1 distribution
with convincing results. Accordingly, it can be asserted
that the antibodies used in this study are reliably,
sensitively and specifically detecting NBC1. Our results
provide a better understanding of the tissue expression
and cellular localization of NBC1 in rat pancreas.
Immunoblotting analysis of pancreatic tissues in
different developmental stages revealed similar bands
with molecular weight of about 145 kDa (Figure 1B).
Specifically, the Western blot analysis revealed that
NBC1 peptide expression was increased at E18.5 and
P14, then was markedly decreased at P7 and the
adult stage. Consistent with the results of Western
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Figure 3 Localization of the NBC1 and insulin determined by immunofluorescence detecting in different developmental stages of rat pancreas. Labeling of
the NBC1 antibodies was detected with an FITC (green)-labeled secondary antibody. Labeling of insulin was detected with a CY3 (red)-labeled secondary antibody
on the same section. The overlap of NBC1 (green) and insulin (red) labeling creates orange color. Strong staining for NBC1 is seen in the developing islets at all
tested time points, which dominantly colocalizes with insulin positive β cells at the sides of the plasma membrane (arrows). All of the primary magnifications are × 400.
Insets, higher magnifications of the areas indicated by arrow in embryonic day (E)18.5 and adult rat. P: Postnatal day.

blot analysis, the mRNA level of NBC1 exhibited a
similar expression pattern (Figure 1A). Both of these
results on protein and mRNA in adult rat pancreas
are fully consistent with the study by Roussa et
[23]
[29]
al and Satoh et al . From E18.5 to birth, active
cellular organization proceeds to form the classic
cellular features of the pancreas. In addition, after
birth, a great amount of islet cells undergo apoptosis.
From P14 to P21, islet cell proliferation increases
[30,31]
dramatically and the islet structure is remodeled
.
Acid-base homeostasis of the internal environment
is necessary for the formation of the pancreatic
architecture and islet structure remodeling. The
specific expression pattern of NBC1 protein and mRNA
suggest its potential involvement at different stages of
rat pancreatic development.
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The anti-NBC1 antibodies labeled acinar cells,
shown in Figure 2, shows that the labeling was quite
intense at E18.5 and P14, weak but detectable at P7
and adult rat. This result was also in agreement with
the mRNA and protein data. Interestingly, at E18.5,
acinar cells positive for messenger RNA were weak
comparable to other cells. However, in the postnatal
period when the endocrine cells migrate to form the
mature islet structure, the labeling by the anti-NBC1
antibodies was observed not only in acinar cells but
also in islet cells (Figure 2D-L). The signal of the
islet cells was obviously stronger than that observed
acinar cells in adult rat (Figure 2L). NBC1 is one of
the transporters that maintain the intercellular pH
stable at approximately 7.13 in acinar cells, where the
+
Na /HCO3 cotransporter removes excess base from
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Figure 4 Localization of the NBC1 and glucagon determined by immunofluorescence detection in pancreas of embryonic day 18.5 and adult rat. Labeling
by the NBC1 antibodies was detected with an FITC (green)-labeled secondary antibody. Labeling of glucagon was detected with a CY3 (red)-labeled secondary
antibody on the same section. The overlap of NBC1 (green) and glucagon (red) labeling creates orange color. NBC1 positive cells and glucagon positive cells can be
detected in two pancreas sections tested. Obviously, the two proteins are predominantly colocalized in embryonic day (E)18.5 and adult rat (arrows). All of the primary
magnifications are × 400. Insets, higher magnifications of the areas indicated by arrow in E18.5.

the cytosol. Other potential roles of this transporter
include participating in NaCl and fluid secretion by the
[25]
pancreatic acini and regulating cell growth . Taken
together, our results point to a possible role of NBC1 in
the development and function of acinar cells. Further
study could provide additional insight into the exact
mechanism underlying this expression pattern and its
precise roles.
The localization of NBC1 in islet cells is shown
in Figures 3 and 4. There was a bulk of overlapping
between the NBC1 positive cells and cells stained with
antibodies against insulin and glucagon which are
present in pancreatic α and β cells. The staining of α
and β cells was strong but no marked distinction was
observed at any of the stages analyzed. Nevertheless,
the above results revealed that the low expression was
at P7 and adult rat. The endocrine pancreas undergoes
major remodeling during neonatal development
involving a mechanism whereby the β cell growth or
[31,32]
apoptosis is regulated
. Thus, β cell apoptosis could
be the main factor in the refinement of cell mass at P7.
The endocrine pancreas makes up only 1.5 percent of
[33]
the entire pancreas , accordingly the total expression
level of NBC1 could be low in adult rat. Some studies
have shown that an acidic granular pH is important
2+
[34]
for Ca -induced insulin secretion . Given the pivotal
role played by NBC1 in cellular acid-base homeostasis,
we believe that NBC1 may play a role during islet cell
growth and insulin secretion. Overall our results are at
odds with the previous report that the anti-pNBC1 and
anti-kNBC1 antibodies did not label the islet cells in rat
[29]
pancreas . In their study they used two polyclonal
antibodies against variant-specific regions in the NH2-
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terminal of the rat kNBC1 (amino acids 4-16) and the
rat pNBC1 (amino acids 2-12). On the other hand,
in our study two affinity purified rabbit polyclonal
antibodies raised against the common region of the
two NBC1 isoforms at the COOH-terminal amino acids
928-1035 or NH2-terminal amino acids 338-391 were
used in the immunohistochemical analysis. Thus, our
results establish for the first time that NBC1 is strongly
expressed on the plasma membrane of α and β cells in
islets with a distinct spatiotemporal expression pattern.
In conclusion, the present study investigated the
expression and cellular distribution of the NBC1 in rat
pancreatic development by RT-PCR, immunoblotting
and double-labeling immunofluorescence analyses.
This study provided the first evidence for NBC1
localization on the plasma membrane of β and α cells
and its dynamic expression in rat pancreas from
late embryonic stages to the neonatal stage. The
expression profile combined with the information on
the biology of NBC1 suggests that this transporter
play a significant role during the late embryonic and
early postnatal stages and could be one of the factors
involved in pancreatic cell behavior. Future studies
are warranted to verify the exact significance of NBC1
expression and its localization pattern.
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Abstract
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AIM
To assess the effects of hepatitis B virus (HBV) on the
expression of host α-1,2-mannosidases and determine
the underlying mechanisms.

Institutional review board statement: The study was reviewed
and approved by the Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology Institutional
Review Board.

METHODS
We measured the expression levels of MAN1A1, MAN1A2,
MAN1B1, and MAN1C1 in cell lines HepG2.2.15, HepN10,
HepAD38 and HepG2 by Western blot. Viral antigens
(HBsAg and HBeAg) in the culture medium were
measured using the chemiluminescence method. HBV
DNA quantification assays were performed using a
commercial real-time PCR kit. Protein levels of human
liver tissue α-1,2-mannosidases were also evaluated
by Western blot. Plasmids containing seven individual
viral genes of HBV (PTT22-HBx, PTT22-HBs, PTT22preS2, PTT22-preS1, PTT22-HBc, PTT22-HBe, and
PTT22-HBp) or control plasmids (PTT22-vector) were
transfected into HepG2 cells. MK886 (PPARα) and
GW9662 (PPARγ) inhibitors were used to explore the
effects of HBV on α-1,2-mannosidase expression after
the PPARα and PPARγ pathways were blocked.
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RESULTS
We showed that the expression of α-1,2-mannosidases
was higher in stably transfected HBV cells than in
controls. The expression levels of α-1,2-mannosidase
were higher in AD38 cells than those in ND10 cells,
which were in turn greater than those in G2.2.15 cells,
and positively correlated with the expression of HBsAg
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are potent antigen-presenting cells (APCs) that can
present antigen to T cells and activate naive T cells.
Multiple receptor molecules on the surface of DCs,
including Toll-like receptors (TLRs) and C-type lectin
receptors (CLRs), participate in the recognition and
uptake of pathogens, and can regulate the expression
[4]
of co-stimulatory molecules . In particular, DCspecific ICAM-3 grabbing non-integrin (DC-SIGN) is an
important CLR that is mainly expressed on the surface
[5]
of mature and immature DCs .
DC-SIGN plays an important role in the recognition
[5]
of pathogen-associated molecular patterns (PAMPs) .
Moreover, previous studies have shown that DC-SIGN is
involved in the immune escape of multiple pathogenic
microorganisms, including HIV-1, Ebola virus, hepatitis
C virus (HCV), Dengue fever virus, cytomegalovirus
(CMV), SARS-coronavirus, mycobacterium tuberculosis,
[6,7]
Helicobacter pylori, fungus, and some parasites .
Unfortunately, the mechanisms behind immune escape
mediated by DC-SIGN remain unclear. It may be that
DC-SIGN directly recognizes mannose oligosaccha
rides found on the viral envelope of HBV. Through
modifications to these mannose oligosaccharides on
its viral envelope, HBV could potential evade the host
immune system. Indeed, it has been shown that DCSIGN does not recognize wild-type HBV but does
recognize a high-mannose type HBV produced by
the application of a class Ⅰ α-mannosidase inhibitor,
[8,9]
kifunensine . Moreover, in our previous studies, we
found that the high-mannose type HBV could promote
the maturation of DCs, increase IL-12 secretion, and
effectively stimulate the proliferation of allogeneic
lymphocytes, and that these effects were blocked
[10]
by specific anti-DC-SIGN antibodies . Therefore,
demannosylation appears to be beneficial to HBV to
escape DC-SIGN recognition and avoid the consequent
immune elimination.
Demannosylation of glycoproteins occurs through
a family of mannosidases that trim mannan in the
N-oligosaccharide. Human Class Ⅰ α-mannosidases
include the ER α-1, 2-mannosidase I (MAN1B1), and
three Golgi α-1,2-mannosidases, namely α-mannosidase
IA (MAN1A1), α-mannosidase IB (MAN1A2), and
α-mannosidase IC (MAN1C1). Generally, MAN1B1 firstly
trims α-1,2-mannose from Man9GlcNAc2-Asn, and
then MAN1A1, MAN1A2, and MAN1C1 trim the residual
α-1,2-mannose, to generate Man5GlcNAc2-Asn. These
processes are dependent on the varying levels of the
[11]
mannosidase subtypes in different cell types . There
are glycosylation sites on the surface of HBV envelope
[12]
proteins, which could be glycosylated by the host .
Therefore, it is not surprising that HBV infection has
previously been shown to upregulate the expression of
ER degradation-enhancing α-mannosidases (EDEMs)
[13]
in order to increase demannosylation . However, few
studies have investigated the effects of HBV on the
expression of class Ⅰ α-mannosidases.
Peroxisome proliferator activated-receptors (PPARs),

in all the cell lines. Levels of α-1,2-mannosidase in nontumorous liver tissues of HBV-related HCC patients
were also higher than in the tissues from non-HBVrelated HCC patients. Moreover, transfecting HepG2
cells with a component of the HBV viral envelope also
increased the expression of α-1,2-mannosidases.
However, this envelope protein component could not
induce MAN1C1 expression in the presence of a PPARα
inhibitor, MK886. We also found that MK886 did not
affect the expression of MAN1C1 in AD38 cells without
tetracycline in the culture medium. This phenomenon
was not observed in the case of GW9662.
CONCLUSION
Our results indicate that HBV increases the expression
of α-mannosidases both in vitro and in vivo via
activation of the PPARα pathway by its envelope
protein.
Key words: Hepatitis B; Pattern recognition receptors;
α-Mannosidase; Glycosylation; Dendritic cells
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, few studies have investigated
whether hepatitis B virus (HBV) hijacks the host
hepatocyte’s demannosylation system to trim the
mannose oligosaccharides found on its viral envelope,
thereby evading DC-SIGN recognition. Our study
showed that HBV could increase the expression of
α-mannosidase I both in vitro and in vivo . Moreover,
the HBV envelope protein increases the expression of
α-mannosidase I via the PPARα pathway. Therefore,
α-mannosidase I may be a novel drug target to inhibit
the demannosylation of HBV, and prevent viral escape.
Hu S, Jiang LB, Zou XJ, Yi W, Tian DY. Hepatitis B virus
upregulates host expression of α-1,2-mannosidases via the
PPARα pathway. World J Gastroenterol 2016; 22(43): 9534-9543
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i43/9534.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i43.9534

INTRODUCTION
Hepatitis B virus (HBV) infection is the most common
chronic viral infection in the world. An estimated
2 billion people are infected, and more than 350
[1]
million are chronic carriers of the virus . Due to an
insufficient immune response, some individuals with
HBV infection can develop chronic hepatitis, which can
eventually result in liver cirrhosis and hepatocellular
carcinoma (HCC). While the underlying mechanisms
for HBV-induced chronic hepatitis remain unclear,
several studies indicate that dendritic cell (DC) function
[2,3]
is impaired in patients with chronic hepatitis B . DCs
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a group of ligand-activated nuclear transcription factors,
may be involved in α-mannosidase expression during
HBV infection. Indeed, tumor necrosis factor-α (TNF-α)
has been shown to downregulate the expression of
MAN1C1 to increase the expression of high-mannose
type proteoglycans, and this can be reversed by the
[14]
activation of the PPAR signaling pathway . Based on
the results of these previous studies, we hypothesized
that HBV could promote the demannosylation of
the viral protein by increasing the expression of
α-mannosidase I in the host cells. In turn, DC-SIGN can
no longer recognize the HBV glycoprotein coat, allowing
the virus to escape from immune attack. In the present
study, we investigated the effects of HBV infection on
the expression of α-mannosidase I, and also determined
the mechanisms driving the altered expression. We
show for the first time that HBV infection increases the
expression of α-mannosidase I via the PPARα signaling
pathway.

Aldrich) were added to the cells 6 h after transfection.

Patient samples

Human liver tissues were obtained from patients who
were treated at Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology
between July 2014 and December 2014, and included
12 non-tumorous samples from HBV-related HCC
patients and 12 samples from non-HBV-related HCC
patients. All tissue samples were collected and stored
at -80 ℃ before investigation.

SDS-PAGE and Western blotting

Cells were lysed 72 h after transfection. Cell and
tissue samples were lysed in RIRA (Sigma-Aldrich)
buffer with PMSF (Sigma-Aldrich). Lysates were
centrifuged for 10 min at 12000 × g, and protein in
the supernatant was quantified using the BCA method
(Pierce). SDS-PAGE and western blot analysis were
performed according to standard procedures. Mouse
anti-HBs, anti-HBx, anti-HBp, and anti-HBc antibodies
were kindly provided by Dr. Quan Yuan from Xiamen
University. Goat anti-MAN1A1 (Santa Cruz; 1:500
dilution), rabbit anti-MAN1A2 (Proteintech; 1:200
dilution), rabbit anti-MAN1B1 (GeneTex; 1:500
dilution), mouse anti-MAN1C1 (Abcam; 1:500 dilution)
antibodies were used as the primary antibodies. Mouse
anti-β-actin (Proteintech; 1:1000 dilution) was used as
a reference for protein quantification. Goat anti-mouse
IgG (Proteintech; 1:10000 dilution), goat anti-rabbit
IgG (Proteintech; 1:10000 dilution), and donkey antigoat IgG (Santa Cruz; 1:10000 dilution) were used
as the secondary antibodies followed by enhanced
chemiluminescence (ECL; ThermoFisher Scientific)
detection.

MATERIALS AND METHODS
Cell culture and virological analyses

Human hepatocellular carcinoma cells (HepG2,
HepG2.2.15, AD38, and N10) were cultured in DMEM
at 37 ℃ in a 5% CO2 incubator. The medium was
supplemented with 10% FBS, 100 IU/mL penicillin,
and 100 IU/mL streptomycin. Cells were changed
into fresh medium every third day, and split by
[15]
trypsinization at a confluence of about 90% . AD38
cells, which are a variant of HepG2 cells, express
the HBV genome under the control of a tetracycline
(Tet)-off promoter. Therefore, the AD38 cell culture
medium also contained tetracycline (1 μg/mL)
[16]
when not requiring the expression of HBV genes .
HepG2.2.15 and N10 cells are secretory HBV cell lines
[17]
derived from G2 . Viral antigens (HBsAg and HBeAg)
in the culture medium were measured using the
chemiluminescence method with commercial assay
kits (Wantai, Beijing, China). HBV DNA quantification
assays were performed using a commercial real-time
PCR kit (Kehua, Shanghai, China).

Ethical approval

The Ethics Committee of Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology authorized the study protocol. Written
informed consent was obtained from all participants
regarding the aims and objectives of the study. IRB
ID:TJ-C20140411. The Valid Date was from 05/2014
to 05/2015.

Transfection and treatment with PPAR inhibitors

Plasmids containing seven individual viral genes of
HBV (i.e., Ptt22-HBx, Ptt22-HBs, Ptt22-preS2, Ptt22preS1, Ptt22-HBc, Ptt22-HBe, and Ptt22-HBp) and the
control plasmid (Ptt22-vector) were a kind gift from
Dr. Quan Yuan and Tianying Zhang (National Institute
of Diagnostics and Vaccine Development in Infectious
Diseases, Xiamen University, China). Transient
transfections with plasmids were performed using
Lipofectamine 2000 Reagent (Invitrogen, United States)
according to the manufacturer’s protocol. HepG2 cell
[18]
lines only express PPARα and PPARγ but not PPARβ .
Therefore, PPARα (MK886) and PPARγ (GW9662)
inhibitors were used at a concentration of 10 μmol/L,
unless otherwise noted. MK886 and GW9662 (Sigma-

WJG|www.wjgnet.com

Statistical analysis

Data are mean ± SD of at least three replicates.
The expression of the α-1,2-mannosidase levels
were compared between groups using the Student t
test. Statistical analysis was performed using SPSS
software. Differences were considered statistically
significant at a value of P < 0.05.

RESULTS
α -1,2-mannosidase is upregulated in a stably
transfected HBV cell line

In order to investigate whether HBV could upregulate
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the expression of α-1, 2-mannosidases, we measured
the expression of MAN1A1, MAN1A2, MAN1B1, and
MAN1C1 in hepatoma cells with or without HBV
transfection. MAN1A1, MANA2, MAN1B1, and MAN1C1
protein levels in the HepG2.2.15 and N10 cell lines with
stable HBV-transfection were higher than in HepG2
cells (Figure 1). To confirm whether HBV infection
was the cause of the upregulation, AD38 cells,
which express the HBV genome under the control
of a tetracycline (Tet)-off promoter, were further
investigated. The expression of HBV genes in the
AD38 cell line was restricted in the presence of Tet.
When Tet was absent, these cells produced 3.5 kb HBV
pregenomic RNA and secreted virus-like particles into
the supernatant. We found that α-1,2-mannosidase
expression in the AD38 cells without Tet was higher
than in cells with Tet (Figure 1A and B).
The expression levels of mannosidases were higher
in AD38 cells than those in ND10 cells, which were in
turn greater than those in G2.2.15 cells. To investigate
the association between the expression of α-1,2mannosidase and virus secretion, we assessed virus
secretion in the cell culture supernatants of various
HBV cell lines. Among the three cell lines, AD38
without Tet showed the highest secretion of HBV-DNA
7.8
(10 ± 0.1 IU/mL), HBeAg (21.9 ± 0.8 NCU/mL), and
HBsAg (87.5 ± 2.4 IU/mL) (Figure 1C-E). Further, the
expression of α-1,2-mannosidase in all the cell lines
was positively correlated with the expression of HBsAg
(Figure 1D).

MAN1C1 protein levels increased in cells transfected
with HBs, preS2, and preS1; however, the other viral
proteins (HBc, HBx, HBe, and HBp) had no significant
effects on α-1,2-mannosidase expression (Figure
3F and G). HBV has the genes for three envelope
proteins: SHB, MHB (PreS2 + S) and LHB (PreS1 +
[19]
PreS2 + S) . Because of the similarity in the SHB
motifs for PTT22-HBs (SHB), PTT22-preS2 (MHB), and
PTT22-preS1 (LHB), we focused on PTT22-HBs for
further study.

MK886 could neutralize the effects of HBV

As the downregulation of MAN1C1 expression can
be reversed by activation of the PPAR signaling
[14]
pathway , we investigated whether the HBVinduced increase in α-1,2-mannosidase expression is
associated with the PPAR signaling pathway. As HepG2
[18]
cells only express PPARα and PPARγ , MK886 (PPARα)
and GW9662 (PPARγ) inhibitors were used to explore
the effects of HBV on α-1,2-mannosidase expression
after the PPARα and PPARγ pathways were blocked.
The results showed that after the application of the
PPARα inhibitor MK886, the effects of HBV on α-1,2mannosidase expression were neutralized; however,
no such effects were found when a PPARγ inhibitor
was applied (Figure 4A). In order to further confirm
whether the PPAR signaling pathway plays a role in
the HBV-mediated increase in α-1,2-mannosidase
levels, we tested the effect of GW9662 and MK886 on
the expression of α-1,2-mannosidase in AD38 cells.
We found that MK886 did not affect the expression
of MAN1C1 in AD38 cells without Tet, indicating that
MK886 inhibited the increase in α-1,2-mannosidase
levels caused by the Tet withdrawal. However, this
phenomenon was not observed in the case of GW9662
(Figure 4C).

α -1,2-mannosidases are upregulated in human liver
tissues

Next, we investigated whether HBV could upregulate
the expression of α-1, 2-mannosidases (MAN1A1,
MAN1A2, MAN1B1, and MAN1C1) in human liver sam
ples. Levels of α-1,2-mannosidase in non-tumorous
liver tissues of the HBV-related HCC patients were
higher than in the tissues from non-HBV-related HCC
patients (Figure 2). These findings suggest that HBV
increases the expression of α-1,2-mannosidases both
in vivo and in vitro. Since previous studies have shown
[14]
that MAN1C1 plays a vital role in glycosylation ,
subsequent experiments focused on the role of this
protein, as a representative of the α-1,2-mannosidases.

DISCUSSION
Most enveloped viruses, including HBV, contain
envelope protein polysaccharides, which are ex
[20]
tensively glycosylated . Protein glycosylation has
multiple functions, and sometimes assists in evading
[21]
immune surveillance . Viruses use the host cell
glycosylation system to synthesize and modify their
envelope proteoglycans, and thus, the structures of
viral envelope glycoproteins can be affected by the
[22]
glycosylation mechanisms in the host . Indeed,
previous studies have shown that applying low-doses
of glucosidase inhibitors to host cells changes the
[23]
phenotype of the viral envelope proteins . This, in
turn, can reduce viral infection and affect the virus
[23]
assembly and/or particle release . For example,
the α-glucosidase inhibitor NB-DNJ was previously
shown to prevent the HBV from correct folding and
the release of viral envelope molecules, and thus,
[9]
could dose-dependently reduce the virus level . On
the other hand, while the α-mannosidase I inhibitor

α -1,2-mannosidases are upregulated in the HBs, preS2
and preS1-transfected hepatoma cells

To further confirm the effect of HBV on α-1,2mannosidase expression, plasmids containing seven
individual viral genes of HBV (PTT22-HBx, PTT22-HBs,
PTT22-preS2, PTT22-preS1, PTT22-HBc, PTT22-HBe,
and PTT22-HBp) or control plasmids (PTT22-vector)
were transfected into HepG2 cells. Western blot was
used to determine the expression of HBx (Figure
3A), HBp (Figure 3B), HBc (Figure 3C), HBs, preS2,
and preS1 (Figure 3D); whereas ELISA was used
to estimate the expression of HBe (Figure 3E). The
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kifunensine did not affect the production or secretion
of HBV virus particles, it did increase its recognition
by DC-SIGN, resulting in activation of the immune
[8,9]
response . Moreover, in our previous studies, we
found that demannosylation is beneficial to HBV
[10]
to escape DC-SIGN recognition . Therefore, the
upregulation of host α-mannosidases by HBV, as
observed in this study, appears to contribute to viral
[10]
escape .
HBV contains three envelope proteins made up
of the preS1, preS2, and S domains: the large (L,
preS1/preS2/S), middle (M, preS2/S), and small
[24]
(S) envelope proteins . The L and S proteins can
only be singly glycosylated (P39 and GP42 for the
L protein, and P24 and GP27 for S protein). There
is also a N-glycosylation site (NXS/T) at N146 of
the S region. On the other hand, the M protein can
[25]
be bi-glycosylated (at the GP33 and GP36 sites) .
We used plasmids encoding different HBV proteins,
including the L, M, and S proteins, to transfect HepG2
cells. Surprisingly, we found that only the L, M, and
S proteins could increase the expression of MAN1C1;
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however, such an effect was not found for the other
HBV proteins. As all the L, M, and S proteins include
the S domain, we hypothesized that it was this region
that induced the increase of MAN1C1. Therefore, the S
protein was used to represent the envelope protein in
the consequent experiments.
As it was unclear whether this envelope protein
increased MAN1C1 expression via a direct or indirect
effect, we further investigated the exact mechanisms
involved in HBV-induced MAN1C1 expression. We
examined whether the HBV envelope protein activated
the PPARγ pathway to increase the expression of
MAN1C1 protein. However, we found that inhibition
of the PPARγ pathway with GW9662 did not affect the
HBV envelope protein-induced upregulation of MAN1C1
expression. On the other hand, when the PPARα
pathway was inhibited with MK886, the envelope
protein could not upregulate MAN1C1 expression. Our
results indicate that MAN1C1 expression is associated
with the PPARα pathway, whereas previous studies
have shown that MAN1C1 expression in endothelial
[14]
cells is associated with the PPARγ pathway . We
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speculate that the expression of PPAR subtypes could
be altered in different cell types, which could be at
least partially responsible for the difference between
our findings and the previous studies. We also tested
the effect of MK886 on the expression of α-1,2mannosidases in AD38 cells. Increases in the levels
of MAN1C1 were inhibited by MK886 in AD38 cells.
Therefore, we speculate that the effects of the HBV
envelope protein in upregulating the expression of
class Ⅰ α-mannosidases are closely associated with the
PPARα pathway.
We only focused on MAN1C1 in this study. Fur
thermore, the measurement of HBV glycosylation
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status together with the effect on HBV glycosylation
upon knock-down of the different mannosidase
members in HBV expressing or not cells might better
explain the correlation between HBV production,
mannosidase level and HBV glycosylation status.
We will consider all the mannosidase members and
explain the correlation between HBV production,
mannosidase level and HBV glycosylation status in
future experiments.
In conclusion, the findings of the present study
showed that HBV could increase the expression of
class Ⅰ α-mannosidases both in vitro and in vivo.
Moreover, the HBV envelope protein increases the
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expression of class Ⅰ α-mannosidases via the PPARα
pathway (Figure 5). These findings suggest that
the class Ⅰ α-mannosidases could be used as drug
targets to inhibit the demannosylation of HBV, thereby
improving the binding of the virus to DC-SIGN and
disrupting the immune tolerance to prevent and treat
viral infection.
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the present study, the authors aimed to explore one of the mechanisms able to
impair dendritic cell function in patients suffering from chronic hepatitis B; they
hypothesized that HBV could promote the demannosylation of HBV glycoprotein
coat by increasing the expression of α-mannosidase 1 allowing HBV to escape
from host immunity.

plasmids.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the Ethics Committee of East
Carolina University.

AIM
To understand the influence of frailty on postoperative
outcomes for laparoscopic and open colectomy.

Informed consent statement: Patients were not required to
give informed consent to the study.

METHODS
Data were obtained from the National Surgical Qua
lity Improvement Program (2005-2012) for patients
undergoing colon resection [open colectomy (OC) and
laparoscopic colectomy (LC)]. Patients were classified
as non-frail (0 points), low frailty (1 point), moderate
frailty (2 points), and severe frailty (≥ 3) using the
Modified Frailty Index. 30-d mortality and complications
were used as the primary end point and analyzed for
the overall population. Complications were grouped into
major and minor. Subset analysis was performed for
patients undergoing colectomy (total colectomy, partial
colectomy and sigmoid colectomy) and separately for
patients undergoing rectal surgery (abdominoperineal
resection, low anterior resection, and proctocolectomy).
We analyzed the data using SAS Platform JMP Pro
version 10.0.0 (SAS Institute Inc., Cary, NC, United
States).
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RESULTS
A total of 94811 patients were identified; the majority
underwent OC (58.7%), were white (76.9%), and
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[4]

for laparoscopic colectomy . For non-oncologic
resections, similar results have been reported.
Retrospective studies evaluating elective colectomy for
diverticulosis and randomized trials such as the SIGMA
have reported a significant reduction in postoperative
[5,6]
morbidity with a minimally invasive approach
.
Unfortunately, clinical trials in laparoscopic surgery
have underrepresented the elderly and fail to account
[7,8]
for frailty .
Most investigators define frailty as a decrease in
physiological reserve of multiple organ systems with
identifiable altered physical function beyond what is
[9,10]
expected for normal aging
. The use of laparoscopic
surgery in the medically unfit patient has been
questioned due to concerns over prolonged operative
times, increased the technical challenge, increased
pneumoperitoneum-related physiologic demands, and
[11,12]
patient positioning
. Indeed significant controversy
exist regarding minimally invasive abdominal surgery
in elderly patients as some studies have reported
[13]
increased risk of complications , whereas, others
have presented laparoscopic surgery to be a safe
[14,15]
procedure even in the elderly
. Given this, it
remains debated whether open or laparoscopic colo
rectal surgery is indicated in elderly patients with a
poor performance status.
Little is understood regarding the impact of frailty
on outcomes after colorectal surgery. It is unclear
whether the increasingly technical and physiologic
demands of laparoscopic surgery outweigh the benefits
of a minimally invasive approach. The purpose of this
study was to determine whether laparoscopic surgery
remains superior to open intervention in the frail.

non-frail (44.8%). The median age was 61.3 years.
Prolonged length of stay (LOS) occurred in 4.7%, and
30-d mortality was 2.28%. Patients undergoing OC
were older (61.89 ± 15.31 vs 60.55 ± 14.93) and had
a higher ASA score (48.3% ASA3 vs 57.7% ASA2 in the
LC group) (p < 0.0001). Most patients were non-frail
(42.5% OC vs 48% LC, p < 0.0001). Complications,
prolonged LOS, and mortality were significantly more
common in patients undergoing OC (p < 0.0001). OC
had a higher risk of death and complications compared
to LC for all frailty scores (non-frail: OR = 4.7, and
OR = 4.67; mildly frail: OR = 2.51, and OR = 2.47;
moderately frail: OR = 2.94, and OR = 2.02, severely
frail: OR = 2.37, and OR = 2.34, p < 0.05) and an
increase in absolute mortality with increasing frailty
(non-frail 0.68% OC, mildly frail 1.39%, moderately
frail 3.44%, and severely frail 5.83%, p < 0.0001).
CONCLUSION
LC is associated with improved outcomes. Although
the odds of mortality are higher in non-frail, there is a
progressive increase in mortality with increasing frailty.
Key words: Frailty; outcome; mortality; morbidity;
colectomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The safety of laparoscopic colectomy is
well established; however to date little is understood
regarding the influence of frailty on postoperative
outcomes. The purpose of our study was to
determine the safety of laparoscopic surgery for
patient undergoing colonic resection through the
frailty spectrum compared to open intervention.
After analyzing a total of 94811 patients undergoing
colectomy, and classifying them by their frailty scores.
We found that laparoscopic surgery is superior to
open surgery for patients undergoing colon resection
regarding morbidity and mortality. Increases in frailty
magnify differences between approaches.

MATERIALS AND METHODS
Data source

Data from American College of Surgeons National
Surgical Quality (ACS-NSQIP) Improvement Program
Participant Use Files, which is a nationwide dataset
containing data entered by trained clinical reviewers,
for the period of 2005 to 2012 were used in this
study. The dataset includes pre-operative risk
factors, laboratory values, intraoperative data, and
postoperative morbidity and mortality. However, these
data have not been verified, and the ACS-NSQIP
administration is not responsible for the statistical
validity of the data analysis or the conclusions derived
in this study. The Health Sciences Institutional Review
Board of East Carolina University approved the study
protocol.

Mosquera C, Spaniolas K, Fitzgerald TL. Impact of frailty on
approach to colonic resection: Laparoscopy vs open surgery.
World J Gastroenterol 2016; 22(43): 9544-9553 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i43/9544.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i43.9544

INTRODUCTION
Laparoscopy has revolutionized abdominal surgery.
Although there were concerns regarding oncologic
safety in colorectal cancer (CRC), the COST, COLOR
and CLASSIC trials have demonstrated the efficacy and
safety of minimally invasive colectomy in patients with
[1-3]
CRC . A subsequent meta-analysis has also shown a
decrease in the overall morbidity with similar mortality

WJG|www.wjgnet.com

Patient selection

This study focused on patients who underwent
colorectal resection. We used current procedural
terminology codes to identify patients who underwent
open and laparoscopic colorectal resection from 2005
to 2012.
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Definition of frailty

Patient demographics (open vs laparoscopic surgery)

We used the Modified Frailty Index as described by
[16]
Farhat et al . This index was chosen because it is
based upon the validated frailty index the Canadian
Study of Health and Aging frailty index (CSHA-FI), and
was adapted for ACS-NSQIP. We included the following
factors to derive an 11- point score: functional status
and endocrine, respiratory, cardiovascular, and
neurological disease. The patients were divided into
four groups: non-frail (0), mildly frail (1), moderately
frail (2), and severely frail (≥ 3).

Patients undergoing open intervention were slightly
older (61.89 ± 15.31 years vs 60.55 ± 14.93 years,
p < 0.0001). White was the most common race in
both groups (76.9% in the open surgery group vs
79.38% in the laparoscopic group) while there were
more African Americans in the open intervention group
(10.46% vs 7.55%, p < 0.0001). Gender was similarly
distributed between cohorts (p = 0.62).
There were significant differences in the ASA score
between groups. In the open colectomy group, the
majority of patients had an ASA 3 (48.3%), followed
by ASA 2 (42.5%), ASA 4 (6.58%), ASA 1 (2.3%),
and ASA 5 (0.13%). Comparatively, in the laparoscopic
cohort, the majority of patients had an ASA 2 (57.7%),
followed by ASA 3 (35.4%), ASA 4 (2.4%), ASA 1
(4.31%), and ASA 5 (0.01%) (p < 0.0001). The
type of procedure was unevenly distributed between
cohorts, with abdominal-perineal resections performed
through an open approach in all patients and partial
colectomies were commonly laparoscopic (open:
61.65% vs 69.82%). In the open colectomy group, the
majority of patients were non-frail (42.5%), followed
by mild frailty (37.44%), moderately frail (13.6%),
and severely frail (6.48%). In the laparoscopic cohort,
a majority of patients were also non-frail (48.16%),
followed by mildly frail (37.69%), moderately frail
(10.76%), and severely frail (3.4%) (p < 0.0001).
Complications, prolonged LOS, and mortality were
more common in patients undergoing an open
intervention vs laparoscopic procedures (p < 0.0001)
(Table 1).

End point: In this study, 30-d mortality and
complications were used as the primary end point
and analyzed for the overall population. Complications
were grouped into major and minor, as previously
[17]
reported . Subset analysis was performed for
patients undergoing colectomy (total colectomy,
partial colectomy and sigmoid colectomy) and
separately for patients undergoing rectal resection
(abdominoperineal resection, low anterior resection,
and proctocolectomy).

Statistical analysis

Data of continuous variables was reported as median
and standard deviations and that of categorical data as
frequency and proportions. Univariate analysis included
Student’s t-test or Chi-square test, and Cox regression
was utilized in a multivariate analysis that evaluated
frailty groups independently. Multivariate analysis
included patient demographics, type of procedure, and
surgical approach. We analyzed the data using SAS
Platform JMP Pro version 10.0.0 (SAS Institute Inc.,
Cary, NC, United States).

Mortality and frailty score

To clearly define the impact of frailty on surgical
approach, univariate and multivariate analyses were
performed for each frailty level; non-frail (0), mildly
frail (1), moderately frail (2), and severely frail (> 3).
The mortality rates were higher in the open colectomy
cohort compared to the laparoscopic intervention. As
frailty increases, the percentage mortality differences
between open and laparoscopic interventions increased
as well (non-frail: 0.86% open vs 0.17% laparoscopic,
mildly frail: 2.26% vs 0.87%, moderately frail: 5.22%
vs 1.78%, severely frail: 10.92% vs 5.13%) (Table 2).
The univariate analysis of the non-frail group
revealed that age, male gender, type of intervention,
and open procedure were associated with increased
risk of mortality. The multivariate analysis revealed
that age, male gender (OR = 1.34, 95%CI: 1.03-1.75,
p = 0.028), type of resection, and open colectomy (OR
= 4.65, 95%CI: 3.16-6.82, p < 0.0001) remained
associated with an increased risk of death. Similarly,
for those with mild and severe frailty, age, male
gender, type of procedure, and open colectomy (mildly
frail OR = 2.35, 95%CI: 1.92–2.91, p < 0.0001)
were associated with a higher mortality. In the case
of moderately frail patients, factors like age, type

RESULTS
Dataset characteristics

A total of 94811 patients undergoing colorectal
resection met the inclusion criteria. A majority of these
patients underwent an open procedure (58.7%).
Most patients underwent partial colectomy (65.02%)
followed by lower anterior resection (22.46%). The
median age of the patients was 61.3 ± 15.17 years.
The population was predominantly white (76.9%)
with balanced gender distribution (52.13% females).
The majority of patients had an American Society of
Anesthesiologist (ASA) physical status classification
system 2 (48.8%), followed by ASA 3 (43%), ASA
4 (4.8%), ASA 1 (3.1%), and ASA 5 (0.08%). The
majority of patients were non-frail (44.8%), followed
by mildly frail (37.5%), moderately frail (12.41%),
and severely frail (5.20%). There were 23775
complications; of these, 57.9% were categorized as
major. The median length of stay (LOS) was 8.32 ±
9.28 d, and prolonged LOS (> one standard deviation)
occurred in 4.7% of the cases. The 30-d mortality was
2.28%.
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Table 1 Patient characteristics, tumor factors and postoperative outcomes by type of procedure for patients undergoing colorectal
resection, ACS-NSQIP 2005-2012
Characteristics, mean (± SD), (n )
Age 61.3 ± 15.17
Race
AA (8778)
White (73879)
Other (3808)
Unknown (8346)
Gender
Male (45383)
Female (49428)
ASA
Unknown (84)
1 (2962)
2 (46287)
3 (40773)
4 (4627)
5 (78)
Frailty index
0 (42507)
1 (35596)
2 (11774)
≥ 3 (4934)
Type of intervention
APR (524)
LAR (21300)
TPC (3760)
Total colectomy (3210)
Partial colectomy (61646)
Sigmoid colectomy (4371)
Complication
Yes (23755)
No (71056)
Complication by severity
Minor (9,996)
Mayor (13759)
No complication (71056)
LOS, 8.32 ± 9.28
Prolonged LOS
Yes (4472)
No (53755)
Mortality (30 d)
Yes (1766)
No (93045)
Total patients

Open colectomy n (%)

Lap colectomy n (%)

P value

61.89 ± 15.31

60.55 ± 14.93

< 0.0001

5823 (10.46)
42801 (76.90)
2043 (3.67)
4992 (8.97)

2955 (7.55)
31087 (79.38)
1765 (4.51)
3354 (8.57)

< 0.0001

26606 (47.08)
29053 (52.50)

18777 (47.96)
20375 (52.04)

60 (0.11)
1276 (2.30)
23687 (42.50)
26898 (48.30)
3664 (6.58)
74 (0.13)

24 (0.06)
1686 (4.31)
22600 (57.72)
13875 (35.44)
963 (2.46)
4 (0.01)

< 0.0001

23651 (42.49)
20838 (37.44)
7562 (13.59)
3608 (6.48)

18856 (48.16)
14759 (37.69)
4212 (10.76)
1326 (3.39)

< 0.0001

524 (100)
12056 (21.66)
2514 (4.52)
2556 (4.59)
34311 (61.65)
3698 (6.64)

0 (0)
9244 (23.61)
1246 (3.18)
654 (1.67)
27335 (69.82)
673 (1.72)

17241 (30.98)
38418 (69.02)

6514 (16.64)
32638 (83.36)

< 0.0001

6884 (12.37)
10357 (18.61)
38418 (69.02)
9.88 ± 10.37

3112 (7.95)
3402 (8.69)
32638 (83.36)
5.89 ± 6.40

< 0.0001

3768 (10.42)
32397 (89.58)

704 (3.19)
21358 (96.81)

< 0.0001

1463 (2.63)
54196 (97.37)
55659 (58.7)

303 (0.77)
38849 (99.23)
39152 (41.3)

< 0.0001

0.62

< 0.0001

< 0.0001

94811

Lap: Laparoscopic; ACS-NSQIP: American College of Surgeons National Surgical Quality Improvement Program; AA: African Americans; APR:
Abdominoperineal resection; LAR: Low anterior resection; TPC: Total abdominal proctocolectomy; LOS: Length of stay.

of procedure, and open surgical intervention were
associated with increased risk of death, on univariate
analysis. On multivariate analysis, both factors
remained statistically significant (Table 2).

The univariate analysis of mildly frail patients
showed that age, race, type of procedure and sur
gical approach were associated with higher risk of
complications, (p < 0.0001). On multivariate analysis,
age, type of surgical intervention, and open procedure
(OR = 2.05, 95%CI: 1.94-2.16, p < 0.0001) were the
only factors that remained associated with increased
risk of complications. For moderately frail patients,
factors like age, race, gender, type of procedure, and
surgical approach were associated with increased
complications on univariate analysis (p < 0.05). On
multivariate analysis, factors like age, female gender,
African Americans compared to whites (OR = 1.19,
95%CI: 1.04-1.35, p = 0.006), type of surgical
intervention, and open procedure (OR = 1.89, 95%CI:

Complications and frailty score

As above, univariate and multivariate analyses were
performed for each frailty level. Univariate analysis
showed that non-frail patients were more likely to have
complications if they were older, African American,
male, or underwent an open surgery (p < 0.0001).
Multivariate analysis showed that age, male gender,
type of procedure, and open colectomy (OR = 2.07,
95%CI: 1.97-2.18, p < 0.00001) remained significant
(Table 3).
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Table 2 Univariate and multivariate mortality analysis by frailty group patients undergoing colon resection, ACS-NSQIP 2005-2012
Characteristic
Non frail (n = 42507)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic mildly frail (n = 35596)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic moderately frail (n = 11744)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic: Severely frail (n = 4934)
Age
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Mortality n (%)

P value

OR (95%CI), P value

Yes: 65.22 ± 15.23
No: 53.84 ± 15.09

< 0.0001

0.94 (0.95-1.05), < 0.0001

20 (0.71)
186 (0.55)
10 (0.54)
20 (0.47)

0.60

-

122 (0.60)
114 (0.51)

0.20

1.34 (1.03-1.75), 0.028
Ref

< 0.0001
1 (0.40)
31 (0.31)
8 (0.32)
15 (0.89)
162 (0.62)
19 (1.16)

0.45 (0.02-2.04), 0.36
0.53 (0.35-0.77), 0.0008
0.81 (0.36-1.57), 0.56
1.82 (1.02-3.04), 0.04
Ref
1.18 (0.66-1.96), 0.54

204 (0.86)
32 (0.17)

< 0.0001

4.65 (3.16-6.82), < 0.0001
Ref

Yes: 72.84 ± 12.25
No: 65.75 ± 12.36

< 0.0001

0.94 (0.95-1.05), < 0.0001

0.59
68 (1.64)
453 (1.67)
20 (1.38)
57 (1.92)
0.006
302 (1.89)
296 (1.51)

1.58 (1.33-1.88), < 0.0001
Ref
< 0.0001

5 (2.55)
85 (1.05)
14 (1.54)
31 (3.27)
405 (1.70)
58 (3.48)

1.14 (0.34-2.73), 0.79
0.68 (0.53-1.87), 0.0018
1.07 (0.58-1.81), 0.79
1.94 (1.28-2.84), 0.00025
Ref
1.77 (1.30-2.36), 0.0003

470 (2.26)
128 (0.87)

< 0.0001

2.35 (1.92-2.91), < 0.0001
Ref

Yes: 74.7 ± 10.95
No: 70.28 ± 11.2

< 0.0001

0.96 (0.11-17.47), < 0.0001

49 (3.86)
368 (3.96)
13 (3.53)
40 (4.76)

0.65

-

0.34
265 (4.15)
205 (3.81)

< 0.0001

29 (3.77)
54 (2.39)
13 (5.94)
28 (7.78)
317 (3.86)
56 (8.41)

0.89 (0.14-2.92), 0.87
0.68 (0.49-0.91), 0.018
1.70 (0.88-2.98), 0.10
2.29 (1.48-3.40), 0.0003
Ref
2.08 (1.50-2.83), < 0.001

395 (5.22)
75 (1.78)

< 0.0001

2.70 (2.08-3.54), < 0.0001
Ref

Yes: 75.92 ± 9.51
No: 71.94 ± 10.02

< 0.0001

0.96 (0.15-13.07), < 0.0001
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Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap

50 (8.80)
381 (9.61)
7 (5.79)
24 (8.54)

0.42

-

281 (10.16)
181 (8.35)

0.03

1.42 (1.16-1.75), 0.0006
Ref

< 0.0001
2 (8.33)
46 (5.67)
10 (10.10)
35 (16.67)
299 (8.82)
70 (17.59)

0.75 (0.12-2.62), 0.69
0.63 (0.45-0.88), 0.0058
1.15 (0.55-2.15), 0.68
2.07 (1.38-3.03), 0.0006
Ref
1.94 (1.41-2.62), < 0.0004

394 (10.92)
68 (5.13)

< 0.0001

2.13 (1.62-2.84), < 0.0001
Ref

Lap: Laparoscopic; ACS-NSQIP: American College of surgeons National surgical Quality improvement program; AA: African Americans; APR:
Abdominoperineal resection; LAR: Low anterior resection; TPC: Total abdominal proctocolectomy; LOS: Length of stay.

1.73-2.07, p < 0.0001) conferred a significant risk
of complications. Lastly, univariate analysis of the
severely frail revealed that age, race, type of colon
resection and open procedure had a higher risk of
complications (p < 0.05). On multivariate analysis,
age, type of surgical intervention, and open colectomy
(OR = 1.83, 95%CI: 1.60-2.09, p < 0.0001) remained
significant (Table 3).

outcomes has been previously evaluated. In the last
couple of years, investigators have noted an increased
risk of postoperative morbidity, prolonged length of
stay, and mortality in frail patients undergoing surgical
[18,19]
interventions
. Recent advances in understanding
the complex concept of frailty may improve our
capacity to evaluate better, risk stratify, and provide
appropriated perioperative management for patients at
[20]
risk . Many questions regarding the impact of frailty
in the surgical patients remain unanswered.
The impact of frailty on minimally invasive surgery
has been evaluated in small retrospective case series.
In patients undergoing laparoscopic cholecystectomy,
[21]
Lasithiotakis et al
reported frail patients to have
a higher incidence of complications and longer LOS
when compared to the non-frail patients. Similarly,
[22]
Revenig et al
evaluated 80 patients undergoing
minimally invasive urologic, general surgery, and
surgical oncology procedures and demonstrated an
increased risk of postoperative complications in the frail
population. However, to the best of our knowledge,
the impact of frailty on minimally invasive colorectal
resections compared to open surgery has not been
reported.
In this series, we presented significantly increased
mortality for open vs laparoscopic colectomy with
increases in absolute mortality with frailty. As frailty
increases, mortality also increases for all patients
(Figure 1). Contrary to prior reports that laparoscopic
surgery may be more dangerous in the medically
unfit patients, our data suggest all patients derived
[12,23]
significant benefits from this approach
.
Similar results have been presented for the elderly
and high-risk patients. In a meta-analysis evaluating
the impact of age on colonic resection lower mortality
and morbidity in geriatric patients for laparoscopic vs
open surgery was noted. The authors recommended
not to “overstate the choice of open intervention if
[24]
minimally invasive expertise are available” . Feroci

Colon vs rectal resection

Mortality and complication analyses were performed
separately for rectal (low anterior resection, abdominalperineal resection, and proctocolectomy) and colon
procedures (total, partial and sigmoid colectomy). The
results were similar to those for the overall population
with an increase of mortality and complication rates
as frailty increases. In both analyses, mortality and
complications were found to be significantly higher
in open interventions compared to the laparoscopic
approach.

DISCUSSION
Laparoscopic colon resection is superior to open
intervention for patients with both benign and
maligning conditions. However, there are some
concerns regarding safety in patients with significant
medical comorbidities due to longer operative times,
physiologic changes secondary to pneumoperitoneum,
[11,12]
and required operative positioning
. To better
understand the application of laparoscopic colorectal
resection in the frail patients; we analyzed a large
national database and found a significant increase in
morbidity and mortality for open colectomy compared
to laparoscopic colectomy. These findings were
persistent regardless of the frailty status. As frailty
increases, morbidity and mortality increase profoundly;
however, the odds ratios were highest in the non-frail.
The association between frailty and postoperative
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Table 3 Univariate and multivariate complication analysis by frailty group patients undergoing colorectal resection, ACS-NSQIP
2005-2012
Characteristic
Non frail (n = 42507)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic, mildly frail (n = 35596)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic moderately frail (n = 11774)
Age
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap
Characteristic severely frail (n = 4934)
Age
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Complication n (%)

P value

OR (95%CI), P value

Yes: 53.74 ± 15.81
No: 53.94 ± 14.93

< 0.0001

0.94 (0.95-1.05), < 0.001

719 (25.63)
6736 (20.07)
362 (19.37)
906 (21.24)

< 0.0001

1.29 (1.18-1.41), < 0.0001
Ref
0.98 (0.87-1.10), 0.77
1.06 (0.98-1.15), 0.11

4191 (20.73)
4532 (20.33)

0.30
< 0.0001
0.87 (0.64-1.18), 0.37
0.97 (0.91-1.03), 0.34
1.71 (1.55-1.87), < 0.0001
1.77 (1.59-1.98), < 0.0001
Ref
1.88 (1.69-2.10), < 0.0001

55 (21.91)
1858 (18.32)
733 (28.95)
536 (31.66)
18.58 (18.32)
573 (34.90)
6143 (25.97)
2580 (13.68)

< 0.0001

2.07 (1.97-2.18), < 0.0001
Ref

Yes: 65.81 ± 13.06
No: 65.00 ± 12.17

< 0.0001

0.94 (0.94-0.95), < 0.0001

1154 (27.90)
6637 (24.54)
291 (20.07)
734 (25.78)

< 0.0001

1.15 (1.07-1.24), 0.0002
Ref
0.81 (0.70-0.93), 0.0026
1.06 (0.97-1.16), 0.18

0.34
4017 (25.09)
4829 (24.66)

< 0.0001

61 (31.12)
1918 (23.72)
341 (37.47)
370 (39.07)
5500 (23.12)
656 (39.40)

1.09 (0.80-1.48), 0.55
1.01 (0.95-1.08), 0.58
1.78 (1.54-2.05), < 0.0001
1.75 (1.53-2.01), < 0.0001
Ref
1.78 (1.60-1.98), < 0.0001

6360 (30.52)
2486 (16.85)

< 0.0001

2.05 (1.94-2.16), < 0.00001
Ref

Yes: 70.480 ± 11.81
No: 70.42 ± 10.82

< 0.0001

0.99 (0.99-1.00), < 0.0001

472 (37.19)
2996 (32.21)
118 (32.07)
299 (35.81)

0.0013

1.20 (1.06-1.37), 0.003
Ref
1.01 (0.80-1.26), 0.93
1.12 (0.96-1.31), 0.13

2029 (31.75)
1856 (34.48)

0.0017

0.92 (00.85-1.00), 0.06
Ref

< 0.0001
19 (35.85)
726 (32.12)
110 (50.23)
182 (50.56)
2522 (30.70)
326 (48.95)

0.97 (0.52-1.70), 0.92
1.05 (0.95-1.17), 0.28
2.10 (1.49-2.63), < 0.0001
2.05 (1.65-2.55), < 0.0001
Ref
1.96 (1.66-2.31), < 0.0001

2896 (38.38)
989 (23.48)

< 0.0001

1.89 (1.73-2.07), < 0.0001
Ref

Yes: 71.89 ± 10.50
No: 72.54 ± 9.57

0.02

0.96 (0.040-0.17), < 0.0001

9550

November 21, 2016|Volume 22|Issue 43|

Mosquera C et al . Frailty and colectomy
Race
AA
White
Other
Unknown
Gender
Male
Female
Type of intervention
APR
LAR
TPC
Total colectomy
Partial colectomy
Sigmoid colectomy
Procedure
Open
Lap

295 (51.94)
1822 (45.96)
51 (42.15)
133 (45.96)

0.042

1.18 (0.98-1.42), 0.06
Ref
0.90 (0.682-1.33), 0.61
1.02 (0.79-1.32), 0.84

1308 (42.27)
993 (45.82)

0.31

-

< 0.0001
12 (50)
350 (43.10)
53 (53.54)
134 (63.81)
1499 (44.21)
253 (63.57)

1.05 (0.46-2.38), 0.89
0.98 (0.84-1.15), 0.85
1.27 (0.85-1.91), 0.23
1.96 (1.46-2.64), < 0.0001
Ref
1.94 (1.56-2.44), < 0.0001

1842 (51.05)
459 (3462)

< 0.0001

1.83 (1.60-2.09), < 0.0001
Ref

Lap: Laparoscopic; ACS-NSQIP: American College of Surgeons National Surgical Quality Improvement Program; AA: African Americans; APR:
Abdominoperineal resection; LAR: Low anterior resection; TPC: Total abdominal proctocolectomy; LOS: Length of stay.
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Figure 1 Mortality of colorectal resection by procedure and frailty score,
patients undergoing colon resection, ACS-NSQIP 2005-2012.

Figure 2 Morbidity of colorectal resection by procedure and frailty for
patients undergoing colon resection ACS-NSQIP 2005-2012.

in 2013 evaluated the impact of laparoscopic colonic
surgery in low-risk and high-risk patients. High-risk
was defined by the age, ASA score, and the presence
of comorbidities. They reported a lower mortality
in high-risk patients undergoing minimally invasive
[25]
intervention compared to open approach .
Surgical approach has a significant impact on
mortality following colon resection. In this series,
patients undergoing open colectomy were more likely
to die compared to patients undergoing laparoscopic
intervention (2.63% vs 0.77%, p < 0.0001). Similar
but not statistically significant results were presented
at the completion of the COLOR and COST trials. In
these randomized studies, patients undergoing open
intervention had a higher risk of death (1 and 2% vs
< 1 and 1%) when compared to those approached
laparoscopically. Although mortality was doubled
in both cases, the results failed to reach statistical
significance. This may be due to a small number
[1,2]
of patients and lack of statistical power
. More
importantly, when comparing this study to the COST
and COLOR trials, the ACS-NSQUIP patient population
is less healthy with majority ASA 2-3 compared to ASA

1-2 in the randomized trial.
Patients undergoing laparoscopic colon resection
have significantly fewer complications compared
to those undergoing open intervention (16.6% vs
30.98%, p < 0.0001). As reported for mortality,
increased morbidity with an open operation is present
throughout frailty scores; however, differences in
outcomes between laparoscopic and open surgical
approach are magnified by increased frailty (Figure
2). Studies evaluating complications of open vs
laparoscopic colon surgery have been reported in other
complex population like the elderly. In this setting, the
results are comparable to the ones obtained in our
[26]
series. Li et al , in a systematic review and metaanalysis of patients older than 80 years undergoing
colonic resection, demonstrated the benefits of
laparoscopic surgery such as decreased LOS and
[27]
morbidity. Similarly, Seishima et al reported lowered
risk of morbidity and mortality in the geriatric patient
undergoing laparoscopic colorectal surgery. Based on
these data, the author recommended an “Aggressive
application of laparoscopic surgery in the elderly
population”. This was also suggested by a randomized
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study comparing laparoscopic to open colonic surgery
that included both young and elderly patients. The
authors reported laparoscopy to improve postoperative
outcomes more in the elderly than in the young
patients, and advanced age was found to be associated
with higher complications only in those patients who
[28]
underwent open procedure .
While interpreting these data, clinicians must be
mindful of the study limitations. First, ACS-NSQIP
is a voluntary program, and the results may not be
generalized to all hospitals. Second, the frailty score
used in this study is a truncated retrospectively applied
instrument that is similar to but not identical to the
CSHA-FI. As a result, outcomes in this study may
be dissimilar from those obtained from a validated
prospectively applied measure of frailty. Lastly
and more importantly, patient selection may play
a significant role in outcome differences, as more
complex patients (i.e., patients with a history of
multiple abdominal surgeries) may be more likely to
undergo open intervention this may skew our results
for laparoscopic surgery.
In conclusion, laparoscopic surgery is superior to
open surgery for patients undergoing colon resection
regarding morbidity and mortality. The differences
between both approaches are magnified by the
increase in frailty. These data taken in context with the
current surgical literature suggest that a laparoscopic
approach to colorectal resection is preferred for all
patients including the frail.
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Abstract
AIM
To evaluate the efficacy of self-expanding metal stents
(SEMS) for the palliation of malignant gastric outlet
obstruction in patients with and without peritoneal
carcinomatosis (PC).
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METHODS
We performed a retrospective analysis of 62 patients
who underwent SEMS placement for treatment of
malignant gastroduodenal obstruction at our hos
pital over a six-year period. Stents were deployed
through the scope under combined fluoroscopic and
endoscopic guidance. Technical success was defined
as successful stent placement and expansion. Clinical
success was defined as an improvement in the
obstructive symptoms and discharge from hospital
without additional parenteral nutrition. According to
carcinomatosis status, patients were assigned into
groups with or without evidence of peritoneal disease.
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RESULTS
In most cases, obstruction was caused by pancreatic
(47%) or gastric cancer (23%). Technical success
was achieved in 96.8% (60/62), clinical success in
79% (49/62) of all patients. Signs of carcinomatosis
were identified in 27 patients (43.5%). The diagnosis
was confirmed by pathology or previous operation
in 7 patients (11.2%) and suspected by CT, MRI
or ultrasound in 20 patients (32.2%). Presence of
carcinomatosis was associated with a significantly
lower clinical success rate compared to patients with
no evidence of peritoneal disease (66.7% vs 88.6%,
p = 0.036). There was no significant difference in
overall survival between patients with or without PC
(median 48 d vs 70 d, p = 0.21), but patients showed
significantly longer survival after clinical success of
SEMS placement compared to those experiencing
clinical failure (median 14.5 d vs 75 d, p = 0.0003).
CONCLUSION
Given the limited
success rate of at
are a reasonable
malignant gastric
carcinomatosis.

complication of advanced gastric and pancreaticobiliary
[1,2]
cancer . Typically presenting with abdominal pain,
serious nausea and vomiting, patients are often
[3,4]
in a poor clinical condition . In the past, surgical
gastrojejunostomy has been the standard therapy
[5]
in these patients . Although associated with good
functional outcome and relief of symptoms, this
[6-9]
treatment modality carries significant morbidity .
Over the last decade endoscopic placement of
self-expanding metal stents (SEMS) has increasingly
[4,5]
been used to treat malignant GOO . Compared to
gastrojejunostomy, SEMS placement leads to a more
rapid relief of obstructive symptoms and is associated
[6,7,10,11]
with a shorter hospital stay and lower costs
.
Peritoneal carcinomatosis (PC) has been generally
considered a relative contraindication to SEMS
placement, given the risk of multifocal obstruction
[12-16]
and reduced gastrointestinal motility
. Mendelsohn
[13]
et al
were the first to evaluate the impact of PC
on the technical and clinical success of SEMS in the
palliation of malignant GOO. They found clinical
outcomes comparable to patients without peritoneal
[13]
disease . On the contrary, two Korean studies from
the same group showed that carcinomatosis with
ascites was a predictor of poor clinical success of
SEMS placement in patients with gastric cancer and
[17,18]
GOO
. Similar results were found for the impact of
[19]
ascites on solid food intake after SEMS placement .
In another Korean study, only the ECOG scale, but not
the presence of carcinomatosis was an independent
predictor of clinical success regarding SEMS place
[16]
ment . Further Korean data showed both ECOG scale
and presence of PC to be related with clinical failure of
[20]
palliative SEMS placement .
At present, there have been few reports to evaluate
the effect of PC on success of SEMS for malignant
GOO and the existing data is contradictory. The aim of
this study was to investigate the efficacy of SEMS in
patients with PC and malignant GOO.

therapeutic options and a clinical
least 66.7%, we believe that SEMS
treatment option in patients with
outlet obstruction with peritoneal

Key words: gastric outlet obstruction; self-expanding
metal stents; peritoneal carcinomatosis; palliation;
endoscopy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
efficacy of self-expanding metal stents (SEMS) for the
palliation of gastric outlet obstruction in patients with
peritoneal carcinomatosis (PC). Between January 2008
and April 2014 we treated 62 patients with duodenal
stents for palliation of malignant gastroduodenal
obstruction. In most cases, obstruction was caused by
pancreatic (47%) or gastric cancer (23%). Technical
success was achieved in 96.8% and clinical success
in 79% of all patients. Carcinomatosis was associated
with a significantly lower clinical success rate (66.7%
vs 88.6%, p = 0.036). Given the limited therapeutic
options and a clinical success rate of at least 66.7% we
believe that SEMS are a reasonable treatment option in
patients with PC.

MATERIALS AND METHODS
Patients

We performed a retrospective analysis of patients
who underwent stent insertion for treatment of
malignant gastroduodenal obstruction at our institution
between January 2008 and April 2014. The clinical
records of all patients with malignant GOO who
underwent palliative stent placement (institutional
standard procedure: WallFlex Duodenal Stent, Boston
Scientific) were evaluated and the following data was
collected: demographics, type of malignancy, site
of obstruction, technical outcome, clinical outcome,
evidence of carcinomatosis or ascites, reinterventions,
complications and overall survival.
All patients had pathologically proven malignancies
and presented with symptomatic obstruction. The
diagnosis of outlet obstruction was based on endoscopic
and radiologic findings. Presence of PC and ascites was

Rademacher C, Bechtler M, Schneider S, Hartmann B, Striegel
J, Jakobs R. Self-expanding metal stents for the palliation of
malignant gastric outlet obstruction in patients with peritoneal
carcinomatosis. World J Gastroenterol 2016; 22(43): 9554-9561
Available from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i43/9554.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i43.9554

INTRODUCTION
Gastric outlet obstruction (GOO) is a frequent
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assessed by reviewing ultrasound, radiology, pathology
and surgical reports. According to carcinomatosis status,
patients were assigned into groups.
Written informed consent was obtained from
every patient before the procedure. The institutional
review board (Ethik-Kommission, Landesärztekammer
Rheinland-Pfalz, Germany) deemed it exempt from
review.

variables were compared by two-tailed Wilcoxon rank
sum test. Survival curves were compared by using the
log-rank test.
P-values < 0.05 were considered significant. All
P-values are results of two-tailed tests. The tests were
performed using the SAS statistical package, version
9.3 (Cary, NC, United States) or SPSS, version 24.0
(Chicago, IL, United States). The statistical review of
the study was performed by a biomedical statistician.

Definitions

Technical success was defined as successful stent
deployment and expansion. Clinical success was
defined as an improvement in obstructive symptoms
and discharge from the hospital without needing
additional parenteral nutrition.
Confirmed PC was defined as cytologically or
histologically proven involvement of the peritoneum.
The definition of suspected PC was based on typical
findings on a CT scan, MRI scan or ultrasound exami
nation. In case of ascites detection without further signs
of PC, we assumed peritoneal involvement if no other
explaining disease could be identified (i.e., hepatic
cirrhosis, portal vein thrombosis, heart failure).
[13]
In accordance to Mendelsohn et al , early stent
failure was defined as the need for reintervention
because of recurrent obstructive symptoms within 30
d; late stent failure was defined as reintervention more
than 30 d after stent deployment.
Major complications were defined as life-threatening
or serious events, such as hemorrhage, jaundice, stent
migration or perforation, usually requiring additional
treatment and hospitalization. Minor complications
were defined as not life-threatening or moderately
severe events, such as wound infection, mild fever or
[10]
pain .

RESULTS
A total of 62 consecutive patients underwent SEMS
placement for palliation of malignant GOO. Patient
characteristics are listed in table 1. The median patient
age was 70.5 years (63-81 years); 44% of patients
were female and 56% of patients were male. The
most common cause of GOO was pancreatic cancer
(n = 29, 47%) followed by gastric (n = 14, 23%) and
biliary cancer (n = 9, 15%). Site of obstruction was
predominantly the duodenal region (n = 44, 71%).
Signs of PC were identified in 27 patients (43.5%).
Peritoneal disease was suspected in 20 patients
(32.2%) and cytologically or histologically proven in
7 patients (11.2%). Evidence of ascites was found in
23 of 27 patients (85%) with PC at the time of SEMS
placement (table 2).
Patients in the carcinomatosis group tended to be
younger compared to those without PC (p = 0.022)
(table 1). Gastric cancer and gastric obstruction site
was more common in patients with carcinomatosis,
whereas patients without PC experienced predominantly
duodenal strictures (table 1).
Technical success was achieved in 96.8% of all
patients (60/62). In patients without carcinomatosis,
the technical success rate was 100 % (35/35), while
technical success rate in patients with PC was 92.6%
(25/27, p = 0.186) (table 3). Technical failure was
due to insufficient stent expansion in one case and to
stricture-length in another. Figure 1 shows a flowchart
of clinical courses.
Clinical success was achieved in 49 of the 62 cases
(79%). Among the 35 patients without carcinomatosis,
clinical success was achieved in 31 (88.6%). In the
group of patients with PC clinical success rate was
significantly lower with only 66.7% of the patients
treated successfully (31/35 vs 18/27, p = 0.036) (table
3). Further analysis of subgroups showed a clinical
success rate of 65.2% in patients with PC and ascites.
The difference compared to patients without PC was
statistically significant as well (31/35 vs 15/23, p =
0.047) (table 2).
Of the 62 patients, 60 (97%) died during follow-up.
Median overall survival was 48 d (26-79 d) in the PC
group versus 70 d (19.5-213.5 d) for patients without
PC (p = 0.21) (figure 2A). Whereas the median
survival time did not differ significantly according
to carcinomatosis status, clinical failure of SEMS

Procedure

SEMS were deployed under combined fluoroscopic and
endoscopic guidance with the patients under conscious
sedation with intravenous propofol and midazolam.
Stent placement was performed with a gastroscope
or colonoscope (GIF-1T160, GIF-2TH180, CF-H180Ai,
Olympus Europe, Hamburg, Germany) using the
through-the-scope method (TTS). All patients were
treated by uncovered nitinol stents (WallFlex Duodenal
Stents, Boston Scientific, Natick, MA, United States).
The length of the stenosis was assessed by advancing
the endoscope through the stricture site, if possible,
or measured fluoroscopically. After placing a guidewire
through the stricture, the SEMS delivery system was
advanced over the wire. Stent position was confirmed
fluoroscopically and endoscopically.

Statistical analysis

Absolute numbers and percentages as well as median
(with interquartile range) are computed to describe the
patient population. Categorical values were compared
by Fisher’s exact test or chi-square test and continuous
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Table 1 Baseline characteristics
Total
No. of patients
Gender
Female
Median age (yr)
Etiology
Pancreatic cancer
Gastric cancer
GB or BD cancer
Ampulla of Vater cancer
Other
Site of obstruction
Duodenum
Pylorus
Rest of stomach
Anastomosis
Other

Without PC

P value

With PC

n

%

n

%

n

%

62

100%

35

56%

27

44%

54%

8/27

27/62
44%
70.5 (63-81)

19/35

29/62
14/62
9/62
3/62
7/62

47%
23%
15%
5%
11%

20/35
4/35
4/35
3/35
4/35

57%
11%
11%
9%
11%

44/62
7/62
4/62
5/62
2/62

71%
11%
6%
8%
3%

30/35
3/35
0/35
1/35
1/35

86%
9%
0%
3%
3%

30%

0.072
0.0221

9/27
10/27
5/27
0/27
3/27

33%
37%
19%
0%
11%

0.077
0.0301
0.485
0.250
1.000

14/27
4/27
4/27
4/27
1/27

52%
15%
15%
15%
4%

0.0051
0.689
0.0311
0.158
1.000

76 (64-86)

68 (60-74)

1

Statistically significant. Displayed are percentages and numbers or median and quartiles; P-values: Fisher's exact test or Mann-Whitney-Wilcoxon test. GB:
Gall bladder; BD: Bile duct.

required more than one reintervention. 63% of all
patients were palliated successfully without need for
further endoscopic intervention (figure 1).
Major complications occurred in three patients
(4.8%) and were not more frequent in the PC group
(p = 1.0) (table 3). Complications encountered were
gastrointestinal bleeding in two patients and severe
pain related to hematoma of the stomach wall in
one patient. Both cases of hemorrhage were due to
diffuse bleeding from the tumor. There was no case of
perforation.
Four patients (6.4%) developed minor complications
with again no significant difference between the groups
(table 3). Minor complications included intermittent
pain (n = 2) treated with analgesics and moderate
fever (n = 2). The symptoms were self-limiting in all
cases and improved with supportive management.

Table 2 Peritoneal carcinomatosis diagnosis and evidence of
ascites

No. of patients
Suspected
Ultrasound
CT-scan
Proven
Cytology
Histology
Ascites
Clinical success

n

%

P value

27/62
20/62
11/62
9/62
7/62
1/62
6/62
23/62
15/23

43.5%
32.2%
17.7%
14.5%
11.2%
1.6%
9.7%
37.1%
65.2%

0.0471

1

Statistically significant compared to patients without PC. Displayed are
percentages and numbers; P-values: Fisher's exact test. CT: Computed
tomography; PC: Peritoneal carcinomatosis.

placement was associated with shorter survival (figure
2B). Effectively palliated patients showed a median
survival of 75 d compared to only 14.5 d in the group
experiencing clinical failure (p = 0.0003).
Ten of 49 (20.4%) patients treated successfully
with respect to clinical outcome required further
endoscopic intervention (table 3). Two of these
patients experienced early stent failure at respectively
14 and 17 d, while the other eight patients experienced
late stent failure at a median of 130.5 d. Eight of ten
patients could be palliated successfully by another
endoscopic intervention. Six patients were managed
by insertion of another SEMS, two by Argon Plasma
Coagulation and two by mechanical stent recanalization
(data not shown). There were statistically significant
more patients experiencing late reintervention after
clinical success in the group without PC (8/31 vs 0/18,
p = 0.02), whereas no difference could be found with
regard to patients experiencing early reintervention
(1/31 vs 1/18, p = 1.0) (table 3). Three patients
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DISCUSSION
The present study compared the efficacy of SEMS
in patients with malignant GOO and PC to patients
without peritoneal disease. Carcinomatosis had
been considered a relative contraindication to SEMS
placement given the theoretical risk of multifocal
[14-16]
obstruction and decreased bowel movement
.
[13]
Mendelsohn et al
were the first to evaluate the
impact of PC on the technical and clinical success
of SEMSs for malignant GOO. They found clinical
outcomes comparable to patients without peritoneal
disease (81% vs 84%). In our study, patients with
PC showed a significantly lower clinical success rate
compared to those without carcinomatosis (66.7%
vs 88.6%, p = 0.036). This is consistent with Korean
data, which showed PC to be associated with poor
clinical success of SEMS placement in patients with
[16-18]
malignant GOO
. The most common malignancy
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Table 3 Outcome of self-expanding metal stents placement according to the presence of carcinomatosis
Total

n
No. of patients
Technical success
Clinical success
Reinterventions (RI)
Early RI (≤ 30 d)
Late RI (> 30 d)
Median time to early RI (d)
Median time to late RI (d)
RI after clinical success
Early RI (≤ 30 d)
Late RI (> 30 d)
RI after clinical failure
Early RI (≤ 30 d)
Late RI (> 30 d)
Complications
Major
Minor
Median survival (d)

Without PC

62
60/62
49/62
15/62
7/62
8/62
6 (3.5-12.5)
130.5 (90.75-220)
10/49
2/49
8/49
5/13
0/13
0/13
3/62
4/62
57 (19.75-145.25)

96.8%
79.0%
24.2%
11.3%
12.9%

20.4%
4.1%
16.3%
38.5%
38.5%
0.0%
4.8%
6.5%

n

%

35
35/35
31/35
11/35
3/35
8/35
11 (8.5-15.5)
130.5 (90.75-220)
9/31
1/31
8/31
2/4
2/4
0/4

P value

With PC

n

%

100.0%
88.6%
31.4%
8.6%
22.9%

29.0%
3.2%
25.8%
50.0%
50.0%
0.0%

2/35
1/35
70 (19.5-213.5)

%

27
25/27
18/27
4/27
4/27
0/27
3.5 (3.0-6.5)
Ø
1/18
1/18
0/18
3/9
3/9
0/9

5.7%
2.9%

1/27
3/27
48 (26-79)

92.6%
66.7%
14.8%
14.8%
0.0%

0.186
0.0361,2
0.1302
0.689
0.0081

5.6%
5.6%
0.0%
33.3%
33.3%
0.0%

0.070
1.000
0.0201
1.000
1.000

3.7%
11.1%

1.000
0.309

1

Statistically significant; P-values: Fisher's exact test or 2χ 2 test; Displayed are percentages and numbers or median and quartiles.

62
SEMS for GOO

27 (44%)
With PC

35 (56%)
Without PC

35 (100%)
Technical
success

31 (89%)
Clinical
success

22 (63%)
No
reintervention

9 (26%)
Reintervention

0 (0%)
No technical
success

25 (93%)
Technical
success

4 No further
intervention

7 (26%)
No clinical
success

18 (67%)
Clinical
success

4 (11%)
No clinical
success

17 (63%)
No
reintervention

2 (7%)
No technical
success

1 (4%)
Reintervention

1 Lesion to long
1 Stricture
rigidity

1 No further
interventiion
6 Parenteral
nutrition

1 Early stent
failure
0 Late stent
failure

1 Early stent
failure
8 Late stent
failure

Figure 1 Flow-chart of enrolled patients. SEMS: Self-expanding metal stents; GOO: Gastric outlet obstruction; PC: Peritoneal carcinomatosis.
[13]

believe, that discrepancy to Mendelsohn et al is due
to differences in patient populations. First, patients
in our study had a median age of 70.5 years (63-81
years) compared to a mean age of 64 years in the
Mendelsohn study. Second, in the present study, 85%
(23/27) of patients with evidence of PC had ascites
at the time of stent placement. Mendelsohn describes
that 82% of their patients with PC had no or small
ascites. This suggests that patients in our study might

in these trials was gastric cancer, whereas in western
populations the most common underlying disease
[16-18]
is pancreatic malignancy
. Thus, discrepancy in
success of SEMS placement between Mendelsohn et
al and Korean studies was explained by differences in
[16,21]
tumor etiology
.
To our knowledge, this is the first time that an
impact of carcinomatosis on clinical success of SEMSs
for GOO was shown in a western population. We
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A

B

No PC
PC

1.0
0.9
0.8

0.9
0.8

P = 0.21

P = 0.0003

0.7
Survival rate

Survival rate

0.7
0.6
0.5
0.4

0.6
0.5
0.4

0.3

0.3

0.2

0.2

0.1

0.1

0.0

No clinical success
Clinical success

1.0

0

30

60
90
120
Days since first intervention (d)

150

180

0.0

0

30

60
90
120
150
Days since first intervention (d)

180

Figure 2 Kaplan-Meier curves of patient survival. A: The median survival was shorter in patients with PC compared to those without evidence of peritoneal
disease (48 d vs 70 d). This difference was statistically not significant (P = 0.21); B: Patients showed significantly longer survival after clinical success of SEMS
placement compared to those experiencing clinical failure (14.5 d vs 75 d; P = 0.0003). P-values: Log-rank test. SEMS: Self-expanding metal stents; PC: Peritoneal
carcinomatosis.
[17,18]

have had a more advanced peritoneal involvement.
Lastly, distribution to groups with or without PC might
have been different. Mendelsohn et al identified signs
of carcinomatosis in 60% of the patients. Diagnosis
based on CT scan in 78% and on previous pathology
in 22% of the cases. In the present study, signs of
PC were identified in only 43.5% of the patients and
diagnosis relied on ultrasound in 40.7%, on CT scan
in 33.3% and on pathology in 25.9% of the patients.
Ultrasound is excellent in detecting PC with ascites
[22,23]
but weaker when ascites is lacking
. As advanced
PC is usually accompanied by ascites and low-volume
disease would not have changed our decision to
perform stent placement, unsuspicious ultrasound
is not generally followed by computed tomography.
Routine conduction of CT-scan might result in
identification of more patients with early PC without
ascites. This could be the reason why Mendelsohn
[13]
et al
identified more patients with PC, despite
congruency in baseline characteristics regarding tumor
etiology and obstruction sites.
Patient selection might be another reason for
differences between both studies. Typically presenting
with abdominal pain, severe nausea and vomiting,
[3,4]
patients are often in a poor clinical condition
.
Only limited therapeutic options are available and
alternatives such as a venting PEG tube or the
permanent placement of a nasogastric tube might
[19]
impair the quality of life . Therefore, we believe
that an endoscopic attempt is sometimes justified
even if findings seem “borderline suitable” for SEMS
placement.
In the present study, technical success rate was
high at 96.8%, which is in accordance with recent
literature. Clinical success rate was 79% for all patients
and 88.6% for those without PC, which is consistent
[2,10,17,18,24]
with the current literature
. As described
above, clinical success in patients with carcinomatosis
[13]
was lower than reported by Mendelsohn et al
but
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in accordance to recent Korean studies
. Major
complications were rare, at a rate of 5%, and did
not differ significantly between both patient groups,
indicating that SEMS are a safe treatment option for
patients with GOO and PC (table 3).
There were 63% of the patients in both groups
that were effectively palliated by SEMS placement
and did not need endoscopic reintervention for GOO
until death (figure 1). One of five successful treated
patients needed endoscopic reintervention for GOO
and 80% of these reinterventions were clinically
[6]
successful. Jeurnink et al recommended GJJ as
the primary treatment option in patients with an
expected survival of two months or longer and stent
placement for patients, who are expected to live
less than two months. As median survival was short
(57 d), reinterventions occurred late (median late
reintervention 130.5 d) and most reinterventions were
clinically successful (8/10 patients) we believe that
stent placement was the right therapeutic option for
our patients.
There were significantly more late reinterventions
(> 30 d) in the group without PC (8/31 vs 0/18, p =
0.02). In fact, none of the patients with PC experienced
late stent failure. This might be related to a (though
not significant) shorter overall survival first (median
48 d vs 70 d, p = 0.21) and second to recurrence
of obstructive symptoms out of reasons other than
[17]
stent failure. Jeon et al
found no difference in stent
patency after SEMS placement between patients with
and without carcinomatosis. On the other hand, Lee
[16]
et al
assessed obstructive symptom free survival,
defined as the period between stent placement and
recurrence of obstructive symptoms due to multifocal
obstruction, decreased bowel movement and stent
failure. They showed presence of carcinomatosis to be
an independent predictor of the obstructive symptomfree survival after SEMS placement for malignant
GOO. Thus, suffering from decreased bowel movement
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or multifocal obstruction before occurrence of stent
occlusion, patients with PC might not have experienced
late reintervention for stent failure.
Implantation of covered stents could decrease the
need for reintervention because of stent occlusion, but
[25,26]
is associated with a higher risk of stent migration
.
While some previous studies failed to identify any
factors that predict survival of patients who underwent
[27]
SEMS placement for malignant GOO , others found
evidence that a World Health Organization performance
score of 3 or 4 and use of pain medication stronger
[28,29]
than tramadol are predictive of shorter survival
. We
did not find a significant difference in overall survival
between patients with or without PC (median 48 d vs
70 d, p = 0.21), although our data suggested that
patients without PC survived, on average, for longer.
Further larger-scale studies are needed to confirm
these results. Clinical failure of SEMS placement was a
strong predictor for shorter survival (median 14.5 d vs
75 d, p = 0.0003).
The present study has several limitations. First of
all, this was a nonrandomized, retrospective, single
center study. Due to the retrospective design, we
were not able to record ECOG scale and Gastric Outlet
Obstruction Scoring System (GOOS) consistently.
[4]
GOOS, introduced by Adler and Baron in 2002, is
an assessment of patients’ level of oral intake. To
ensure correct evaluation of effective palliation, we
included discharge from hospital without additional
parenteral nutrition in our definition of clinical success.
As there are other reasons for parenteral nutrition than
intolerance of oral intake (e.g., tumor cachexia), we
had to accept the risk of misclassification of effectively
palliated patients. For our purposes, we were more
concerned about the specificity of clinical success, as
we wanted to ensure correct evaluation of effective
palliation.
Last, all data was collected from patients’ medical
records. We did not perform interviews, so we cannot
rule out that some patients experiencing stent failure
were treated in other hospitals. As our results for
reinterventions are consistent with literature and
overall survival was short, we do not believe that this
[2,13,18,24,29]
applies to a relevant rate of cases
.
Although this study had some limitations, we
showed for the first time a significant impact of
carcinomatosis on clinical success of SEMS insertion in
a western population. In contrast to previous studies,
only one type of SEMS was included.
In conclusion, despite differences in clinical success,
we believe that SEMS are a reasonable treatment
option for patients with GOO and peritoneal disease.
There are limited therapeutic options and, although
lower than in patients without PC, we reached a
clinical success rate of at least 66.7%. Given the fact
that alternatives might impair quality of life, that
clincal success rate is acceptable and complications
are rare, we do not regard carcinomatosis to be a
contraindication to enteral stenting. Nevertheless, the
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lower clinical success rate has to be considered and
SEMS placement needs to be critically evaluated in
every case of PC and GOO.
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Abstract

Informed consent statement: By Italian regulations (Deter
minazione Ministeriale 20. 03. 2008, Delibera del 15. 12. 2011
del Garante per la Protezione dei Dati personali) informed consent
acquisition is waived for retrospective studies involving analysis
of anonymized data.

AIM
To investigate the type and timing of evolution of
incidentally found branch-duct intraductal papillary
mucinous neoplasms (bd-IPMN) of the pancreas
addressed to magnetic resonance imaging cholan
giopancreatography (MRCP) follow-up.

Conflict-of-interest statement: Nothing to disclose.
Data sharing statement: No additional data are available.

METHODS
We retrospectively evaluated 72 patients who under
went, over the period 2006-2016, a total of 318 MRCPs
(mean 4.4) to follow-up incidental, presumed bdIPMN without signs of malignancy, found or confirmed
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at a baseline MRCP examination. Median follow-up
time was 48.5 mo (range 13-95 mo). MRCPs were
acquired on 1.5T and/or 3.0T systems using 2D and/
or 3D technique. Image analysis assessed the rates
of occurrence over the follow-up of the following
outcomes: (1) imaging evolution, defined as any
change in cysts number and/or size and/or appearance;
and (2) alert findings, defined as worrisome features
and/or high risk stigmata (e.g. , thick septa, parietal
thickening, mural nodules and involvement of the main
pancreatic duct). Time to outcomes was described
with the Kaplan-Meir approach. Cox regression model
was used to investigate clinical or initial MRCP findings
predicting cysts changes.
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INTRODUCTION
Branch-duct intraductal papillary mucinous neoplasm
(bd-IPMN) is a subtype of pancreatic cystic tumor
developing from mucin-producing columnar cells lining
the side branches of the main pancreatic duct (MPD).
Accumulation of mucin typically associates with cystic
[1]
or saccular dilatation of the involved ducts . Despite
incidence of IPMN has been estimated rare (0.48-2.04
per 100000 persons), most reports suggest that the
frequency of disease increased over the last years,
possibly because of the widespread use of sensitive
imaging modalities such as computed tomography (CT)
or Magnetic resonance imaging (MRI) with Magnetic
[2]
resonance cholangiopancreatography (MRCP) . Not
surprisingly, most bd-IPMNs are discovered incidentally
during examinations performed for causes unrelated
[1,3,4]
to the pancreas
. Up to 70.6% of incidentally
found pancreatic cysts show IPMN-like appearance on
[5]
MRCP .
[1]
According to the Fukuoka consensus guidelines ,
bd-IPMN showing no symptoms, high-risk stigmata
or worrisome morphological features can be followup with serial imaging if cysts are ≤ 3 cm in size.
Suggested follow-up methods [CT, MRI or endoscopic
ultrasound (EUS)] as well as the timing of surveillance
are driven by cysts size. However, the management
of non-operated, presumed bd-IPMN is challenging
because of the small but concrete potential of
harboring high-grade dysplasia or malignancy (overall
[3,6]
cancer risk as high as 2% per year) , regardless
[1,7]
of the size . Additionally, a growing body of data
suggests an associated risk of developing concomitant
[3]
pancreatic duct adenocarcinoma (about 4%) or
[2]
extrapancreatic cancer in patients with bd-IPMN.
Though a large amount of studies focused on
[3,8]
the natural history of bd-IPMN
, many of them
did not clearly distinguish between symptomatic
vs incidental lesion or suspicious vs not suspicious
cysts at presentation, nor separated bd-IPMN from
other cystic lesions of the pancreas. Moreover,
little has been reported on the specific patterns of
cysts evolution over time using MRCP, which is the
examination of choice to evaluate bd-IPMN, given high
[8]
contrast-resolution for fluid-containing structures .
This contributes to current uncertainty about the
most appropriate scheduling and overall duration of
imaging follow-up of incidental bd-IPMN, with impacts
on costs, accessibility to examinations and patients’
quality of life.

RESULTS
We found a total of 343 cysts (per-patient mean 5.1)
with average size of 8.5 mm (range 5-25 mm). Imaging
evolution was observed in 32/72 patients (44.4%;
95%CI: 32-9-56.6), involving 47/343 cysts (13.7%).
There was a main trend towards small (< 10 mm)
increase and/or decrease of cysts size at a median time
of 22.5 mo. Alert findings developed in 6/72 patients
(8.3%; 95%CI: 3.4-17.9) over a wide interval of time
(13-63 mo). No malignancy was found on endoscopic
ultrasound with fine-needle aspiration (5/6 cases) or
surgery (1/6 cases). No clinical or initial MRCP features
were significantly associated with changes in bd-IPMN
appearance (P > 0.01).
CONCLUSION
Changes in MRCP appearance of incidental bd-IPNM
were frequent over the follow-up (44.4%), with
relatively rare (8.3%) occurrence of non-malignant
alert findings that prompted further diagnostic steps.
Changes occurred at a wide interval of time and
were unpredictable, suggesting that imaging followup should be not discontinued, though MRCPs might
be considerably delayed without a significant risk of
missing malignancy.
Key words: Pancreas; Cysts; Branch-duct intraductal
papillary mucinous neoplasm; Magnetic resonance
cholangiopancreatography; Follow-up
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Branch-duct intraductal papillary mucinous
neoplasms are a frequent incidental finding. The
management of these lesions is challenging because of
the need to balance low but concrete risk of developing
malignancy over time versus costs of prolonged followup procedures. In this retrospective study, we showed
high rate of imaging evolution (44.4%), with 8.3% of
patients developing alert findings prompting further
diagnostic steps, though there were no final diagnoses
of malignancy. Since there were no clinical or imaging
predictors of alert findings, our results suggest that
prolonged follow-up is useful, but might be significantly
delayed with minimal risk of missing malignancy.

WJG|www.wjgnet.com

9563

November 21, 2016|Volume 22|Issue 43|

Girometti R et al . Evolution of bd-IPMN on MRCP
The purpose of this study was to investigate MRCP
patterns of evolution over time of incidental bd-IPMN
showing no suspicious signs at the time of diagnosis.

patients started the examination.
MRCP was performed with the 2D and/or 3D
technique with the heavily T2-weighted sequences
shown in Table 1. When using the 2D technique, eight
single thick slices were placed along radial oblique
coronal planes of the pancreas and biliary tree, at
a distance of 20° each. In most cases, we acquired
also 2D slices in the oblique transverse and oblique
coronal planes of the pancreas. In the case of the
3D sequence, one single slab was positioned on the
oblique coronal plane to cover both the biliary tree
and the pancreas, based on individual anatomy of
the patient. In a few cases, one or more 2D slices or
the 3D sequence were repeated to cover the whole
pancreas if not initially included entirely.
During baseline and follow-up examinations, MRCP
was always associated, depending on the magnet,
with the following sequences to provide anatomic
representation of the upper abdomen and a reference
for MRCP positioning: (1) transverse and coronal T2weighted Half-Fourier single-shot turbo spin echo
(HASTE) or equivalent Single shot fast spin echo
(SS-FSE); (2) transverse single-shot Echo-planar
Diffusion-weighted imaging; and (3) transverse T1weighted 3D fat satured Volume Interpolatd Breathhold Examination (VIBE) or T1 High Resolution
Isotropic Volume Exicitation (THRIVE) imaging.
Optional sequences included transverse T1-weighted
Gradient echo in-phase/out of-phase and transverse
T2-weighted Short tau inversion recovery (STIR)
or Spectrally adiabatic inversion recovery (SPAIR).
Multiphasic contrast-enhanced study was performed in
selected cases of extrapancreatic or pancreatic findings
(e.g., larger cysts, suspicious findings, cysts evolution)
using 0.1 mmol/kg of gadobenate dimeglumine
(Multihance, Bracco, Milan, Italy) at an injection rate of
2 mL/sec and a 3-4 mm thick transverse T1-weighted
VIBE/THRIVE sequence.

MATERIALS AND METHODS
Study population

This study was approved by local Ethical Committee
and Hospital administration. Given the retrospective
design, informed consent acquisition was waived, in
accordance with laws and regulations of our country.
We searched our institutional database (period
June 2006-May 2016) to identify: (1) patients showing
incidental pancreatic cysts on a baseline MRCP
performed to evaluate conditions clinically unrelated
to the pancreas; and (2) patients who underwent a
baseline MRCP to assess pancreatic cysts incidentally
found with previous ultrasonography (US) and/or CT
performed no more than one month before. A total of
153 subjects were found.
Of them, we included: (1) those with at least one
cyst ≥ 5 mm in largest size or more than two cysts of
any size, with at least one cyst ≥ 5 mm showing clear
communication with the MPD; and (2) patients with
a minimum of two follow-up MRCPs covering a whole
period of at least 24 mo, unless the study outcomes
have been reached before (see below). We excluded
from the study fifty subjects showing the following
conditions: recent onset or worsening of diabetes
mellitus, cysts with no definite communication with
the MPD and/or showing MRCP appearance typical
for other cysts type (e.g., mucinous cystic neoplasm),
signs of chronic pancreatitis and, more importantly,
patients showing incidental bd-IPMN- or mixed-IPMNlike lesions with high risk stigmata and/or worrisome
features (see below) at baseline examination (for
which further diagnostic steps rather than imaging
follow-up were required). We also excluded patients
presenting with two or less cysts < 5 mm in size (n
= 5), < 2 follow-up MRCPs (n = 17) and < 24 mo
of follow-up period without cysts evolution (n = 9).
Included patients showed a variety of indications to
MRCP, mainly related to the biliary tract. None of them
underwent MRI examinations prior to the baseline
MRCP.

Image analysis

Image analysis was performed in consensus by
a senior radiologist (13 years of experience in
abdominal imaging) and a radiology resident (2 years
of experience), who reviewed baseline and followup examinations on two different workstations (Suite
Estensa, Esaote, Genova, Italy; and Olea Sphere, Olea
Medical, La Ciotat, France).
By having access to MRCP and additional MRI
sequences for problem-solving interpretation, ra
diologists assessed the baseline pattern of cysts
presentation, and then recorded any per-patient
variation in terms of PC number (definite increase
or decrease) and size (defined as any increase or
decrease of at least 50% of the baseline largest
diameter). They also assessed the occurrence during
the follow-up of at least one of the following high-risk
and/or worrisome findings as defined by Tanaka et
[1]
al in 2012: (1) cyst size ≥ 30 mm; (2) solid mural

MRCP protocol

Baseline and follow-up examinations were performed
on one of two 1.5T systems [Avanto (1) and Aera
(2), Siemens Medical Systems, Erlangen, Germany]
and/or a 3.0T magnet (Achieva, Philips HealthCare,
Best, Netherlands) using a 8-channel, 18-channel and
16-channel surface body coil, respectively. To minimize
the overlap of fluid signal from the stomach and small
bowel, we administered orally 1 mL of Gd-based
contrast agent diluted into 9 mL of water (directly on
the magnet, immediately before MRCP acquisition) or,
prior to 2010, 250 mL of blueberry juice 20 min before
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Table 1 Acquisition parameters of the magnetic resonance cholangiography sequences acquired in the study
1.5T (1)
Sequence
Type of acquisition
TR (ms)
TE (ms)
FOV (mm × mm)
Matrix (pixel × pixel)
Number of slices
Slice thickness (mm)
Number of excitations
Acquisition time

1.5T (2)

3.0T

2D

3D

2D

3D

2D

3D

HASTE
Breath hold

TSE
Navigator gated

HASTE
Breath hold

TSE
Navigator gated

SS-FSE
Breath hold

4000
735
300 × 300
307 × 384
1×8
40-50
1
4.5 s × 8

2500
685
380 × 380
357 × 384
72
1
2
3 min 4 s (nominal)

4500
725
250 × 250
269 × 384
1×8
50
1
4.5 s × 8

2500
700
380 × 380
353 × 384
72
1
1.5
5 min 1 s (nominal)

9449
740
300 × 300
256 × 320
1x6
40-50
1
9.3 s × 6

FSE
Respiratory
triggered
1661.5
401.2
300 × 300
200 × 200
107
0.75
1
4 min 54 s
(nominal)

nodules with or without contrast enhancement; (3)
wall thickening and/or thick/nodular internal septa;
(4) dilatation of the MPD (caliber > 5 mm); and (5)
abrupt change in the MPD caliber with distal pancreatic
atrophy. Baseline size and subsequent variations
were measured on HASTE/SS-FSE images and/or 2D
MRCP images and/or thin source images in the case of
the 3D MRCP using the same reference plane across
different examinations. We followed the standards
[9]
suggested by Dunn et al to reduce variability in size
measurement. When both techniques were available,
3D MRCP was preferred to assess changes in size. In
the case of multilocular cysts, lesion diameter was
measured as a whole. Readers recorded the time of
occurrence from baseline MRCP (in mo) of any of the
above variations, as well as the number of follow-up
MRCPs and the interval of time (in mo) between them.
Radiologists were blinded to medical history and
patients’ workup data, which were independently
reviewed and collected by a resident in surgery. In
particular, he recorded any MRCP-induced EUS or
surgery, as well as final diagnosis as established by
EUS-guided fine-needle aspiration or histological
examination after surgery.

findings occurrence over the total number of patients
× 100.
Time to radiological evolution or alert findings was
described according to the Kaplan-Meier approach. Cox
regression model was used to explore which clinical
or imaging factor was associated with both outcomes.
Variables included in the model were sex, age, type
2 diabetes mellitus, previous cholecystectomy for
stones, autoimmune systemic disorders, alcoholic
liver cirrhosis, history of extrapancreatic neoplasia
(solid cancer and/or hematologic malignancy), and the
pattern of bd-IPMN presentation on baseline MRCP,
that is cysts size (< 10 mm, 10-19 mm and ≥ 20
mm) and cysts number (≤ 2, 2-5 and > 5).
Statistical analysis was performed by our referring
biostatistician using a commercially available software
(Stata/SE 14.1, Stata Corp LP, United States). Alfa
level was sat 0.01.

RESULTS
bd-IPMN patterns on baseline MRCP

Final study population included 72 subjects (17 male,
55 female), with a mean age of 63.0 ± 9.4 years at
the time of baseline MRCP (range 44-83 years).
They showed a total of 343 PC arranged in a bdIPMN pattern, with a per-patient mean of 5.1 ± 2.4
cysts (range 1-10). PC size spanned from 5 to 25 mm
(mean size 8.5 ± 1.7 mm). Largest lesions’ diameter
was lower than 10 mm in 277/343 cases (80.7%),
between 10-19 mm in 58/343 (16.9%), and between
20-29 mm in the remaining 8/343 cases (2.4%).
None of the subjects developed symptoms related
to the pancreas over the entire follow-up period.

Statistical analysis

Data on cyst number and distribution of cysts at the
time of baseline MRCPs and during the follow-up are
presented with descriptive statistic, reporting mean
values (± SD) and/or median values (together with
the range of minimum and maximum values).
Concerning PC evolution, we assessed the preva
lence of two outcomes over the whole period of followup, namely: (1) imaging evolution, defined as any
change in number and/or size and/or appearance
occurred in ≥ 1 follow-up examination, involving ≥ 1
cyst; (2) alert findings, defined as the occurrence of
worrisome and/or high risk features prompting further
investigation. According to our definitions, imaging
evolution included cases of alert findings. Prevalence
was calculated on a per-patient basis as the ratio
between the cases of radiologic evolution or alert

WJG|www.wjgnet.com

Cysts variation over the follow-up

After baseline examination, patients underwent a total
of 318 follow-up MRCPs, corresponding to a per-patient
mean of 4.4 ± 2.0 examinations (range 2-12). Mean
and median time of follow-up were 52.6 ± 22.4 and
48.5 (range 13-95) mo, respectively, whereas mean
and median interval of time between repeated MRCPs
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Table 2 Overall view of imaging evolution of incidental branch-duct intraductal papillary mucinous neoplasms cysts
Pattern of imaging evolution over the
follow-up

Number of
Total number of
Mean time of first
Median time of first
Mean size on baseline
patients involved, cysts involved/per- change/mean time of change/median time of MRCP/Mean size at the
1
1
n (95%CI)
patient mean
last change (mo)
last change (mo), n
end of the follow-up
number of cysts
(95%CI)
(mm)
involved

Increase in size occurring in ≥ 1
examination
Increase in size in ≥ 1 examination
followed or alternating with a
decrease in size and/or number in ≥ 1
examination
Decrease in size occurring in ≥ 1
examination
Disappearance

14/72
19.4% (11.4-30.8)
5/72
6.9% (2.6-16.1)

17/1.2

4/72
5.6% (1.8-14.3)
2/72
1.4% (0.1-8.5)
1/72
1.4% (0.1-8.5)
6/72
8.3% (3.4-17.9)
32/72
44.4% (32.9-56.6)

Other2
Any type of evolution with
development of alert findings
Total

34.2 ± 27.2/38.6 ± 29.6 23.5 (5-79)/25.5 (5-92)

8.4 ± 5.7/13.5 ± 6.9

8/1.6

21.0 ± 7.4/53.6 ± 23.0

21 (12-32)/48 (23-85)

8.4 ± 3.2/13.6 ± 6.1

6/1.5

15.5 ± 16.8/17.7 ± 16.9

9 (4-40)/13.5 /(4-40)

14.7 ± 7.6/10.5 ± 9.1

2/1.0

20.0 ± 11.3/20.0 ± 11.3

20 (12-28)/20 (12-28)

10.0/0

6/6.0

5/89

5/89

5.0/7.0

8/1.3
47/1.4

34.5 ± 19.9/42.1 ± 19.4 34 (15-63)/45.5 (13-71)
28.1 ± 22.1/39.4 ± 26.9

22.5 (4-79)/32 (4-92)

11.3 ± 6.4/15.8 ± 6.1
9.7 ± 5.7/12.5 ± 7.3

1

In the case of more than one change in cysts aspects during the follow-up; 2See the text for details.

A

B

C

Figure 1 Small paraductal cysts in the pancreatic hystmus on baseline magnetic resonance cholangiopancreatography in a 65 years old female patient (A),
showing increase in size at 24 mo (B) and then decrease in size at 36 mo (C).

Features predicting imaging evolution and/or alert
findings

were 11.6 ± 6.7 and 17 (range 4-58) mo, respectively.
Over the entire follow-up, imaging evolution
was observed in 32/72 patients (44.4%; 95%CI:
32.9-56.6), involving 47/343 cysts (13.7; 95%CI:
10.3-17.9) (per-patient mean 1.4 cysts). Table 2
details evolution patterns and the timing of changes
we observed. Overall, PC tended to increase and/or
decrease in size rather than in number (Figure 1), with
mean variation in size less than 10 mm (around 5 mm
for the majority evolution patterns), except for two 10
mm cysts in two patients which disappeared during the
follow-up. In one patient (indicated as “other” in Table
2), a total of six cysts less than 10 mm on baseline
MRCP showed minimal change in size in repeated
examinations, with the largest variation occurring in
one cyst moving from 5 mm to 12 mm, followed by
subsequent decrease in size to 7 mm.
Alert findings developed in 6/72 patients (8.3%;
95%CI: 3.4-17.9) as detailed in Table 3 (Figure 2).
Except for one case, the occurrence of alert findings
was preceded by other imaging evolution.

WJG|www.wjgnet.com

No clinical or baseline MRCP features were predictive
of imaging evolution or alert findings development
(P > 0.01) (Table 4). The only trend to statistical
significance was observed for baseline cysts size > 10
mm as a predictor of imaging evolution.
The proportion of patients without imaging
evolution estimated at 12, 24 and 60 mo was 86.1%
(95%CI: 75.7-92.2), 73.5% (95%CI: 61.6-82.2)
and 52.9% (95%CI: 37.2-66.4), respectively;
the proportion of patients without alert findings
estimated at 12, 24 and 60 mo was 100%, 97.2%
(95%CI: 89.3-99.3) and 91.0% (95%CI: 79.2-96.2),
respectively.

DISCUSSION
MRCP has been advocated as the procedure of
choice for evaluating bd-IPMN, given the capability
of assessing subtle findings such as smaller cysts,
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Table 3 Overall view of alert findings occurrence in branch-duct intraductal papillary mucinous neoplasms cysts
Patient/sex/age
on baseline
MRCP
1/female/58 yr

2/male/59 yr

Type and timing of alert
finding occurrence

Type and timing of
associated imaging
evolution

Final diagnosis

Non-enhancing small
The same cyst showed
Mucin plug; no dysplasia
filling defect at 48 mo in an
initial increase in size
or invasive cancer
8 mm cyst, increased from (from 5 mm to 8 mm) at 12
previous control
mo, followed by decrease
(from 8 mm to 5 mm) at
18 mo
Thickened/nodular septa Minimal increase of two No dysplasia or invasive
at 15 mo
cysts at 6 mo
cancer

3/female/68 yr

Standard of reference

Notes

EUS with FNA: mucin
plug, negative cytology

-

EUS: negative
examination

No further evolution
over the whole follow-up
(24 mo). Patient died for
alcoholic liver cirrhosis
-

Non-enhancing filling
Disappearance of a 9 mm Mucin plug; no dysplasia
defect at 43 mo
cyst at 33 mo
or invasive cancer
4/female/55 yr Thickened/nodular septa
Increase in size of the
Low-grade dysplasia bdat 63 and then 71 mo
same cyst from 10 mm to
IPMN
15 mm at 9 mo
5/female/60 yr
Dilation of the main
No other evolution
Evolution from bd-IPMN
pancreatic duct (head,
observed
to mixed-type IPMN
caliber 9 mm) and mural
filling defects in the larger
cyst (15 mm) at 25 mo

EUS with FNA: negative
cytology
EUS with FNA: low grade
dysplasia bd-IPMN,
negative CEA and CA 19.9
EUS with FNA (repeated
3 times): negative
cytology, elevated CEA,
CA 19.9 and amylase. No
vascularization of filling
defects on Color Doppler
exam
No dysplasia or invasive Histological examination
cancer
after surgical resection of
the cyst

6/female/72 yr Increase in size of one cyst
Increase in size of the
from 20 mm to 30 mm at same cyst from 16 mm to
13 mo
20 mm at 9 mo

Non further evolution
over the whole follow-up
(99 mo)
Liver-transplanted patient
(alcoholic cirrhosis) in
whom pancreatic surgery
was unfeasible. No further
evolution over the whole
follow up period (92 mo)
Occurrence of the alert
finding preceded by
negative EUS
No further evolution over
the subsequent follow-up
(39 mo)

bd-IPMN: Branch-duct intraductal papillary mucinous neoplasms.

Table 4 Results of the Cox proportional hazard analysis
Clinical or imaging feature
Sex
Age
Previous cholecistectomy
Diabetes mellitus (type 2)
Autoimmune systemic disease
Alcoholic liver cirrhosis
History of extrapancreatic neoplasia
Cysts size > 10 mm on baseline MRCP
Number of cysts on baseline MRCP

Imaging evolution

Alert findings

HR

P value

95%CI

HR

P value

95%CI

0.78
0.98
0.89
0.92
0.58
1.88
1.79
2.13
1.42

0.569
0.488
0.794
0.873
0.218
0.143
0.109
0.055
0.590

0.33-1.81
0.95-1.02
0.40-2.00
0.34-2.44
0.25-1.36
0.80-4.40
0.87-3.68
0.98-4.64
0.70-1.96

0.60
1.00

0.644
0.967
-1
0.316
0.543
0.295
0.694
0.205
0.680

0.69-5.19
0.92-1.08

2.39
0.51
2.49
0.70
4.02
1.26

0.43-13.14
0.59-4.39
0.45-13.75
0.12-3.93
0.46-34.70
0.40-3.95

1

No patients showing the outcome. MRCP: Magnetic resonance cholangiopancreatography.

[13-18]

communication with the MPD, septa and mural
[10]
nodules . MRCP is accurate in diagnosing presumed
bd-IPMN at initial presentation and in detecting
[3]
changes occurring over the follow-up . However,
most studies in literature evaluated cysts evolution
by alternating or replacing MRCP with other imaging
modalities, including CT, EUS and endoscopic
[3,8,11,12]
retrograde cholangiopancreatography
. This
suggest that not all morphological changes over time
might have been detected, thus limiting information on
natural history. Not surprisingly, the per-patient rate
of imaging evolution we observed was higher (44.4%)

WJG|www.wjgnet.com

compared to most clinical studies (5.6%-28.0%)
,
though initial size of all cysts (average 8.5 ± 1.7
mm) and the magnitude of changes in patients with
evolution were comparably small (average size on
baseline MRCP and at the end of the follow-up of 9.7
mm vs 12.5 mm, respectively, with changes involving
1.4 cysts per-patient). It should be pointed out that
[19,20]
previous MRCP-based studies
found a lower
imaging evolution rate (5%-10.8%) than ours in
comparable patients populations. This discrepancy can
be explained by our larger study population and/or by
the fact we performed a cyst-by-cyst analysis rather
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A

B

Figure 2 Occurrence of alert findings in patient number 5 described in Table 3. Compared to the baseline examination (A), follow-up MRCP (B) showed main
pancreatic duct dilation and small parietal filling defects in the body cyst. MRCP: Magnetic resonance cholangiopancreatography.

than focusing on target ones, as supported by similar
evolution rate (48.5% increase in size, 1.5% decrease
[11]
in size) in a clinical study by Bae et al
with same
type of analysis.
Imaging evolution included development of alert
findings in 8.3% of patients, a value within the range
of those previously reported in studies with MRCP
[19-22]
(2.7%-10.8%)
or combined imaging modalities
[14,17]
(4.9%-9%)
. None of them corresponded to
“high-risk stigmata” according to Sendai guidelines
[1]
definition, but rather to worrisome features . Except
for one patient who developed mixed-type IPMN,
small changes preceded alert findings at a variable,
unpredictable extent of time, involving both evolved
cysts or not. Four out of 6 patients with alert findings
showed no abnormalities on EUS with FNA (3 cases)
and histological examination after surgery (1 case).
Remaining EUS-based diagnoses were low-dysplasia in
one patient refusing surgery and evolution to mixedtype IPMN in a liver-transplanted patient in whom
surgery was unfeasible because of poor health status.
Both showed lesion stability during the follow-up (92
and 99 mo, respectively). Similarly to previous MRCP[19,20]
based studies on smaller populations
, we observed
no evolution to overt malignancy.
Our results suggest that small changes in the
appearance of incidental bd-IPMN are common when
the follow-up is performed with MRCP, likely reflecting
a dynamic process of filling/empting of cystic mucin
content and/or plug formation. In many cases, changes
occurred repeatedly in different MRCP examinations,
with a trend to progressive, small and slow progression
[21]
that is in line with previous observations . In
particular, the median time of first and last occurrence
was 22.5 and 32 mo, respectively, with about onehalf of patients having manifested evolution at 60 mo,
suggesting that imaging evolution can occur whenever
during the follow-up. Furthermore, no clinical factors or
cysts appearance on baseline MRCP were predictors of
imaging evolution, with the partial, but not significant (P
= 0.055) exception of size > 10 mm.
One can hypothesize some clinical consequences
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for the management of incidental, presumed bdIPMN. First, imaging evolution on MRCP should not
prompt interventions, additional diagnostic steps or
change in scheduled follow-up unless alert findings
occur. Second, since there was no definite proof
for malignancy in most patients who develop alert
findings, careful risk-to-benefit evaluation should be
made before addressing them to invasive and costing
diagnosis or treatment. In the case of subtle and
ambiguous findings, interventions might be deferred,
using MRCP to follow-up patients at a shorter time (e.g.,
every six mo from the alert findings for the first year)
unless further evolution or stability are demonstrated.
[23]
Crippa et al
have recently shown that conservative
management in patients developing worrisome
features is appropriate, with 5-year disease-survival of
96%. Our results showed that alert findings occurrence
was quite variable in time (range 13-63 mo). More
importantly, alert findings were unpredictable based on
cysts pattern or clinical features. Given the low rate of
occurrence (91% of alert findings-free patients at 60
mo) and risk they really correspond to malignancy (or
rapidly evolving malignancy), one might hypothesize
that follow-up should continue over time, possibly
with longer intervals between examinations to avoid
“oversuveillance”, e.g., every 2 years as previously
[24]
suggested .
Our study shows some limitations. First, there
was no histological confirmation of bd-IPMN in our
series, as well as the majority of alert findings (5/6),
though EUS with FNA was performed in those cases.
However, our results reflects clinical practice, in which:
(1) MRCP is considered the most reliable noninvasive
[3]
tool to diagnose and follow-up presumed bd-IPMN ;
and (2) final diagnosis cannot be frequently obtained
in patients with alert findings because of age and
comorbidities contraindicating surgery, mirroring the
“incidental” setting. It would be unfeasible/unethical to
address patients to unnecessary invasive procedures.
On the other hand, none of the alert findings showed
evolution to overt malignancy during the follow-up.
Second, number and timing of follow-up examina
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tions were inhomogeneous, given the retrospective
design. Further studies with a prospective and more
homogeneous follow-up scheduling may support our
findings.
In conclusion, incidentally found cysts arranged in
a bd-IPMN pattern showed 44.4% evolution rate when
monitored with MRCP, mainly in terms of minimal
increase in size. The rate of occurrence of alert
findings prompting further diagnostic step was 8.3%,
with no definite proof of malignancy nor significant
impact on patients’ management. Time to evolution
and/or alert findings was quite variable, whereas
no clinical or baseline MRCP findings were found to
predict both types of changes. Our results suggest
that imaging follow-up of incidental bd-IPMN should
not be discontinued, though examinations might be
considerably delayed with a minimal risk of missing
malignancy. Further studies should clarify whether
rescheduling the interval of time between follow-up
examinations is an effective strategy in managing
patients who develop alert findings.

The authors describe high rate of imaging evolution and developing 8.3% of
alert findings during follow-up IPMN.
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Abstract
AIM
To determine whether diabetes mellitus (DM) affects
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prognosis/recurrence after liver transplantation (LT) for
hepatitis B virus (HBV)-related hepatocellular carcinoma
(HCC).

patients, but not of tumor recurrence. Thus, HCC
patients with DM undergoing LT should be closely
followed to optimize outcomes. Follow-up examinations
are especially important among DM patients who are
elderly or who have the presence of vascular invasion
and serum α-fetoprotein levels > 2000 ng/ml pre-LT.

METHODS
A retrospective study was conducted between
January 2000 and August 2013 on 1631 patients with
HBV-related HCC who underwent LT with antiviral
prophylaxis. Patient data were obtained from the China
Liver Transplant Registry (https://www.cltr.org/). To
compare the outcomes and tumor recurrence in the
HBV-related HCC patients with or without DM, statistical
analyses were conducted using χ 2 tests, Mann-Whitney
tests, the Kaplan-Meier method, log-rank tests and
multivariate step-wise Cox regression analysis.

Zhang Q, Deng YL, Liu C, Huang LH, Shang L, Chen XG,
Wang LT, Du JZ, Wang Y, Wang PX, Zhang H, Shen ZY.
Diabetes mellitus may affect the long-term survival of hepatitis
b virus-related hepatocellular carcinoma patients after liver
transplantation. World J Gastroenterol 2016; 22(43): 9571-9585
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i43/9571.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i43.9571

RESULTS
Univariate analysis of 1631 patients who underwent
LT found overall 1-, 3- and 5-year survival rates of
79%, 73% and 71% respectively in the DM patients,
and 84%, 78% and 76% in the non-DM patients
respectively. Overall survival rate differences after
LT between the two groups were significant (p =
0.041), but recurrence-free survival rates were not (p
= 0.096). By stratified analysis, the overall survival
rates in DM patients for age > 50 years (p = 0.002),
the presence of vascular invasion (p = 0.096), tumors
≤ 3 cm (p = 0.047), two to three tumor nodules (p
= 0.007), Child-Pugh grade B (p = 0.018), and preLT alanine aminotransferase levels between 40 and
80 IU/L (p = 0.017) were significantly lower than in
non-DM patients. Additionally, serum α-fetoprotein
level > 2000 ng/ml (p = 0.052) was associated with
a significant survival difference trend between DM and
non-DM patients. Multivariate analysis showed that
the presence of DM (p < 0.001, HR = 1.591; 95%CI:
1.239-2.041) was an independent predictor associated
with poor survival after LT.

INTRODUCTION
Of the 350 million individuals infected with hepatitis
B virus (HBV) worldwide, there are 130 million HBV
carriers and 30 million chronically HBV-infected people
[1,2]
in China . The incidence of hepatocellular carcinoma
(HCC) in China is dramatically increased by HBV
[3,4]
infection, which is the main cause of HCC . Over
70% of cases of HCC in China have been associated
[5]
with HBV infection .
Diabetes mellitus (DM) is the sixth leading cause
of death in China, and its prevalence in the adult
[6]
Chinese population increased to 11.7% in 2010 .
Recent studies have shown that DM may be a potential
[5,7,8]
risk factor for HCC
, and this hypothesis has been
[9-12]
supported by several case control
and cohort
[13-17]
studies
. Additionally, increased HCC prevalence
in the diabetic population has been reported, possibly
[7,9]
due to steatohepatitis . However, it is unknown
whether HBV infection acts directly or additively with
steatohepatitis on the incidence of HCC in DM patients.
Liver transplantation (LT) has been established as
the only curative method for simultaneous treatment
[18,19]
of HCC and cirrhosis
, and is generally accepted
as superior for early HCC with cirrhosis compared to
[20,21]
hepatic resection
.
There has been recent debate about DM as an
independent risk factor for post-treatment HCC
recurrence and poor outcomes. Some studies have
suggested that DM increases the risk of HCC recurrence
and poor patient outcomes in patients undergoing
[22]
hepatic resection . However, other studies reported
that DM does not worsen the prognosis of HCC patients
[23,24]
after resection
. Few studies have investigated the
association between HBV, DM, tumor recurrence and
long-term survival of HCC patients who underwent LT.
The aim of this study was to investigate the potential
associations between pre-existing DM with HBVinduced HCC, HCC recurrence and long-term survival
after LT in a large cohort.

CONCLUSION
HBV-related HCC patients with DM have decreased
long-term overall survival and poor LT outcomes.
Prevention strategies for HCC patients with DM are
recommended.
Key words: Diabetes mellitus; Hepatocellular carcinoma;
Hepatitis B virus; liver transplantation; survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: diabetes mellitus (DM) may be associated
with hepatocellular carcinoma (HCC) pathological
features, old age and poor liver function, which may
influence post-liver transplantation (LT) survival in
hepatitis B virus (HBV)-related HCC patients. However,
no direct relation between DM and HBV infection or
HBV load were observed in HCC patients. The current
data represent a multi-center study involving a larger
number of samples, and suggest that DM may affect
the long-term post-LT survival of HBV-related HCC

WJG|www.wjgnet.com

9572

November 21, 2016|Volume 22|Issue 43|

Zhang Q et al . DM and HCC outcomes post-liver transplantation

MATERIALS AND METHODS

immunoglobulins post-LT (Table 2).

Patient population

HCC and tumor recurrence assessment

Between January 2000 and August 2013, 2128
patients were diagnosed with primary HCC and
underwent LT at the General Hospital of Chinese
People’s Armed Police Force, Tianjin First Central
Hospital and First Affiliated Hospital, School of
Medicine, Xi’an Jiaotong University (data from the
China Liver Transplant Registry: https://www.cltr.
org/). Among the 2128 HCC patients who underwent
LT, 1631 HBV-related cirrhosis patients with antiviral
prophylaxis and complete follow-up information were
studied retrospectively.
Inclusion criteria were: (1) adults ≥ 18-year-old;
[25]
(2) fulfillment of the UCSF criteria
or Hangzhou
[26]
criteria (China) ; (3) diagnosis of cirrhosis and HCC;
and (4) diagnosis of pre-LT HBV infection. Exclusion
criteria were: (1) pre-LT imaging diagnosis of HCC
complicated by inferior vena cava tumor thrombus
or extrahepatic tumor metastasis (including lymph
node metastasis); (2) hepatitis C co-infection; (3) any
history of alcohol abuse; and (4) HIV or HDV infection
without adequate social support.
This study enrolled 1496 men and 135 women,
with ages ranging between 25 and 80 years and a
median age of 52.42 years. Of the 1631 patients, at
the time of LT, 1336 (81.9%) were DM-negative and
295 (18.1%) had DM. Among the DM patients, 17
(5.8%) had type 1 diabetes and 278 (94.2%) had
type 2 diabetes. Among the 295 DM cases, 29 (9.8%)
were controlled by diet and exercise alone, 71 (24.1%)
used oral sulfonylurea medications, 92 (31.2%) used
oral sulfonylureas combined with insulin, and 103
(34.9%) used insulin alone. There were 101 (34.2%)
patients with fasting blood glucose ≤ 7.0 mmol/L and
194 (65.8%) patients with fasting blood glucose >
7.0 mmol/L, out of the total of 295 DM patients. The
baseline characteristics of the 1631 HBV-induced HCC
patients with or without DM are summarized in Table 1.

Pre-LT HCC diagnosis was confirmed by a combination
of two abdominal imaging techniques [ultrasound,
computed tomography (CT) or magnetic resonance
imaging (MRI)], and by measuring serum α-fetoprotein
(AFP) levels, or positron emission tomography (PET), if
necessary, to exclude extrahepatic tumor metastasis.
HCC and cirrhosis were diagnosed by pathological
examination post- LT.
During the LT follow-up, routine examinations
included X-ray imaging, abdominal ultrasonography,
whole-body CT scans and measurement of serial
serum AFP levels. Early tumor recurrence or metastasis
was assessed by monthly monitoring of AFP levels
and abdominal ultrasonography, and by whole-body
CT, MRI examinations and bone scintigraphy every 3
to 6 mo. Histological confirmation of recurrence was
conducted using patient biopsies, if necessary. Liver
function tests were regularly checked before and after
LT.

HBV infection diagnosis and treatment

Variables analyzed included sex, age, body mass
index (BMI), DM, HBV markers, pathologic tumor
characteristics (including number of tumor nodules,
tumor size, venous invasion, lymph node invasion,
capsular invasion and microsatellite lesions), serum
AFP levels, Child-Pugh scores, model for end-stage liver
disease (MELD) scores, and alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), gamma-glutamyl transpeptidase
(GGT), triglyceride (TG), and cholesterol (CH) levels.
Pre-LT antitumor therapy and post LT follow-up data
included post-LT HBsAg reinfection, tumor recurrence,
metastasis and survival time. These variables were
collected and recorded in the databases of the China
Liver Transplant Registry (https://www.cltr.org/).
Patient height and weight were recorded prior to
LT, as well as BMI for all patients. BMI was defined
2
2
as weight in kilograms divided by height (m ). All

DM assessment and post-LT treatment

Pre-LT DM status was determined by retrospective
review and laboratory tests, and assessed using the
DM history. Medical history included medical records,
recent history and physical examination records of use
of oral hypoglycemic agents or insulin. Patients were
also asked if they had a history of physician-diagnosed
DM. The diagnostic criteria for DM consisted of fasting
(≥ 8 h) plasma glucose levels ≥ 126 mg/dl and 2-h
oral glucose tolerance test results showing ≥ 200
[28]
mg/dl . Post-LT DM status was not included in this
study. The treatment method for early post-LT DM was
mainly insulin alone or oral sulfonylureas combined
with insulin, according to fasting plasma glucose levels
and 2-h oral glucose tolerance test results.

Study variables

For HBV-related patients, the pre-LT HBV infection
status was checked routinely using the following viral
markers: hepatitis B surface antigen (HBsAg); HB
surface antibody (HBsAb), HB e antigen (HBeAg);
hepatitis B core antibody (HBcAb); and HBV deoxy
ribonucleic acid (DNA) levels. HBV infection was
defined by the presence of serum HBsAg or HBV
DNA positivity. Before and after LT, HBV status was
assessed using HBV markers and PCR for HBV DNA.
In order to identify lamivudine resistance, viral
[27]
mutation tests were also conducted . Percutaneous
or transjugular liver biopsies were performed to prove
HBV re-infection. HBV genotyping was not performed
in the majority of patients, and, therefore, was
not included in the final analysis. All patients were
routinely given nucleoside analogues (lamivudine,
adefovir or entecavir) pre- and post-LT, and hepatitis B
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Table 1 Baseline characteristics of patients with diabetes mellitus and without diabetes mellitus n (%)
Diabetic (n = 295)

Category
Sex
Male
Female
Age, yr
≤ 50
> 50
Tumor size
≤3
3-5
5-7
>7
Number of tumor nodules
Singer
≥ 2, ≤ 3
≥4
Venous invasion
Absent
Present
Lymph node invasion
Absent
Present
Capsular invasion
Absent
Present
Microsatellite lesions
Absent
Present
Edmondson
1
2
3+4+5
Serum AFP level, in ng/mL
< 200
200-400
400-1000
1000-2000
> 2000
MELD score
< 10
10-15
> 15
Child-Pugh score
A
B
C
Fasting blood glucose, in mmol/L
<7
≥7
BMI, in kg/m2
< 18.5
18.5-24
24-28
> 28
ALP, in IU/L
≤ 112
> 112
GGT, in IU/L
≤ 54
> 54
AST, in IU/L
≤ 40
40-80
> 80
ALT, in IU/L
≤ 40
40-80
> 80
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Non-diabetic (n = 1336)

278 (94.2)
17 (5.8)

1218 (91.2)
118 (8.8)

96 (32.5)
199 (67.5)

643 (48.1)
693 (51.9)

163 (55.3)
85 (28.8)
28 (9.5)
19 (6.4)

704 (52.7)
350 (26.2)
157 (11.8)
125 (9.4)

147 (49.8)
72 (24.4)
76 (25.8)

666 (49.9)
341 (25.5)
329 (24.6)

256 (86.8)
39 (13.2)

1135 (85.0)
201 (15.0)

284 (96.3)
11 (3.7)

1265 (94.7)
71 (5.3)

259 (87.8)
36 (12.2)

1175 (87.9)
161 (12.1)

234 (79.3)
61 (20.7)

1082 (81.0)
254 (19.0)

12 (4.1)
168 (56.9)
115 (39.0)

27 (2.0)
797 (59.7)
512 (38.3)

231 (78.3)
18 (6.1)
17 (5.8)
13 (4.4)
16 (5.4)

966 (72.3)
87 (6.5)
122 (9.1)
65 (4.9)
96 (7.2)

97 (32.9)
94 (31.9)
104 (35.3)

582 (43.6)
406 (30.4)
348 (26.0)

125 (42.4)
104 (35.3)
66 (22.4)

715 (53.5)
396 (29.6)
225 (16.8)

101 (34.2)
194 (65.8)

1273 (95.3)
63 (4.7)

19 (6.4)
164 (55.6)
84 (28.5)
28 (9.5)

69 (5.2)
856 (64.1)
295 (22.1)
116 (8.7)

179 (60.7)
116 (39.3)

862 (64.5)
474 (35.5)

107 (36.3)
188 (63.7)

547 (40.9)
789 (59.1)

102 (34.6)
107 (36.3)
86 (29.2)

481 (36.0)
526 (39.4)
329 (24.6)

121 (41.0)
105 (35.6)
69 (23.4)

566 (42.4)
517 (38.7)
253 (18.9)
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df

P value

2.999

1

0.083

23.690

1

0.000

4.333

3

0.228

0.245

2

0.885

0.641

1

0.423

1.272

1

0.304

0.005

1

0.942

0.430

1

0.512

4.359

2

0.108

5.518

4

0.236

14.184

2

0.001

12.456

2

0.002

678.412

1

0.000

7.937

3

0.047

1.546

1

0.214

2.196

1

0.138

2.682

2

0.262

3.142

2

0.208

Value
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TC, in mmol/L
≤ 1.7
> 1.7
CH, in mmol/L
< 3.88
3.88-5.2
> 5.2
Pre-LT antitumor therapy
No
local therapy
Resection
HBeAg
Negative
Positive
HBV DNA, in IU/mL
Negative, ≤ 103
Positive, ≥ 103
Post-LT HBV recurrence
No
Yes

250 (84.7)
45 (15.3)

1245 (93.2)
91 (6.8)

185 (62.7)
67 (22.7)
43 (14.6)

865 (64.7)
329 (24.6)
142 (10.6)

219 (74.5)
48 (16.3)
27 (9.2)

1016 (76.2)
209 (15.7)
109 (8.2)

232 (78.6)
63 (21.4)

1021 (76.4)
315 (23.6)

191 (64.7)
104 (35.3)

760 (56.9)
576 (43.1)

285 (96.6)
10 (3.4)

1283 (96.0)
53 (4.0)

22.536

1

0.000

3.840

2

0.147

0.451

2

0.798

0.670

1

0.413

6.140

1

0.013

0.217

1

0.740

BMI: Body mass index; DM: Diabetes mellitus; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
Gamma-glutamyl transpeptidase; TG: Triglyceride; CH: Cholesterol; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LT: Liver transplantation.

Table 2 Antiviral prophylaxis before and after liver transplantation for hepatitis B virus reinfection
Patients with high risk of HBV reinfection
5
[HBV-DNA ≥ 10 copies/mL or HBeAg(+)]

Patients with low risk of HBV reinfection
5
[HBV-DNA < 10 copies/mL or HBeAg(-)]

Pre-LT: nucleoside analogues, qd 2-4 w
Intraoperative: HBIG 4000 IU, iv
Post-LT: HBIG 1000 IU, iv, qd, 1-7 d
After 7 d, HBIG 1000 IU, iv, once a week; or HBIG 400 IU, im, qd or qod
or twice a week. Adjust frequency of HBIG administration to reach target
therapeutic concentration
Target therapeutic concentration post-LT
≤ 6 mo post-LT: anti-HBs titer ≥ 500 IU/L
6-12 mo post-LT: anti-HBs titer ≥ 200 IU/L
≥ 12 mo post-LT: anti-HBs titer ≥ 100 IU/L

Pre-LT: nucleoside analogues, qd 0-2 w
Intraoperative: HBIG 2000 IU, iv
Post-LT: HBIG 1000 IU, iv, qd, 1-7d
After 7 d, HBIG 1000 IU, iv, once a week; or HBIG 400 IU, im, qd or qod
or twice a week. Adjust frequency of HBIG administration to reach target
therapeutic concentration
Target therapeutic concentration post-LT
≤ 6 mo post-LT: anti-HBs titer ≥ 300 IU/L
6-12 mo post-LT: anti-HBs titer ≥ 200 IU/L
≥ 12 mo post-LT: anti-HBs titer ≥ 100 IU/L

HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LT: Liver transplantation.

included patients tested positive for HBsAg and
showed detectable HBV DNA levels within the 3
mo prior to LT. Liver function levels and blood fat
levels were measured at the time of transplant. The
tumor nodule number, tumor nodule size (maximum
diameter), vascular invasion, perihepatic lymph node
invasion, capsular invasion, microsatellite lesions and
tumor differentiation were determined by experienced
pathologists.

tumor recurrence risk factors among LT patients.
Statistical calculations were carried out using SPSS
17.0 software (SPSS Inc., Chicago, IL, United States).
Two-sided p of < 0.05 was considered statistically
significant.

Statistical analysis

The mean ages in patients with or without DM were
54.1 or 50.8, respectively (t = 6.597, p < 0.001).
Mean patient BMI with or without DM was 24.2 for
both (t = 0.036, p = 0.971). Mean fasting plasma
glucose levels were 9.23 in DM patients, and 5.20 in
non-DM patients (t = 16.849, p < 0.001). The mean
TC level (t = 2.342, p = 0.019) and CH level (t = 1.106,
p = 0.269) were 1.12 or 4.46 in DM patients and 0.92
or 3.82 in non-DM patients, respectively.
In the current study, patients with DM exhibited a
higher proportion of individuals with age > 50-years2
old (67.5% vs 51.9%, χ = 23.690, p < 0.001), Child-

RESULTS
Baseline characteristic comparisons between HBV-HCC
patients with or without DM

Categorical variables and non-normal distribution
quantitative data were analyzed to compare the
differences between non-diabetic and diabetic groups
2
using χ tests and Mann-Whitney tests, respectively.
From the date of LT to the date of death or to the
most recent follow-up, survival time was calculated.
The Kaplan-Meier method was used to analyze
overall and recurrence-free survival. The log-rank test
(Mantel-Cox) was used to compare group survival
curves. Additionally, multivariate step-wise Cox
regression was performed to analyze survival and
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Figure 1 Overall (A) and recurrence-free (B) survival rates of diabetes mellitus and non-diabetes mellitus patients with hepatocellular carcinoma. DM:
Diabetes mellitus.

Risk factors for overall survival and recurrence-free
survival comparisons by univariate analysis between
HBV-HCC patients with or without DM

2

Pugh grade B (35.3% vs 29.6%, χ = 13.456, p =
2
0.002) and C (22.4% vs 16.8%, χ = 13.456, p =
2
0.002), MELD scores > 15 (35.3% vs 26.0%, χ =
14.184, p = 0.001), BMI of 24-28 (28.5% vs 22.1%,
χ 2 = 7.937, p = 0.047), TC > 1.7 mmol/L (15.3% vs
2
3
6.8%, χ = 22.536, p < 0.001) and HBV DNA ≤ 10
2
IU/ml (64.7% vs 56.9%, χ = 6.140, p = 0.013),
when compared with non-DM patients (Table 1).
Analysis of DM and non-DM patients showed
significant differences in age (p < 0.001), MELD scores
(p = 0.001), Child-Pugh grade (p = 0.002), BMI (p =
0.047), TC levels (p < 0.001) and HBV DNA (p = 0.013;
Table 1). No significant differences were observed
between patients with and without DM for other factors
analyzed (Table 1).

Table 3 shows the results of a stratified analysis of
risk factors for overall survival of HBV-related HCC
patients with and without DM. Significant survival
differences were found between DM and non-DM
patients in relation to age > 50 years (p = 0.002;
Figure 2A), tumor size ≤ 3 cm (p = 0.047), number
of tumor nodules between two and three (p = 0.007),
vascular invasion (p = 0.033; Figure 2B), Child-Pugh
grade B (p = 0.018), BMI of 18.5-24 (p = 0.048),
ALT levels of 40-80 IU/L (p = 0.017; Figure 2C), AST
levels of 40-80 IU/L (p = 0.038), TC levels ≤ 1.7
mmol/L (p = 0.021), no pre-LT antitumor therapy (p
= 0.020), and absence of post-LT HBsAg reinfection
(p = 0.045). When compared with non-DM patients,
DM patients with these factors had poorer overall
1-, 3- and 5-year post-LT survival rates. Analysis of
patients with vascular invasion showed that the 1-,
3- and 5-year post-LT survival rates were 45%, 28%
and 25% in DM patients, respectively, compared to
63%, 47% and 42% in non-DM patients, respectively.
DM patients > 50 years of age had 1-, 3- and 5-year
post-LT survival rates of 79%, 73% and 71%,
respectively, compared to 88%, 83% and 80% in nonDM patients, respectively. DM patients with ALT levels
of 40 to 80 IU/L had overall 1-, 3- and 5-year postLT survival rates of 76%, 71% and 70%, respectively,
compared to 85%, 78% and 76% in non-DM patients,
respectively.
Additionally, a trend was observed in survival
differences between DM and non-DM patients in
relation to tumor size > 7 cm (p = 0.055), no capsular
invasion (p = 0.050), serum AFP levels > 2000 ng/ml
(p = 0.052) and HBeAg negativity (p = 0.055).
Stratified analysis of risk factors for the tumor
recurrence-free survival between DM and non-DM
patients (Table 4) showed that age > 50 years (p =
0.015; Figure 3A), two to three tumor nodules (p =

Overall survival and tumor recurrence comparisons by
univariate analysis between HBV-HCC patients with or
without DM

Complete follow-up monitoring of the 1631 HBVassociated HCC patients who underwent LT was
conducted. The median survival time was 62.0 ± 39.1
mo (0 to 152 mo) in DM patients and 67.0 ± 38.9 mo
(0 to 165 mo) in non-DM patients. Univariate analysis
of 1631 patients showed that 1-, 3- and 5-year overall
survival rates post-LT were 79%, 73% and 71% in DM
patients, respectively, and 84%, 78% and 76% in nonDM patients, respectively. Overall survival rates post-LT
were significantly different between the HCC patients
with DM and those without DM (p = 0.041; Figure 1A).
The median tumor recurrence-free survival time
was 55.0 ± 40.9 mo in DM patients and 62.0 ± 41.3
mo (0 to 165 mo) in non-DM patients. Univariate
analysis of 1631 patients found that post-LT 1-, 3- and
5-year recurrence-free survival rates were 73%, 69%
and 67% in DM patients, respectively, and 77%, 72%
and 70% in non-DM patients, respectively. However,
there were no significant differences in tumor
recurrence-free survival rates between the two groups
(p = 0.096; Figure 1B).
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Table 3 Univariate analysis of overall 1-, 3- and 5-year survival rates post-liver transplantation between patients with diabetes
mellitus and without diabetes mellitus
DM, %
Variables

1 yr

Sex
Male
80
Female
76
Age, yr
≤ 50
80
> 50
79
Tumor size, in cm
≤3
83
3-5
86
5-7
66
>7
36
Number of tumor nodules
Single
85
2-3
73
≥4
76
Venous invasion
Absent
85
Present
45
Lymph node invasion
Absent
80
Present
73
Capsular invasion
Absent
80
Present
75
Edmondson
1
91
2
82
3+4+5
74
Serum AFP level, in ng/mL
< 200
85
200-400
64
400-1000
71
1000-2000
68
> 2000
34
MELD score
< 10
79
10-15
78
> 15
82
Child-Pugh class
A (5-6)
83
B (7-9)
75
C (≥ 9)
79
Fasting blood glucose, in mmol/L
≤7
77
>7
80
BMI, in kg/m2
< 18.5
68
18.5-24
77
24-28
86
> 28
81
ALP
≤ 112
83
> 112
74
GGT
≤ 54
87
> 54
75
ALT, in IU/L
≤ 40
86
40-80
73
> 80
77
AST, in IU/L
≤ 40
88
40-80
76
> 80
74

WJG|www.wjgnet.com

P value

Non-DM, %

3 yr

5 yr

1 yr

3 yr

5 yr

74
62

72
62

84
90

77
88

75
86

0.140
0.016

73
73

73
71

80
88

74
83

71
80

0.970
0.002

79
79
49
30

79
74
43
30

90
87
71
63

86
79
65
49

83
77
63
48

0.047
0.689
0.171
0.055

82
68
62

79
68
60

90
86
72

84
81
64

82
79
61

0.325
0.007
0.961

80
28

79
25

88
63

84
47

82
42

0.113
0.033

74
64

72
64

85
78

79
70

76
66

0.032
0.979

74
61

72
61

85
79

79
72

77
70

0.050
0.554

91
77
66

91
75
64

100
87
79

100
81
73

100
78
71

0.134
0.124
0.229

81
64
51
41
26

79
64
42
41
26

88
78
82
73
62

83
68
72
61
56

82
66
66
55
51

0.161
0.502
0.189
0.454
0.052

68
70
80

68
70
75

84
84
85

77
78
80

74
76
78

0.101
0.197
0.423

78
67
74

78
63
72

85
83
82

79
78
77

76
75
75

0.792
0.018
0.479

73
73

71
71

85
80

79
73

76
67

0.145
0.955

62
72
78
72

62
70
76
72

81
84
85
85

79
78
79
80

76
76
76
74

0.156
0.048
0.951
0.656

78
66

76
65

87
80

81
74

78
72

0.281
0.102

86
66

85
63

92
79

88
72

85
69

0.559
0.104

81
68
68

80
65
66

89
83
75

85
77
68

83
74
64

0.339
0.017
0.633

82
71
67

80
70
64

91
85
74

86
78
68

84
76
64

0.307
0.038
0.872
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TC, in mmol/L
≤ 1.7
79
> 1.7
82
CH, in mmol/L
≤ 3.88
81
3.88-5.2
74
> 5.2
83
Pre-LT antitumor therapy
No
77
local therapy
83
Resection
92
HBeAg
Negative
79
Positive
82
HBV-DNA, in × 103 U/mL
<1
80
>1
77
Post-LT HBsAg reinfection
Negative
79
Positive
80

72
79

71
76

85
79

79
71

77
64

0.021
0.473

75
69
71

73
67
71

85
86
77

80
78
71

77
75
68

0.151
0.058
0.737

73
71
80

71
71
72

85
79
88

79
73
84

76
71
80

0.020
0.910
0.809

73
75

71
73

85
83

78
79

76
76

0.055
0.446

73
73

71
72

85
84

79
77

78
74

0.072
0.236

73
70

72
60

84
87

79
73

76
69

0.045
0.678

BMI: Body mass index; DM: Diabetes mellitus; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
Gamma-glutamyl transpeptidase; TG: Triglyceride; CH: Cholesterol; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LT: Liver transplantation.

Table 4 Univariate analysis of tumor recurrence-free 1-, 3- and 5-year survival rates post-liver transplantation between patients
with diabetes mellitus and without diabetes mellitus
Variables

DM, %
1 yr

Sex
Male
73
Female
76
Age, yr
≤ 50
73
> 50
73
Tumor size, in cm
≤3
78
3-5
82
5-7
52
>7
31
Number of tumor nodules
Single
81
2-3
67
≥4
64
Venous invasion
Absent
80
Present
28
Lymph node invasion
Absent
74
Present
64
Capsular invasion
Absent
75
Present
60
Microsatellite lesions
Absent
79
Present
52
Edmonton
1
91
2
77
3+4+5
67
Serum AFP level, in ng/mL
< 200
80
200-400
59
400-1000
65
1000-2000
61
> 2000
17
MELD score
< 10
68
10-15
72
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P value

Non-DM, %

3 yr

5 yr

1 yr

3 yr

5 yr

69
63

67
63

77
83

71
82

69
80

0.204
0.110

68
69

68
66

73
81

69
75

67
73

0.940
0.015

75
75
43
25

75
71
31
25

85
80
58
47

81
73
54
39

79
71
53
39

0.076
0.823
0.174
0.087

77
64
57

75
64
55

83
79
63

79
75
55

77
73
53

0.475
0.031
0.825

76
22

74
19

82
48

78
37

76
35

0.301
0.005

69
64

67
64

78
67

73
59

71
55

0.058
0.580

71
55

69
55

78
69

73
67

71
62

0.201
0.192

74
49

72
46

80
63

75
60

73
58

0.542
0.039

91
73
59

91
72
57

100
80
72

100
74
67

100
72
66

0.134
0.375
0.175

76
59
46
43
17

75
59
37
43
17

82
72
77
62
44

78
63
65
55
42

76
62
63
49
39

0.272
0.484
0.251
0.682
0.055

60
70

58
70

75
78

69
73

67
70

0.058
0.412
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> 15
79
Child-Pugh class
A
75
B
69
C
76
Fasting blood glucose, in mmol/L
≤7
72
>7
74
BMI, in kg/m2
< 18.5
63
18.5-24
73
24-28
76
> 28
77
ALP, in IU/L
≤ 112
80
> 112
63
GGT, in IU/L
≤ 54
85
> 54
67
AST, in IU/L
≤ 40
81
40-80
69
> 80
70
ALT, in IU/L
≤ 40
79
40-80
68
> 80
72
TC, in mmol/L
≤ 1.7
74
> 1.7
71
CH, in mmol/L
< 3.88
75
3.88-5.2
68
> 5.2
76
Pre-LT antitumor therapy
No
73
local therapy
68
Resection
81
HBeAg
Negative
72
Positive
77
HBV-DNA, in × 103 IU/mL
<1
75
>1
71
Post-LT HBsAg reinfection
Negative
73
Positive
70

76

72

79

76

74

0.534

71
65
71

69
61
71

78
77
76

72
72
73

70
70
71

0.672
0.052
0.610

68
69

67
67

77
70

72
68

70
63

0.154
0.914

57
70
69
69

57
68
69
63

80
77
78
76

72
72
73
71

69
70
71
67

0.223
0.216
0.524
0.774

75
60

73
57

81
71

75
67

73
65

0.747
0.056

84
60

82
58

87
70

82
65

80
63

0.957
0.101

76
65
65

73
65
62

84
78
66

79
72
61

78
70
58

0.201
0.103
0.767

76
63
65

75
60
64

82
77
65

79
70
60

77
68
58

0.318
0.033
0.376

69
68

67
65

78
66

73
63

71
60

0.113
0.894

70
66
68

68
64
68

78
79
66

74
72
60

72
71
57

0.175
0.092
0.415

68
66
77

67
66
70

78
70
83

72
67
79

70
64
76

0.061
0.939
0.758

69
69

66
69

78
75

71
74

70
71

0.095
0.633

69
68

68
65

78
76

74
70

72
67

0.165
0.256

69
60

67
60

77
72

73
60

70
58

0.092
0.899

BMI: Body mass index; DM: Diabetes mellitus; ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT:
Gamma-glutamyl transpeptidase; TG: Triglyceride; CH: Cholesterol; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; LT: Liver transplantation.

0.031), presence of vascular invasion (p = 0.005;
Figure 3B), presence of microsatellite lesions (P =
0.039) and ALT levels of 40-80 IU/L (p = 0.033;
Figure 3C) were associated with significant tumor
recurrence-free survival differences. DM patients with
these factors had poorer 1-, 3- and 5-year recurrencefree survival rates post-LT when compared with nonDM patients (Table 4). Analysis of the presence of
vascular invasion in DM patients found that 1-, 3- and
5-year recurrence-free post-LT survival rates were
28%, 22% and 19%, respectively, but 48%, 37% and
35% in non-DM patients, respectively. DM patients >
50 years of age had 1-, 3- and 5-year post-LT survival
rates of 73%, 69% and 66%, respectively, while nonDM patients had post-LT survival rates of 81%, 75%
and 73%, respectively. DM patients with ALT levels
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between 40 and 80 IU/L had 1-, 3- and 5-year postLT survival rates of 68%, 63% and 60%, respectively,
compared to post-LT survival rates of 77%, 70% and
68% in non-DM patients, respectively.
Trends were observed in tumor recurrence-free
survival differences between DM and non-DM patients
with AFP levels > 2000 ng/ml (p = 0.055) and with
AST levels >112 IU/L (p = 0.056).

Risk factors for overall survival and tumor recurrence
comparisons by multivariate analysis between HBV-HCC
patients with or without DM

The multivariate Cox modeling for overall survival
included sex, age, BMI, DM, number of tumor nodules,
tumor size, venous invasion, lymph node invasion,
capsular invasion, microsatellite lesions, Edmondson
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Figure 2 Overall survival rates of diabetes mellitus and non-diabetes
mellitus hepatocellular carcinoma patients with presence of vascular
invasion (A), age > 50 years (B), alanine aminotransferase levels > 40, ≤
80 IU/L (C). ALT: Alanine aminotransferase; DM: Diabetes mellitus.

Figure 3 Recurrence-free survival rates of diabetes mellitus and nondiabetes mellitus hepatocellular carcinoma patients with vascular invasion
and (A), age > 50 years (B), alanine aminotransferase levels between 40
and 80 IU/L (C). ALT: Alanine aminotransferase; DM: Diabetes mellitus.

grade, AFP level, Child-Pugh score, MELD score,
ALP, GGT, AST ALT, TC, CH, HBeAg, HBV DNA, preLT antitumor therapy and post-LT HBsAg reinfection.
Multivariate analysis (Table 5) revealed that DM [hazard
rate (HR) = 1.591; 95% confidence interval (CI):
1.239-2.041, p < 0.001] was an independent predictor
of poor survival, and that age (HR = 0.781, p = 0.017),
vascular invasion (p < 0.001), number of tumor
nodules ≥ 2 (HR = 1.695-2.342, p < 0.001), tumor
size > 5 cm (HR = 2.093-3.496, p < 0.00), AFP level

pre-LT > 1000 ng/ml (HR = 1.860-2.065, p ≤ 0.001),
ALT level > 40 IU/L (HR = 1.103-1.246, p ≤ 0.006),
GGT level > 54 IU/L (HR = 1.394, p = 0.010) and
ALP level > 112 IU/L (HR = 0.618, p = 0.018) were
independent predictors of poor survival. Additionally,
antitumor local therapy pre-LT was an independent
predictor of good survival.
In multivariate Cox modeling for tumor recurrence,
the variables analyzed were the same as those used
for multivariate analysis for overall survival. The
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Table 5 Multivariate proportional hazard model for overall survival after liver transplantation in 1631 patients with hepatitis B
virus-related hepatocellular carcinoma
Variables
Venous invasion, absent vs present
Pre-LT antitumor therapy
Local therapy
Resection
Age, ≤ 50 vs > 50
ALP, ≤ 112 IU/L vs > 112 IU/L
GGT, ≤ 54 IU/L vs > 54 IU/L
ALT
≤ 40 IU/L vs 40-80 IU/L
≤ 40 IU/L vs > 80 IU/L
Serum AFP level, in ng/mL
< 200 vs 200-400
< 200 vs 400-1000
< 200 vs 1000-2000
< 200 vs > 2000
Number of tumor nodules
Single vs 2-3
Single vs ≥ 4
Tumor size, in cm
≤ 3 vs 3-5
≤ 3 vs 5-7
≤ 3 vs > 7
DM, yes vs no

B

SE

Wald

P value

OR (95%CI)

0.893

0.117
0.138
0.212
0.104
0.111
0.128

0.340
0.496

0.123
0.141

0.525
0.399
0.621
0.725

0.185
0.163
0.189
0.160

0.528
0.851

0.138
0.124

0.152
0.739
1.252
0.464

0.132
0.149
0.152
0.128

0.000
0.032
0.021
0.284
0.017
0.018
0.010
0.001
0.006
0.000
0.000
0.004
0.014
0.001
0.000
0.000
0.000
0.000
0.000
0.252
0.000
0.000
0.000

2.442 (1.940-3.074)

-0.319
-0.227
-0.248
-0.264
0.332

57.882
7.129
5.368
1.146
5.655
5.630
6.681
13.416
7.575
12.396
30.829
8.097
6.012
10.804
20.569
47.936
14.631
47.265
78.643
1.314
24.596
67.571
13.230

1.375 (1.050-1.801)
0.797 (0.526-1.208)
0.781 (0.636-0.957)
0.768 (0.618-0.955)
1.394 (1.084-1.793)
1.404 (1.103-1.789)
1.642 (1.246-2.164)
1.691 (1.178-2.427)
1.491 (1.083-2.052)
1.860 (1.285-2.693)
2.065 (1.509-2.825)
1.695 (1.293-2.221)
2.342 (1.837-2.984)
1.164 (0.898-1.509)
2.093 (1.563-2.802)
3.496 (2.594-4.711)
1.591 (1.239-2.043)

LT: Liver transplantation; GGT: Gamma-glutamyl transpeptidase; AFP: α-fetoprotein; DM: Diabetes mellitus; ALT: Alanine aminotransferase.

Table 6 Multivariate proportional hazard model for tumor recurrence after liver transplantation in 1631 patients with hepatitis B
virus-related hepatocellular carcinoma
Variables
Venous invasion, absent vs present
Pre-LT antitumor therapy
Local therapy
Resection
GGT, ≤ 54 IU/L vs > 54 IU/L
TC, ≤ 1.7 mmol/L vs > 1.7 mmol/L
Serum AFP level, in ng/mL
< 200 vs 200-400
< 200 vs 400-1000
< 200 vs 1000-2000
< 200 vs > 2000
Number of tumor nodules
Single vs 2-3
Single vs ≥ 4
Tumor size, in cm
≤ 3 vs 3-5
≤ 3 vs 5-7
≤ 3 vs > 7

B

SE

Wald

P value

OR (95%CI)

0.780

0.124
0.138
0.230
0.131
0.165

0.330
0.031
0.378
0.794

0.198
0.193
0.212
0.158

0.377
0.763

0.144
0.130

0.143
1.112
1.402

0.146
0.150
0.158

0.000
0.005
0.003
0.215
0.006
0.010
0.000
0.096
0.872
0.075
0.000
0.000
0.009
0.000
0.000
0.329
0.000
0.000

2.182 (1.712-2.780)

-0.404
-0.285
0.360
0.425

39.825
11.093
8.555
1.536
7.559
6.682
27.634
2.767
0.026
3.161
25.372
34.680
6.885
34.674
110.647
0.953
55.206
78.831

1.498 (1.143-1.964)
0.752 (0.480-1.180)
1.433 (1.109-1.851)
1.530 (1.108-2.113)
1.391 (0.943-2.051)
1.032 (0.707-1.506)
1.459 (0.962-2.212)
2.213 (1.625-3.015)
1.457 (1.100-1.931)
2.144 (1.664-2.764)
1.154 (0.866-1.537)
3.042 (2.268-4.079)
4.065 (2.983-5.540)

LT: Liver transplantation; GGT: Gamma-glutamyl transpeptidase; AFP: α-fetoprotein.

multivariate analysis (Table 6) indicated that tumor
size > 5 cm (HR = 3.042-4.065, p < 0.001), tumor
nodule number ≥ 2 (HR = 1.457-2.144, p ≤ 0.009),
presence of vascular invasion (HR = 2.182, p <
0.001), AFP level > 2000 ng/ml (HR = 2.213, p <
0.001), GGT level > 54 IU/L (HR = 1.433, p = 0.006)
and TC >1.7 mmol/L (HR = 1.530, p = 0.010) were
independent predictors of tumor recurrence postLT. However, multivariate analysis indicated that DM
was not an independent predictor of post-LT tumor
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recurrence (p > 0.05).

DISCUSSION
Among the 1631 HCC patients enrolled in this study
with HBV-induced cirrhosis who underwent LT in
multiple institutions, univariate analysis indicated that
patients with DM had worse overall survival rates
than patients without DM. There was no significant
difference in tumor recurrence-free survival between
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patients with and without DM. Multivariate analysis
also indicated that DM was a significant independent
predictor of poor survival, but not of HCC recurrence
post-LT. This finding is consistent with previous studies
that reported decreased post-operative survival rates
[23,24,29-32]
in HCC patients with DM
.
To our knowledge, only two studies have compared
the impact of pre-LT DM on survival and tumor
[23,24]
recurrence in HCC patients after LT
. Connolly et
[23]
al
studied 191 LT-treated HCC patients (12 HBVrelated, 104 HCV-related and 81 other HCCs) and
determined that the median survival was 78.3 mo
for the non-DM patients, but only 31.1 mo for the
DM patients. However, no significant differences were
observed in survival between the two groups. Siegel et
[24]
al studied 342 patients with HBV-related HCC (16%)
and HCV-related (70%) HCC. They reported that DM
patients had worse overall survival than those without
diabetes. The reason for the different outcomes in
these studies is not clear, but the differences may be
partly attributable to the smaller patient populations
[23]
with HBV-related HCC in the Connolly et al
study.
Nonetheless, both studies determined that there was
no difference in tumor recurrence between DM and
non-DM patients. This finding is consistent with the
results of the current study.
Additionally, some studies have investigated the
post-surgical impact of DM on HBV- and HCV-related
[33-35]
[34]
HCC patient outcomes
. Huo et al
showed that
DM patients with HBV (but not HCV) had poor long[33]
term outcomes. However, Komura et al reported the
opposite results: DM patients with HCV (but not HBV)
exhibited poor long-term outcomes. Other studies
reported that DM had a similar impact on HCC patients
[35]
with HBV- and HCV-infection after surgical resection .
The reason for these different results is not clear. Our
current report is a multi-center study involving a larger
number of samples, and we reported that DM had a
significant effect on long-term survival post-LT in HBVrelated HCC patients, but not on HCC recurrence.
Vascular invasion, tumor size > 5 cm, and tumor
nodule number > 1 were also demonstrated by the
current study to be independent prognostic factors of
poor survival. These findings are also consistent with
previous studies which reported that vascular invasion,
tumor size (≤ 3 cm or ≤ 5 cm, or > 3 cm) and the
number of tumor lesions appears to affect prognosis in
[23,29,31,33]
DM patients compared with non-DM patients
.
The current findings suggest that DM may be related
to pathological features of tumors that affect long-term
survival post-LT in HBV-related HCC patients.
DM, obesity and metabolic syndrome (MS) are
related to each other, and are key pathogenetic factors
[36]
for non-alcoholic fatty liver disease (NAFLD) . It has
been reported that “metabolic epidemics” are probably
involved in the rise in incidence of HCC, and NAFLD has
[36]
been cited as the major causative factor . However,
although MS has been shown to predispose to NAFLD,
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and the latter has been associated with an increased
incidence of HCC, it has not been shown that MS is
a direct etiological factor for development of HCC.
While impaired glucose metabolism may be involved
in hepato-carcinogenesis, its role in the development
[37,38]
of HCC has not been proven
. In the current study,
DM patients with vascular invasion or microsatellite
lesions had worse tumor recurrence-free survival rates
when compared with non-DM patients. Connolly et
[23]
al
analyzed 191 HCC patients treated with LT, in
which 84 (44%) of the patients had DM, and found
macrovascular invasion in 20.2% of the DM patients
and 9.3% of the non-DM patients. By multivariate
analysis, they also found that DM was associated
with macrovascular invasion in HCC patients who
underwent LT. This supports the current findings that
DM may impact the risk of vascular invasion in HCC
patients treated with LT.
The current study suggests that DM may be related
to older age (> 50 years) and poor liver function
(ALT or AST levels 40-80 IU/L, Child-Pugh score B),
which may affect outcomes post-LT. A previous study
of 389 patients with HCC and cirrhosis by Ting et
[31]
al
reported that DM, Child-Pugh scores (B and C)
and AST levels were significant risk factors affecting
[32]
HCC prognosis after surgical resection. Huo et al
reported that elderly and DM patients were associated
with hepatic decompensation. Some previous studies
have suggested that DM patients with HCC have an
increased cumulative risk of hepatic decompensation
[24]
after partial hepatectomy . However, unlike partial
liver resection, LT offers a more radical oncologic
treatment: the complete replacement of a poorly
functioning liver with a normal one. Moreover,
large doses of hormones and calcineurin inhibitor
immunosuppressant drugs (used as anti-rejection
therapy post-LT) can increase blood glucose and
may induce or aggravate DM or make DM difficult to
control. This treatment regimen and its associated
side effects may contribute to an elevated incidence
of diabetic complications, and decrease survival postLT for HCC patients with DM (especially among older
patients). Thus, we suggest that factors contributing to
poor outcomes post-LT in DM patients compared with
non-DM patients may include advanced age, reduced
liver function and an increase in diabetes-associated
complications.
Additionally, the current study observed a survival
difference trend between DM and non-DM patients with
pre-LT AFP levels > 2000 ng/ml. The exact cause of
this result is not clear. To our knowledge, no previous
studies have reported this relationship between DM
and elevated serum AFP levels. Some data suggest
that hepatocyte damage or regeneration play a role
[39,40]
in increasing AFP levels
. Elevated serum AFP may
reflect both HCC progress and the severity of chronic
[40-42]
liver damage
. Chronic liver disease has been
[40,41]
reported to predispose patients to DM
. In our
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study, pre-LT DM patients had a higher proportion of
Child-Pugh grades B and C, and higher MELD scores
compared to non-DM patients. These findings suggest
that DM may be related to liver necrosis severity or
poor liver function, and that HBV-related HCC patients
with both DM and AFP levels > 2000 ng/ml may have
worse survival post-LT.
Several limitations of this study must be con
sidered. First, this study was retrospective. Second,
DM was determined based on medical history, fasting
glucose, medication use, oral glucose tolerance test
results or glycohemoglobin level. However, there
was no analysis of glycohemoglobin levels because
glycohemoglobin levels were not tested in some preLT patients. Third, the HBV DNA assay kits used varied
between the hospitals in this study and, therefore,
the specific kits used in each institution may have had
variable sensitivity and detection limits. However, these
results represent a large multi-center sample that
suggests that DM is a risk predictor for decreased longterm survival after LT in HBV-related HCC patients.
In conclusion, compared with non-DM patients, DM
patients exhibited decreased post-LT survival rates.
DM may be associated with various tumor pathological
features, older age and poor liver function, and these
factors may influence post-LT survival in HBV-related
HCC patients. However, no direct relation between DM
and HBV infection or HBV load were observed in HCC
patients. The current data suggest that DM may affect
the long-term post-LT survival of HBV-related HCC
patients, but not tumor recurrence. Thus, HBV-related
HCC patients with DM undergoing LT should be closely
followed to optimize postoperative outcomes. Followup examinations are especially important among
elderly DM patients, or those who have vascular
invasion and AFP levels > 2000 ng/ml pre-LT. These
factors need to be carefully considered when selecting
HCC patients for LT. Furthermore, a preventive strategy
pre- and post-LT for HCC patients with DM should be
established. A future prospective cohort study with
larger a sample size should be conducted to confirm
these observations.

Recently, it has been confirmed that non-alcoholic fatty liver disease (NAFLD) is
related to diabetes, obesity and metabolic syndrome, and has been cited as a
causative factor for the development of HCC. DM may be a potential risk factor
for tumor development.

Innovations and breakthroughs

This is the first report of a multi-center study in a large cohort to investigate the
potential associations between pre-existing DM with HBV-induced HCC, tumor
recurrence and long-term survival post-LT in patients without alcoholic fatty liver
disease.

Applications

DM may be associated with tumor pathological features, old age and poor liver
function, and may be a predictor of poor survival post-LT in HBV-related HCC
patients. The current data suggest that DM may affect the long-term survival
post-LT for HBV-related HCC patients, but not tumor recurrence. HCC patients
with DM undergoing LT should be closely monitored to optimize postoperative
outcomes during follow-up.

Terminology

NAFLD, the abnormal accumulation of fat in the liver, is related to obesity,
diabetes and metabolic syndrome. NAFLD has been linked clinically and
pathophysiologically to obesity, insulin resistance and type 2 DM, and can be
considered a new criterion of metabolic syndrome.

Peer-review

In this study, the authors investigated the potential associations between DM
with HBV-induced HCC, HCC recurrence and long-term survival after LT in a
large cohort. It is an interesting study and well-written manuscript. The results
can support the conclusion.

REFERENCES
1

2
3
4

5

ACKNOWLEDGMENTS
We thank the staff of the China Liver Transplant
Registry for medical data assistance and the patients
who participated in this study.

6

COMMENTS
COMMENTS

7

Background

In China, the major risk factor for the development of hepatocellular carcinoma
(HCC) is chronic hepatitis B virus (HBV) infection. Recently, an increased
incidence of HCC in the diabetic population has been reported, possibly due to
an increased incidence steatohepatitis. However, it is unknown whether diabetes
mellitus (DM) acts directly in the development of HCC in HBV- related cirrhosis
patients. Few studies have investigated the association between HBV, DM,
tumor recurrence and survival after liver transplantation (LT) in HCC patients.

WJG|www.wjgnet.com

8

9583

Custer B, Sullivan SD, Hazlet TK, Iloeje U, Veenstra DL,
Kowdley KV. Global epidemiology of hepatitis B virus. J Clin
Gastroenterol 2004; 38: S158-S168 [PMID: 15602165 DOI: 10.10
97/00004836-200411003-00008]
Liu J, Fan D. Hepatitis B in China. Lancet 2007; 369: 1582-1583
[PMID: 17499584 DOI: 10.1016/s0140-6736(07)60723-5]
McMahon BJ. The natural history of chronic hepatitis B virus
infection. Hepatology 2009; 49: S45-S55 [PMID: 19399792 DOI:
10.1002/hep.22898]
Xu J, Lin Y, Wang YP, Chen YX, Shi B, Lu J, Xie WF. Hepatitis
B virus DNA in patients with hepatitis B-related liver cirrhosis
with or without hepatocellular carcinomas: a matched case-control
study. J Dig Dis 2009; 10: 138-144 [PMID: 19426397 DOI:
10.1111/j.1751-2980.2009.00376.x]
Zheng Z, Zhang C, Yan J, Ruan Y, Zhao X, San X, Mao Y, Sun Q,
Zhang K, Fan Z. Diabetes mellitus is associated with hepatocellular
carcinoma: a retrospective case-control study in hepatitis endemic
area. PLoS One 2013; 8: e84776 [PMID: 24386416 DOI: 10.1371/
journal.pone.0084776]
Xu Y, Wang L, He J, Bi Y, Li M, Wang T, Wang L, Jiang Y, Dai M,
Lu J, Xu M, Li Y, Hu N, Li J, Mi S, Chen CS, Li G, Mu Y, Zhao J,
Kong L, Chen J, Lai S, Wang W, Zhao W, Ning G. Prevalence and
control of diabetes in Chinese adults. JAMA 2013; 310: 948-959
[PMID: 24002281 DOI: 10.1001/jama.2013.168118]
Atchison EA, Gridley G, Carreon JD, Leitzmann MF, McGlynn
KA. Risk of cancer in a large cohort of U.S. veterans with diabetes.
Int J Cancer 2011; 128: 635-643 [PMID: 20473855 DOI: 10.1002/
ijc.25362]
Hassan MM, Curley SA, Li D, Kaseb A, Davila M, Abdalla EK,
Javle M, Moghazy DM, Lozano RD, Abbruzzese JL, Vauthey JN.
Association of diabetes duration and diabetes treatment with the
risk of hepatocellular carcinoma. Cancer 2010; 116: 1938-1946
[PMID: 20166205 DOI: 10.1002/cncr.24982]

November 21, 2016|Volume 22|Issue 43|

Zhang Q et al . DM and HCC outcomes post-liver transplantation
9

10

11

12

13
14

15

16

17

18

19

20

21

22

23

24

Adami HO, Chow WH, Nyrén O, Berne C, Linet MS, Ekbom A,
Wolk A, McLaughlin JK, Fraumeni JF. Excess risk of primary liver
cancer in patients with diabetes mellitus. J Natl Cancer Inst 1996;
88: 1472-1477 [PMID: 8841022 DOI: 10.1093/jnci/88.20.1472]
Li Q, Li WW, Yang X, Fan WB, Yu JH, Xie SS, Liu L, Ma LX,
Chen SJ, Kato N. Type 2 diabetes and hepatocellular carcinoma: a
case-control study in patients with chronic hepatitis B. Int J Cancer
2012; 131: 1197-1202 [PMID: 22052244 DOI: 10.1002/ijc.27337]
Koh WP, Wang R, Jin A, Yu MC, Yuan JM. Diabetes mellitus
and risk of hepatocellular carcinoma: findings from the Singapore
Chinese Health Study. Br J Cancer 2013; 108: 1182-1188 [PMID:
23370206 DOI: 10.1038/bjc.2013.25]
Ko WH, Chiu SY, Yang KC, Chen HH. Diabetes, hepatitis virus
infection and hepatocellular carcinoma: A case-control study in
hepatitis endemic area. Hepatol Res 2012; 42: 774-781 [PMID:
22469194 DOI: 10.1111/j.1872-034X.2012.00979.x]
Kamangar F. Confounding variables in epidemiologic studies:
basics and beyond. Arch Iran Med 2012; 15: 508-516 [PMID:
22827790]
Yu MC, Tong MJ, Govindarajan S, Henderson BE. Nonviral risk
factors for hepatocellular carcinoma in a low-risk population, the
non-Asians of Los Angeles County, California. J Natl Cancer
Inst 1991; 83: 1820-1826 [PMID: 1660542 DOI: 10.1093/
jnci/83.24.1820]
Coughlin SS, Calle EE, Teras LR, Petrelli J, Thun MJ. Diabetes
mellitus as a predictor of cancer mortality in a large cohort of US
adults. Am J Epidemiol 2004; 159: 1160-1167 [PMID: 15191933
DOI: 10.1093/aje/kwh161]
Wang CS, Yao WJ, Chang TT, Wang ST, Chou P. The impact
of type 2 diabetes on the development of hepatocellular
carcinoma in different viral hepatitis statuses. Cancer Epidemiol
Biomarkers Prev 2009; 18: 2054-2060 [PMID: 19549812 DOI:
10.1158/1055-9965.epi-08-1131]
Demir M, Serin E, Göktürk S, Ozturk NA, Kulaksizoglu S,
Ylmaz U. The prevalence of occult hepatitis B virus infection
in type 2 diabetes mellitus patients. Eur J Gastroenterol
Hepatol 2008; 20: 668-673 [PMID: 18679070 DOI: 10.1097/
MEG.0b013e3282f55e1e]
Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, Montalto F, Ammatuna M, Morabito A, Gennari L.
Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl J Med 1996; 334:
693-699 [PMID: 8594428 DOI: 10.1056/nejm199603143341104]
Zhang Q, Chen X, Zang Y, Zhang L, Chen H, Wang L, Niu Y, Ren
X, Shen Z, Shang L. The survival benefit of liver transplantation
for hepatocellular carcinoma patients with hepatitis B virus
infection and cirrhosis. PLoS One 2012; 7: e50919 [PMID:
23236406 DOI: 10.1371/journal.pone.0050919]
Otto G, Heuschen U, Hofmann WJ, Krumm G, Hinz U, Herfarth
C. Survival and recurrence after liver transplantation versus liver
resection for hepatocellular carcinoma: a retrospective analysis.
Ann Surg 1998; 227: 424-432 [PMID: 9527066 DOI: 10.1097/000
00658-199803000-00015]
Sutcliffe R, Maguire D, Portmann B, Rela M, Heaton N. Selection
of patients with hepatocellular carcinoma for liver transplantation.
Br J Surg 2006; 93: 11-18 [PMID: 16329080 DOI: 10.1002/
bjs.5198]
Kaneda K, Uenishi T, Takemura S, Shinkawa H, Urata Y, Sakae
M, Yamamoto T, Kubo S. The influence of postoperative glycemic
control on recurrence after curative resection in diabetics with
hepatitis C virus-related hepatocellular carcinoma. J Surg Oncol
2012; 105: 606-611 [PMID: 22065536 DOI: 10.1002/jso.22137]
Connolly GC, Safadjou S, Kashyap R, Chen R, Orloff MS, Hezel
AF. Diabetes mellitus impacts risk of macrovascular invasion in
patients undergoing transplantation for hepatocellular carcinoma.
BMC Gastroenterol 2013; 13: 9 [PMID: 23317091 DOI:
10.1186/1471-230x-13-9]
Siegel AB, Lim EA, Wang S, Brubaker W, Rodriguez RD, Goyal
A, Jacobson JS, Hershman DL, Verna EC, Zaretsky J, Halazun K,
Dove L, Brown RS, Neugut AI, Kato T, Remotti H, Coppleson

WJG|www.wjgnet.com

25

26

27

28
29

30

31

32

33

34

35

36

37

38

9584

YJ, Emond JC. Diabetes, body mass index, and outcomes in
hepatocellular carcinoma patients undergoing liver transplantation.
Transplantation 2012; 94: 539-543 [PMID: 22864187 DOI:
10.1097/TP.0b013e31825c58ea]
Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A,
Ascher NL, Roberts JP. Liver transplantation for hepatocellular
carcinoma: expansion of the tumor size limits does not adversely
impact survival. Hepatology 2001; 33: 1394-1403 [PMID:
11391528 DOI: 10.1053/jhep.2001.24563]
Chen J, Xu X, Wu J, Ling Q, Wang K, Wang W, Zhang M, Shen
Y, Zhou L, Xie H, Zheng S. The stratifying value of Hangzhou
criteria in liver transplantation for hepatocellular carcinoma. PLoS
One 2014; 9: e93128 [PMID: 24676010 DOI: 10.1371/journal.
pone.0093128]
Xu B, Cheng J, Xu DP, Li XD, Mao YL, Wang HB, Ma HB, Hu
JH, Wang YD. Analysis of mutations at hepatitis B virus P gene in
lamivudine-refractory patients with chronic hepatitis B. Gan Zang
2008; 13: 104-107
American Diabetes Association. Standards of medical care in
diabetes--2012. Diabetes Care 2012; 35 Suppl 1: S11-S63 [PMID:
22187469 DOI: 10.2337/dc12-s011]
Toyoda H, Kumada T, Nakano S, Takeda I, Sugiyama K, Kiriyama
S, Tanikawa M, Sone Y, Hisanaga Y. Impact of diabetes mellitus
on the prognosis of patients with hepatocellular carcinoma. Cancer
2001; 91: 957-963 [PMID: 11251947 DOI: 10.1002/1097-0142(20
010301)91:5<957::AID-CNCR1085>3.0.CO;2-J]
Ikeda Y, Shimada M, Hasegawa H, Gion T, Kajiyama K, Shirabe K,
Yanaga K, Takenaka K, Sugimachi K. Prognosis of hepatocellular
carcinoma with diabetes mellitus after hepatic resection.
Hepatology 1998; 27: 1567-1571 [PMID: 9620328 DOI: 10.1002/
hep.510270615]
Ting CT, Chen RC, Chen CC, Liu MH, Chu D, Kuo NW.
Diabetes worsens the surgical outcomes in cirrhotic patients with
hepatocellular carcinoma. Tohoku J Exp Med 2012; 227: 73-81
[PMID: 22688467 DOI: 10.1620/tjem.227.73]
Huo TI, Lui WY, Huang YH, Chau GY, Wu JC, Lee PC,
Chang FY, Lee SD. Diabetes mellitus is a risk factor for hepatic
decompensation in patients with hepatocellular carcinoma
undergoing resection: a longitudinal study. Am J Gastroenterol
2003; 98: 2293-2298 [PMID: 14572582 DOI: 10.1111/
j.1572-0241.2003.07688.x]
Komura T, Mizukoshi E, Kita Y, Sakurai M, Takata Y, Arai
K, Yamashita T, Ohta T, Shimizu K, Nakamoto Y, Honda M,
Takamura T, Kaneko S. Impact of diabetes on recurrence of
hepatocellular carcinoma after surgical treatment in patients with
viral hepatitis. Am J Gastroenterol 2007; 102: 1939-1946 [PMID:
17573788 DOI: 10.1111/j.1572-0241.2007.01354.x]
Huo TI, Wu JC, Lui WY, Lee PC, Huang YH, Chau GY, Tsay SH,
Chang FY, Lee SD. Diabetes mellitus is a recurrence-independent
risk factor in patients with hepatitis B virus-related hepatocellular
carcinoma undergoing resection. Eur J Gastroenterol Hepatol
2003; 15: 1203-1208 [PMID: 14560154 DOI: 10.1097/00042737-2
00311000-00009]
Miyagawa S, Kawasaki S, Makuuchi M. Comparison of the
characteristics of hepatocellular carcinoma between hepatitis B
and C viral infection: tumor multicentricity in cirrhotic liver with
hepatitis C. Hepatology 1996; 24: 307-310 [PMID: 8690397 DOI:
10.1053/jhep.1996.v24.pm0008690397]
Scalera A, Tarantino G. Could metabolic syndrome lead to
hepatocarcinoma via non-alcoholic fatty liver disease? World
J Gastroenterol 2014; 20: 9217-9228 [PMID: 25071314 DOI:
10.3748/wjg.v20.i28.9217]
Howell J, Yiu M, Gibson R, Thomson B, Stella D, Gorelik A,
Prichard PJ, Nicoll AJ. Type 2 diabetes does not worsen prognosis
in hepatocellular carcinoma. Clin Res Hepatol Gastroenterol 2011;
35: 214-220 [PMID: 21501980 DOI: 10.1016/j.clinre.2010.11.002]
Wang WM, Xu Y, Yang XR, Wang YH, Sun HX, Fan J. Prognostic
role of diabetes mellitus in hepatocellular carcinoma patients after
curative treatments: a meta-analysis. Hepatobiliary Pancreat
Dis Int 2011; 10: 346-355 [PMID: 21813381 DOI: 10.1016/

November 21, 2016|Volume 22|Issue 43|

Zhang Q et al . DM and HCC outcomes post-liver transplantation

39
40

S1499-3872(11)60059-3]
Collazos J, Rodríguez J, de Miguel J. Serum alpha-fetoprotein
in liver cirrhosis. Rev Clin Esp 1993; 192: 214-216 [PMID:
7683438]
Liaw YF, Chen JJ, Chen TJ. Acute exacerbation in patients with
liver cirrhosis: a clinicopathological study. Liver 1990; 10: 177-184
[PMID: 1696678 DOI: 10.1111/j.1600-0676.1990.tb00455.x]

41
42

Kingston ME, Ali MA, Atiyeh M, Donnelly RJ. Diabetes mellitus
in chronic active hepatitis and cirrhosis. Gastroenterology 1984;
87: 688-694 [PMID: 6086443]
Del Vecchio Blanco C, Gentile S, Marmo R, Carbone L, Coltorti
M. Alterations of glucose metabolism in chronic liver disease.
Diabetes Res Clin Pract 1990; 8: 29-36 [PMID: 2153513 DOI:
10.1016/016]
P- Reviewer: Liu SH, Tarantino G S- Editor: Gong ZM
L- Editor: Filipodia E- Editor: Wang CH

WJG|www.wjgnet.com

9585

November 21, 2016|Volume 22|Issue 43|

World J Gastroenterol 2016 November 21; 22(43): 9586-9594
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i43.9586

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Ceruloplasmin, a reliable marker of fibrosis in chronic
hepatitis B virus patients with normal or minimally raised
alanine aminotransferase
Da-Wu Zeng, Jing Dong, Jia-Ji Jiang, Yue-Yong Zhu, Yu-Rui Liu
Telephone: +86-591-87981660
Fax: +86-591-83356180

Da-Wu Zeng, Jing Dong, Jia-Ji Jiang, Yue-Yong Zhu, Yu-Rui
Liu, Liver Center, The First Affiliated Hospital, Fujian Medical
University, Fuzhou 350005, Fujian Province, China

Received: July 10, 2016
Peer-review started: July 13, 2016
First decision: August 22, 2016
Revised: September 18, 2016
Accepted: October 10, 2016
Article in press: October 10, 2016
Published online: November 21, 2016

Author contributions: Zeng DW, Zhu YY and Liu YR designed
the research; Zeng DW performed the research; Dong J analyzed
the data; Zeng DW wrote the paper; Dong J and Jiang JJ revised
the paper.
Supported by Youth Foundation of the Health and Family
Planning Commission of Fujian Province, No. 2014-1-55.
Institutional review board statement: This study was reviewed
and approved by the Institutional Board of The First Affiliated
Hospital, Fujian Medical University.

Abstract
AIM
To develop a non-invasive model to evaluate significant
fibrosis and cirrhosis by investigating the association
between serum ceruloplasmin (CP) levels and liver
fibrosis in chronic hepatitis B (CHB) patients with
normal or minimally raised alanine aminotransferase
(ALT).
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give informed consent to the study because the analysis used
anonymized clinical data that were obtained after each patient
agreed to treatment by verbal consent. Individuals can not be
identified according to the data presented.
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METHODS
Serum samples and liver biopsy were obtained from
193 CHB patients with minimally raised or normal ALT
who were randomly divided into a training group (n
= 97) and a validation group (n = 96). Liver histology
was evaluated by the METAVIR scoring system.
Receiver operator characteristic curves were applied to
the diagnostic value of CP for measuring liver fibrosis
in CHB patients. Spearman rank correlation analyzed
the relationship between CP and liver fibrosis. A noninvasive model was set up through multivariate logistic
regression analysis.
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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
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Manuscript source: Invited manuscript

RESULTS
Serum CP levels individualized various fibrosis stages
via area under the curve (AUC) values. Multivariate
analysis revealed that CP levels were significantly
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[2]

and 4.38%, respectively . HBV-infected patients
can be healthy carriers, or develop chronic hepatitis,
which may lead to cirrhosis, end-stage liver failure,
or hepatocellular carcinoma (HCC). Anti-HBV
therapy reduces the risk of chronic hepatitis B (CHB)
[3]
developing into cirrhosis or HCC .
[4-6]
Based on the current practice guidelines
, a
serum alanine aminotransferase (ALT) level greater
than or equal to two times the upper normal limit
(ULN) - i.e., ALT ≥ 2 × ULN - represents an indication
for antiviral treatment in CHB patients. Therefore,
patients with ALT < 2 × ULN should be evaluated for
hepatic inflammation and fibrosis, and those who show
compensated cirrhosis and detectable HBV DNA can be
submitted to antiviral treatment, even with normal ALT
levels. Therefore, in some conditions, antiviral therapy
is based on the stage of liver fibrosis or ALT levels.
Indeed, 10%-37% of patients with persistently normal
serum ALT levels may progress to advanced fibrosis
[3,7,8]
or cirrhosis
. Therefore, it is essential to evaluate
liver fibrosis to make antiviral therapy decisions in CHB
patients with ALT < 2 × ULN.
Liver biopsy is still considered the “gold” standard
in assessing liver fibrosis. Nevertheless, the biopsy
procedure has some limitations such as invasiveness,
sampling variability, and cost. Moreover, liver
biopsy has been superseded to some extent by the
development of imaging techniques such as transient
elastography (TE), acoustic radiation force impulse
(ARFI), ultrasonography (US), computed tomography
[9-12]
(CT), and magnetic resonance imaging (MRI)
.
On the other hand, the high cost of (or poor access
to) modern imaging techniques may represent
additional limitations in the evaluation of liver fibrosis
in developing countries, which can preclude their use.
Serum markers of liver fibrosis and non-invasive
predictive models of fibrosis can evaluate fibrosis
specifically in HBV patients due to high applicability,
inter-laboratory reproducibility, wide availability for
[13-18]
repeated assays, and limited cost
. However, in
CHB patients with ALT < 2 × ULN, few non-invasive
approaches have been developed to evaluate liver
[14,19-21]
fibrosis
.
Ceruloplasmin (CP) is a serum glycoprotein
that contains six copper atoms per molecule and is
synthesized predominantly in the liver. Serum CP is
known as a typical diagnostic biomarker of Wilson’s
disease (WD), and is also decreased in marked renal
[22]
failure or enteric protein loss . In clinical practice,
serum CP may be routinely measured by antibodydependent assays, such as immunoturbidimetric
assay or nephelometry, which quantify the whole
concentration but do not test the CP activity. In
fact, CP activity could be a valuable marker not
only in patients with WD but also in hepatitis C
virus (HCV)-related cirrhosis patients with hepatic
[23]
encephalopathy . Interestingly, serum CP has been
shown as significantly lower in patients with severe

related to liver cirrhosis. Combining CP with serum GGT
levels, a CG model was set up to predict significant
fibrosis and liver cirrhosis in CHB patients with
normal or minimally raised ALT. The AUC, sensitivity,
specificity, positive predictive value, and negative
predictive value were 0.84, 83.1%, 78.6%, 39.6%, and
96.5% to predict liver cirrhosis, and 0.789, 80.26%,
68.38%, 62.25%, and 84.21% to predict significant
fibrosis. This model expressed a higher AUC than FIB-4
(age, ALT, aspartate aminotransferase, platelets) and
GP (globulin, platelets) models to predict significant
fibrosis (P = 0.019 and 0.022 respectively) and
revealed a dramatically greater AUC than FIB-4 (P =
0.033) to predict liver cirrhosis.
CONCLUSION
The present study showed that CP was indepen
dently and negatively associated with liver fibrosis.
Furthermore, we developed a novel promising model
(CG), based on routine serum markers, for predicting
liver fibrosis in CHB patients with normal or minimally
raised ALT.
Key words: chronic hepatitis B; liver biopsy; fibrosis;
cirrhosis; ceruloplasmin
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, few non-invasive approaches have
been developed to evaluate liver fibrosis and no studies
have proposed measuring ceruloplasmin (CP) levels
for predicting liver fibrosis in chronic hepatitis B (CHB)
virus patients with normal or minimally raised alanine
aminotransferase (ALT). This study showed CP was
independently and negatively associated with liver
fibrosis. Furthermore, a simple and accurate CG model
was developed to predict significant liver fibrosis and
cirrhosis in CHB patients with normal or mildly elevated
ALT. This model may be a valuable tool to replace liver
biopsy in this category of hepatitis B virus-infected
patients.
Zeng DW, Dong J, Jiang JJ, Zhu YY, Liu YR. Ceruloplasmin, a
reliable marker of fibrosis in chronic hepatitis B virus patients
with normal or minimally raised alanine aminotransferase. World
J Gastroenterol 2016; 22(43): 9586-9594 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i43/9586.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i43.9586

INTRODUCTION
Worldwide, an estimated 2 billion people are infected
by hepatitis B virus (HBV), with approximately 240
[1]
million being chronically infected . The weighted
prevalence of hepatitis B surface antigen (HBsAg)
in Chinese people aged 1-4 years, 5-14 years, and
15-29 years has been shown to be 0.32%, 0.94%,
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end-stage liver disease compared to patients with
[24]
other liver diseases, except for WD . However, little
is known of its relationship with liver fibrosis. Zeng
[25]
et al
found that serum CP levels were negatively
related to hepatic histological stage, and could be used
to predict liver fibrosis in CHB-related liver disease.
[26]
Nobili et al
showed that CP was associated with
the odds of nonalcoholic steatohepatitis (NASH),
inflammation, steatosis, and ballooning but not with
fibrosis.
To date, no studies have proposed CP levels as a
biological marker to predict fibrosis in CHB patients
with ALT < 2 × ULN. Therefore, the purpose of the
present study was to analyze the relationship between
liver fibrosis and serum CP levels, set up a predictive
model based on routine biological parameters to
predict fibrosis in HBV-infected patients with minimally
raised or steadily normal ALT, and compare its
diagnostic value with other non-invasive models such
as FIB-4 [aspartate aminotransferase (AST)/ALT/
platelets (PLT)/age], APRI (AST/PLT ratio index), PPT
[PLT/prothrombin time (PT)/total bile acid (TBA)], GP
(globin/PLT), and APPCI [α-fetoprotein (AFP)/PT/PLT/
CP] models.

samples containing more than 11 portal tracts of liver
tissue specimens (minimum was 6) with a length of 15
mm to 20 mm were obtained and fixed in 4% neutral
formalin before paraffin embedding, and stained with
Masson trichrome and hematoxylin-eosin-saffron
(HES) stains. The pathologist who reviewed all the
biopsy specimens was blinded to the clinical features.
Significant fibrosis was defined as fibrosis stage ≥ F2
[27]
as defined by the METAVIR scoring system .

Serum data

All serum samples were obtained within 1 wk prior to
liver biopsy. Some serum biochemical markers were
measured using an automatic biochemistry analyzer,
including ALT, AST, albumin, globulins, cholinesterase
(CHE), gamma glutamyl transpeptidase (GGT), TBA,
total bilirubin (TB), international normalized ratio
(INR), PT, PLT, white blood cell count (WBC), and AFP.
HBV DNA levels were measured through quantitative
PCR assay (PG Company, Shenzhen, China). The test
9
detection range was 500 to 1.0 × 10 IU/mL. HBsAg
was quantified via the Architect platform (Abbott
Laboratories, Chicago, IL, United States) as per
the manufacturer’s instructions, and was calibrated
according to the World Health Organization HBsAg
standard. Serum CP was tested by the nephelometric
immunoassay kit (BN II System; Siemens Healthcare
Diagnostics GmbH, Eschborn, Germany) with a lower
limit of detection of 200 mg/L.

MATERIALS AND METHODS
Patients

Between January 2009 and January 2016, 193 chro
nic HBV carriers were systematically enrolled at our
hospital (Liver Center, The First Affiliated Hospital
of Fujian Medical University). All patients showed
positivity for HBsAg for more than 6 mo, with normal or
minimally raised ALT and HBV DNA levels of more than
500 IU/ml. ALT was checked at least two times over a
6-mo observation period; our lab reference value was
40 IU/L. Minimally raised ALT levels were considered
[5]
as ALT levels < 2 × ULN . Patients with the following
conditions were excluded from the study: presence of
(1) other types of viral hepatitis; (2) HCC; (3) alcoholic
liver disease and nonalcoholic fatty liver disease; (4)
decompensated cirrhosis; (5) autoimmune hepatitis;
(6) concurrent infection with human immunodeficiency
virus; (7) hereditary liver diseases; and (8) drug‑induced
liver injury.
None of the patients received antiviral therapy
before liver biopsy. All patients were randomly se
parated into two groups: 97 patients constituted the
training group, and 96 were in the validation group.
The study protocol was approved by the Institutional
Review Board of our hospital.

Statistical analysis

The whole cohort (193 patients) was randomly
divided into a training group and a validation group.
Categorical data were expressed as n (%), the
abnormal distribution data were presented as median
with interquartiles (IQR), and normal distribution
data were presented as mean ± standard deviations
(SD). Categorical variables were compared by Pearson
chi-squared test or Mann-Whitney U test, whereas
continuous variates were compared with the twosample test or Mann-Whitney U test. Correlation
analysis was carried out by Spearman’s correlation
analysis. Receiver operating characteristic (ROC) curve
analysis was applied to assess the optimal diagnostic
CP value for significant fibrosis and cirrhosis. Univariate
logistic regression analysis was carried out to analyze
the important factors of liver fibrosis. Variables were
assessed by multivariate logistic regression modeling
using the forward selection method. Furthermore, a
ROC curve was created, from which area under the
ROC curve (AUROC), specificity, sensitivity, negative
predictive value (NPV), and positive predictive value
(PPV) were measured. The optimal cut-off value was
selected based on the maximization of Youden’s index.
A two-sided P < 0.05 was considered statistically
significant. Statistical analyses were carried out
with MedCalc for Windows v9.38 software (MedCalc
Software, Mariakerke, Belgium) and SPSS v22.0

Liver histology and fibrosis quantification

Using color Doppler ultrasound (ACUSON, Aspen
Advanced Ultrasound; Siemens Corporation, Mountain
View, CA, United States), liver biopsies were performed
in all recruited patients using a 16G Tru-Cut needle (TSK
Laboratory, Tochigi, Japan). For most biopsies, liver
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Table 1 Demographic, biological, and histological features for the training and validation groups
Variable
Age, in yr
Sex, n (%)
Male
Female
Total bilirubin, in μmol/L
Albumin, in g/L
Globulin, in g/L
ALT, in IU/L
AST, in IU/L
GGT, in IU/L
TBA, in mmol/L
ALP, in IU/L
CHE, in IU/L
AFP, in ng/mL
PT, in s
INR
HBsAg levels, in log IU/mL
HBV DNA levels, in logIU/mL
WBC, in 109/L
PLT, in 109/L
CP, in mg/L
Stage of fibrosis, n (%)
F1
F2
F3
F4

All (n = 193)

Training group (n = 97)

Validation group (n = 96)

P value

39.11 ± 9.31

38.70 ± 9.46

39.52 ± 9.18

0.542
0.601

138 (71.5)
55 (28.5)
12.3 (8.7-18.2)
42.21 ± 4.16
27.25 ± 4.36
37 (27-51)
30 (25.0-37.5)
27 (18.0-40.5)
5.9 (3.85-12.05)
69 (57.5-82.5)
8407.62 ± 2722.19
3.25 (2.19-6.32)
12.4 (11.9-13.1)
1.03 (0.98-1.09)
3.49 (3.12-3.97)
5.27 ± 1.70
5.63 ± 1.49
179 (144.5-214.5)
195.67 ± 35.62

71 (73.2)
26 (26.8)
11.4 (8.6-16.9)
42.46 ± 3.91
27.54 ± 4.84
35 (26.0-48.5)
30 (26-38)
25 (18-38)
6.5 (4.10-15.25)
69 (58.0-83.5)
8393.56 ± 2423.51
3.30 (2.30-6.70)
12.4 (11.95-13.15)
1.03 (0.99-1.10)
3.46 (3.08-3.90)
5.30 ± 1.67
5.66 ± 1.54
179 (153.5-214.5)
196.86 ± 35.45

67 (69.8)
29 (30.2)
12.9 (8.8-18.8)
41.94 ± 4.41
26.95 ± 3.81
38.5 (28-52)
29 (25-37)
27 (19-43)
5.45 (3.73-9.83)
68.5 (57.0-81.8)
8421.83 ± 3006.82
3.20 (2.03-5.08)
12.3 (11.80-12.97)
1.03 (0.98-1.08)
3.52 (3.16-4.03)
5.24 ± 1.74
5.59 ± 1.44
177 (128.0-214.8)
196.86 ± 35.45

76 (39.38)
44 (22.80)
42 (21.76)
31 (16.06)

42 (43.30)
23 (23.71)
18 (18.56)
14 (14.43)

34 (35.42)
21 (21.88)
24 (25.00)
17 (17.70)

0.352
0.387
0.345
0.378
0.806
0.577
0.146
0.990
0.943
0.377
0.061
0.553
0.501
0.791
0.723
0.208
0.643
0.164

AFP: α-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CHE: Cholinesterase; CP: Ceruloplasmin; GGT: Gamma glutamyl
transpeptidase; HBV: Hepatitis B virus; PLT: Platelet count; PT: Prothrombin time; TBA: Total bile acid; WBC: White blood cell count.

Table 2 Serum ceruloplasmin levels distinguish different stages of fibrosis as measured by area under the curve values (n = 97)
Fibrosis stages
F≥2
F=4

AUC (95%CI)

Cut-off point

Sensitivity

Specificity

PPV

NPV

0.776 (0.711-0.841)
0.767 (0.691-0.843)

≤ 194

86.84%
54.32%

58.98%
90.33%

28.83%
51.80%

95.91%
91.18%

≤ 186

AUC: Area under the receiver operator characteristic curve; NPV: Negative predictive value; PPV: Positive predictive value.

statistical software (SPSS Inc, Chicago, IL, United
States).

CP levels for predicting liver fibrosis are presented in
Table 2. Serum CP levels produced AUC values of 0.776
and 0.767 for fibrosis stages F2 and F4, respectively.
Based on the Youden’s index, the optimal level of
serum CP to predict fibrosis was set at 186 mg/L with
a specificity of 90.33% and a sensitivity of 54.32%, a
NPV of 91.18%, and a PPV of 51.80% for F ≥ 4, while
194 mg/L for F ≥ 2 gave a specificity of 58.98%,
sensitivity of 86.84%, NPV of 95.91%, and PPV of
28.83%.

RESULTS
Patient data

Of the total number of recruited patients (n = 239),
46 were excluded from this study due to previous
antivirus therapy, concomitant liver disease, or missing
data. Ultimately, 193 patients were included. Among
these patients, 138 (71.5%) were male. Demographic,
bioclinical features, and liver biopsy data of patients
with ALT < 2 × ULN are presented in Table 1. Serum
CP levels showed a moderate but significant inverse
relationship with liver fibrosis (r = -0.561, P < 0.001).
Among all studied variables there were no significant
differences between the validation and the training
groups (Table 1).

Model development

Two markers (CP and GGT) were further identified as
cirrhosis predictors by multivariate logistic regression
analysis. Univariate logistic regression analysis showed
a significant relationship between cirrhosis and these
serum biomarkers (P < 0.05) in the training group
(Table 3). We then constructed a model combining
CP and GGT, and its diagnostic value was measured
by ROC curve, showing an AUC value of 0.840 in the
training group. No significant differences were found
between the AUCs of the training and validation groups

Predictive value of serum CP for significant fibrosis and
cirrhosis

The AUC values, sensitivity, and specificity of serum
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1.0

Table 3 Variables associated with the presence of cirrhosis
(F4) in the training group
P value

Age, in yr
Male sex, in %
TB, in mmol/L
Albumin, in g/L
Globulin, in g/L
ALT, in IU/L
AST, in IU/L
ALP, in IU/L
GGT, in IU/L
TBA, in mmol/L
CHE, in IU/L
PT, in s
INR
WBC, in 109/L
PLT, in 109/L
AFP, in ng/mL
HBsAg levels, in
logIU/mL
HBV DNA levels, in
logIU/mL
CP, in mg/L

38.9 ± 8.9
70.37%
11.1 (8.6-17.5)
42.8 ± 3.7
27.4 ± 5.1
34 (26-46)
29 (24-37)
69 (58-83)
24 (17-34)
6.3 (4.1-14.6)
8669.1 ± 2421.8
12.4 (11.9-12.9)
1.03 (0.98-1.08)
5.69 ± 1.54
183 (163-218)
2.9 (2.1-5.0)
3.44 (3.05-4.0)

37.6 ± 12.6
77.41%
13.5 (10.1-15.8)
40.5 ± 4.5
28.2 ± 3.2
44.5 (24.3-56.8)
32.5 (29.5-44.0)
70 (61-93)
55 (33.5-79.3)
9.8 (4.7-20.6)
6760.2 ± 1737.5
13.5 (12.4-14.5)
1.12 (1.02-1.20)
5.49 ± 1.60
155 (131-175)
10.75 (5.10-28.45)
3.49 (3.39-3.67)

0.632
0.255
0.429
0.039
0.590
0.281
0.064
0.528
< 0.001
0.216
0.006
0.011
0.019
0.649
0.002
< 0.001
0.910

5.26 ± 1.69

5.57 ± 1.56

0.515

201.9 ± 34.6

167.0 ± 24.9

< 0.001

0.8

Sensitivity

≥ F4

0.6
0.4
0.2
0.0
0.0

0.2

0.4
0.6
1 - specificity

0.8

1.0

Figure 1 Receiver operating characteristic curves of six non-invasive
models - FIB-4, APPCI, GP, APRI, CG, and PPT - to predict liver cirrhosis
in the whole cohort.
1.0
CG
FIB-4
APRI
PPT
APPCI
GP
Reference line

0.8

Sensitivity

≤ F3

Variable

CG
FIB-4
APRI
PPT
APPCI
GP
Reference line

AFP: α-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; CHE: Cholinesterase; CP: Ceruloplasmin; GGT: Gamma
glutamyl transpeptidase; HBV: Hepatitis B virus; PLT: Platelet count; PT:
Prothrombin time; TBA: Total bile acid; WBC: White blood cell count.

0.6
0.4
0.2

Table 4 Summary of CG model validity in training and
validation groups
Variable
AUC
Sensitivity
Specificity
PPV
NPV

Training group (n = 97)

0.0
0.0

0.4
0.6
1 - specificity

0.8

1.0

Validation group (n = 96)

F=4

F≥2

F=4

F≥2

0.84
83.10%
78.60%
39.60%
96.50%

0.797
83.30%
67.30%
76.94%
75.48%

0.792
74.70%
88.20%
57.70%
94.20%

0.778
79.40%
67.70%
76.29%
71.51%

Figure 2 Receiver operating characteristic curves of six non-invasive
models - FIB-4, APPCI, GP, APRI, CG, and PPT - and models to predict
significant fibrosis in the whole cohort.

67.70%, 76.29%, and 71.51% for the validation group,
respectively.

AUC: Area under the receiver operating characteristic curve; NPV: Negative
predictive value; PPV: Positive predictive value.

Comparing CG model with FIB-4, PPT, APPCI, APRI, and
GP models

All the models showed very good NPV (> 90%),
except FIB-4. CG, PPT, APRI, GP, and APPCI models all
had high sensitivity (> 70%). The predictive value of
the CG model for cirrhosis (F4) is presented in Table 5.
After comparing the AUC of the CG model with that of
the other five non-invasive models, we found that the
CG model had a significantly greater AUC than FIB-4 (P
< 0.05) (Table 5, Figure 1).
When the CG model was used to identify significant
fibrosis in all patients, its predictive value had a higher
AUC than the FIB-4 and GP models (P < 0.05), but
was not statistically significant from the PPT, APRI, and
APPCI models (P > 0.05) (Table 6, Figure 2).

(Z = 0.646, P = 0.518) (Table 4). When the model
was applied to the validation group, the AUC remained
high (0.792).
We constructed the following CG model: 3.76-0.034
× CP (mg/L) + 0.013 × GGT (IU/L). The optimal value
for predicting cirrhosis from this CG model was -1.38.
The values for sensitivity, specificity, PPV, and NPV
of the CG model were 83.1%, 78.6%, 39.6%, and
96.5% for the training group, respectively, and 74.7%,
88.2%, 57.7%, and 94.2% for the validation group,
respectively. The optimal cut-off value of -2.315 was
applied to identify significant fibrosis in the training
group, with an AUC of 0.797.
Training and validation groups showed no significant
differences in the AUCs (Z = 0.295, P = 0.768). The
values for sensitivity, specificity, PPV, and NPV of the
CG model were 83.3%, 67.3%, 66.0%, and 84.1%
for the training group, respectively, and 79.40%,
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0.2

DISCUSSION
Identifying the degree of liver fibrosis in CHB patients
is important for determining antiviral therapeutic
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Table 5 Validity of APRI, FIB-4, PPT, and APPCI models for prediction of cirrhosis, and comparison with the CG model (n =
193)
Model

AUC (95%CI)

Youden’s
index

Sensitivity

Specificity

PPV

NPV

Z value

P value

CG
FIB-4
APRI
PPT
APPCI
GP

0.812 (0.740-0.883)
0.679 (0.581-0.777)
0.775 (0.698-0.852)
0.777 (0.671-0.883)
0.859 (0.789-0.929)
0.742 (0.647-0.838)

0.567
0.318
0.416
0.512
0.592
0.420

72.84%
52.23%
64.20%
80.25%
75.31%
70.99%

83.88%
80.65%
77.43%
70.97%
83.89%
70.97%

46.37%
34.06%
34.52%
34.59%
47.21%
31.87%

94.17%
89.82%
91.46%
94.94%
94.67%
92.75%

2.138
0.688
0.535
-0.910
1.140

0.0331
0.491
0.593
0.363
0.254

1

Indicates significant differences compared with the CG model. AUC: Area under the receiver operating characteristic curve; NPV: Negative predictive
value; PPV: Positive predictive value.

Table 6 Validity of APRI, FIB-4, PPT, and APPCI models for prediction of minimal fibrosis (F0-F1), and comparison with the CG
model (n = 193)
Model

AUC (95%CI)

Youden’s
index

Sensitivity

Specificity

PPV

NPV

Z value

P value

CG
FIB-4
APRI
PPT
APPCI
GP

0.789 (0.727-0.852)
0.671 (0.595-0.747)
0.736 (0.666-0.805)
0.741 (0.672-0.810)
0.818 (0.760-0.877)
0.675 (0.601-0.749)

0.486
0.271
0.354
0.380
0.544
0.325

80.26%
72.37%
78.95%
64.47%
89.47%
82.89%

68.38%
54.69%
56.42%
73.51%
64.96%
49.58%

62.25%
50.92%
54.06%
61.26%
62.39%
51.64%

84.21%
75.29%
80.49%
76.10%
90.47%
81.69%

2.339
1.100
1.012
-0.661
2.295

0.0191
0.271
0.312
0.509
0.0221

1

Indicates significant differences compared with the CG model. AUC: Area under the receiver operating characteristic curve; NPV: Negative predictive
value; PPV: Positive predictive value.

options and for monitoring the efficacy of antiviral
treatment, especially in patients who have normal or
[2,5,6]
mildly raised ALT
.
Liver biopsy remains the “gold” standard in asses
sing fibrosis, but it has limitations. Non-invasive
predictive models of fibrosis are therefore needed.
Single markers have been proposed such as platelet
count, AST and ALT, gamma-globulins, serum HBsAg
levels, CP, red blood cell distribution width, Interleukin2R, TGF-α, serum Golgi protein 73 (GP73), and
[13,14,16,17,25,28-31]
miR-122
. However, currently, none of
these markers are sufficiently liver-specific enough to
accurately reflect fibrosis. Thus, serum markers are
commonly combined to improve diagnostic sensitivity
and specificity.
CP, which is an acute phase protein mostly syn
thesized in the liver, has been proposed to assess
ballooning, steatosis, and inflammation in patients
with liver fibrosis that are CHB carriers and afflicted
[25,26]
by NASH
. We previously developed a new noninvasive model of APPCI to predict liver cirrhosis in
CHB patients presenting different ALT levels and found
that serum CP was a new marker, negatively correlated
[25]
with liver fibrosis . In the present study, we extended
these results to CHB carriers with normal or minimally
raised ALT. CP AUCs to predict F ≥ 2 were 0.776 with
good sensitivity and NPV%. For predicting F ≥ 4,
the AUCs data were 0.767 with good specificity and
NPV. The mechanism whereby CP decreases during
fibrosis increase could be due to a selective decrease
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of hepatocyte synthesis, although this group of CHB
patients did not exhibit significant signs of global
hepatocellular insufficiency. Further studies are needed
to elucidate the links between CP and liver fibrosis.
From a practical standpoint, CP determination, given
its simplicity, may represent a valuable marker of liver
fibrosis and may contribute to reducing the need for
liver biopsy.
As no single serum parameter can accurately
or reliably predict liver fibrosis, combining serum
biomarkers has become the preferred approach.
Assessing a set of 19 potential biochemical markers of
fibrosis, we developed the best logarithmic CG model
for predicting liver significant fibrosis and cirrhosis,
which consisted of a combination of two common
clinical variables (CP and GGT). Our CG model provided
AUCs of 0.840 and 0.792 to predict liver cirrhosis in
the training and validation groups, respectively. GGT,
which is associated with hepatocyte growth factor, has
[32]
been related to liver fibrosis in CHB patients . GGT
could be increased by early cholestasis or an increase
of epidermal growth factor, which could explain the
relationship between increased GGT and fibrosis
[33]
severity .
Significant differences of serum HBsAg levels have
[34-37]
been observed in the process of HBV infection
.
[38]
Martinot-Peignoux et al
observed no relationship
between HBsAg levels and liver fibrosis in treatmentnaive CHB patients with hepatitis B e antigen (HBeAg)
[39]
negativity. Seto et al
reported that HBsAg levels
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can predict liver fibrosis in CHB patients with HBeAg
positivity. In our previous study, serum HBsAg levels
were found to be significantly related to liver fibrosis
during the immune clearance phase.
Depending on the dual standard of both serological
and histological profiles, our recent study showed that
serum HBsAg level can help identify patients in the
immune tolerance phase with potential liver injury,
but not in the immune-clearance (IC), low-replicative
[37]
(LR), and HBeAg-negative hepatitis (ENH) phases .
These data can explain the results of our present study
in which serum HBsAg level was not an independent
predictor of fibrosis, since this retrospective cohort
study included both HBeAg(+) and HBeAg(-) CHB
patients with various levels of HBV DNA and normal or
mildly elevated ALT.
Most non-invasive tests, including FIB-4, European
®
®
Liver Fibrosis (ELF) score, FibroTest , HepaScore ,
[40-44]
and APRI
, were first developed to assess liver
fibrosis in chronic hepatitis C patients. Whether they
are also applicable to CHB patients, however, is yet
to be demonstrated. Therefore, new non-invasive
models were recently developed to detect liver fibrosis
[19,25,45,46]
in patients with CHB
. Compared with FIB-4
and GP, our CG model showed much greater AUC than
FIB-4 to the GP model.
To date, the APRI test has been recommended
via international guidelines for CHB patient liver
[5,6]
[47]
biopsy . Wang et al
were the first to validate the
performance of APRI in CHB patients with low serum
ALT activity. But they only validated APRI to predict
significant fibrosis (≥ F2) with an AUC of 0.77, not to
predict liver cirrhosis. In our study, APRI had AUCs of
0.736 and 0.775 for predicting significant fibrosis and
cirrhosis, respectively, and APRI could detect CHBrelated fibrosis with only moderate sensitivity and
specificity.
The current study has several limitations. Firstly,
a perfect non-invasive model would require very high
sensitivity and specificity, with an AUC of the maximum
theoretical value (1.0). In fact, none of the models can
achieve both perfect sensitivity and specificity. Indeed,
“spectrum bias” due to over-representation of extreme
fibrosis stages (F0 and F4) is difficult to avoid. In order
to prevent this “spectrum bias”, the adjustment of AUC
using the DANA or the Obuchowski methods would be
relevant but could not be used in the present study,
since we pooled stages F0-F1 given the limited number
[45,46]
of F0
. Secondly, CP levels were tested at different
time periods. Thirdly, although an internal validation
was carried out from a randomly chosen cohort, a
prospective external validation should be performed.
Fourthly, in this study, serum CP was tested by
nephelometry, which could not distinguish the CP in
active or inactive form. In the future, the method of
automation of o-dianisidine assay may be preferred to
[48]
test the CP activity .
In conclusion, we established a simple and accurate
CG model to predict significant liver fibrosis and
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cirrhosis in CHB patients with normal or mildly elevated
ALT. This model may be a valuable tool for avoiding
liver biopsy in this category of HBV-infected patients.
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Abstract
AIM
To evaluate the agreement of multichannel intra
luminal impedance-pH monitoring (MII-pHM) and
gastroesophageal reflux scintigraphy (GES) for the
diagnosis of gastroesophageal reflux disease.
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Conflict-of-interest statement: There are no potential conflicts
of interest for any of the authors.

METHODS
Seventy-five consecutive patients with suspected

Data sharing statement: No additional data are available.
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gastroesophageal reflux disease (GERD) underwent
24-h combined MII-pHM recording and one hour
radionuclide scintigraphy during the course of the MIIpHM study. Catheters with 6 impedance channels and
1 pH sensor were placed transnasally. Impedance
and pH data analysis were performed automatically
and manually. For impedance monitoring, reflux was
defined as a retrograde 50% drop in impedance,
starting distally and propagating retrogradely to at
least the next two more proximal measuring channels.
Reflux index (RI, percentage of the entire record that
esophageal pH is < 4.0) greater than 4.2% for pHM
and number of refluxes more than 50 for 24 h for MII
were accepted as positive test results. At scintigraphy,
240 frames of 15 seconds duration were acquired
in the supine position. Gastroesophageal reflux was
defined as at least one reflux episode in the esophagus.
After scintigraphic evaluation, impedance-pH recordings
and scintigraphic images were evaluated together and
agreement between tests were evaluated with Cohen’s
kappa.

identified yet. Each method has its own advantages
and disadvantages. This study aimed to evaluate the
agreement of multichannel intraluminal impedance-pH
monitoring and gastroesophageal reflux scintigraphy,
which is used frequently all over the world for the
diagnosis of GERD. No or slight agreement between
tests was found. New diagnostic standards for
scintigraphy in GERD should be defined.
Uslu Kızılkan N, Bozkurt MF, Saltık Temizel IN, Demir H, Yüce
A, Caner B, Özen H. Comparison of multichannel intraluminal
impedance-pH monitoring and reflux scintigraphy in pediatric
patients with suspected gastroesophageal reflux. World J
Gastroenterol 2016; 22(43): 9595-9603 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i43/9595.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i43.9595

INTRODUCTION
Gastroesophageal reflux (GER) is defined as the
passage of gastric contents into the esophagus which
[1]
is usually physiological and common in childhood .
It is defined as gastroesophageal reflux disease
(GERD) when it causes troublesome symptoms
and/or complications. It is important to distinguish
physiological GER events from GERD. A variety of
tests for the diagnosis of GERD are available: 24-h
esophageal pH monitoring (pHM), multichannel
esophageal intraluminal impedance testing (MII),
combined MII and pHM (MII-pHM), gastroesophageal
reflux scintigraphy (GES), upper gastrointestinal
barium contrast radiography, esophagoscopy and
[1,2]
biopsy, motility studies and ultrasonography . Each
of these tests for the diagnosis of GERD in the pediatric
population has advantages and limitations and none
of them is ideal. In children old enough to describe
their symptoms reliably, the diagnosis of GERD can
be made clinically and it is generally not necessary to
perform diagnostic tests.
MII-pHM detects acidic, weakly acidic and nonacidic
reflux episodes, can accurately detect the height
of the refluxate, is able to determine whether the
refluxate is liquid, gas or mixed (both liquid and gas),
can still measure symptom association with GER
even while the patient is taking acid-suppression
medications and is superior to pH monitoring alone
for evaluation of the temporal relationship between
symptoms and GER. However, MII/pHM is expensive
[1,3-10]
and time consuming
. Additionally, the specificity
of automated analysis (AA) is low, inter- and
intraobserver variability is large and agreement with
[11-13]
automated analysis is poor
. Manual analysis
may take 3 h depending on the experience of the
investigator and the number of reflux episodes to be
analyzed. Another limitation of MII-pHM use is that it
is not commonly available and normal values for all

RESULTS
Sufficient data was obtained from 60 (80%) patients
(34 male, 56.7%) with a mean age of 8.7 ± 3.7 years
(range: 2.5-17.3 years; median: 8.5 years). Chronic
cough, nausea, regurgitation and vomiting were
the most frequent symptoms. The mean time for
recording of MII-pHM was 22.8 ± 2.4 h (range: 16-30
h; median: 22.7 h). At least one test was positive in
57 (95%) patients. According to diagnostic criteria,
GERD was diagnosed in 34 (57.7%), 44 (73.3%), 47
(78.3%) and 51 (85%) patients by means of pHM,
MII, GES and MII-pHM, respectively. The observed
percentage agreements/κ values for GES and pHM,
GES and MII, GES and MII-pHM, and MII and pHM
are 48.3%/-0.118; 61.7%/-0.042; 73.3%/0.116 and
60%/0.147, respectively. There was no or slight
agreement between GES and pHM alone, MII alone
or MII-pHM. pH monitoring alone missed 17 patients
compared to combined MII-pHM. The addition of MII
to pH monitoring increased the diagnosis rate by 50%.
CONCLUSION
No or slight agreement was found among pH moni
toring, MII monitoring, MII-pH monitoring and GES for
the diagnosis of gastroesophageal reflux disease.
Key words: Gastroesophageal reflux disease; Children;
Multichannel intraluminal impedance; Esophageal pH
monitoring; Scintigraphy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastroesophageal reflux (GER) is usually
physiological, common in childhood and defined as
GER disease (GERD) when it causes troublesome
symptoms and/or complications. Unfortunately,
the ideal diagnostic method for GERD has not been
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[5-9]

age groups have not yet been established . Despite
these limitations, studies in the last decade have
revealed that this method can be the golden diagnostic
[14]
method for GER detection .
Nuclear imaging scintigraphy is more widely
available worldwide than pHM and/or MII-pHM. It is
simple, noninvasive, can detect not only reflux event
but also aspiration, abnormal esophageal contractions
and delayed gastric emptying, it usually takes one hour
to perform the procedure and is accepted by many
pediatricians as an additional diagnostic test for the
diagnosis and follow-up of GER in infants and children.
It also allows quantification of gastric emptying and
detection of reflux aspiration into the bronchial system.
It also has some disadvantages as the performance
and interpretation of the test can show some variations
between centers as the standards of the test are
poorly established. Showing only postprandial refluxes
independently of pH lowers its diagnostic value as
it is already known that GER occurs mostly in the
[15-22]
postprandial period
. The European (ESPGHAN)
and North American (NASPGHAN) Societies for
Pediatric Gastroenterology, Hepatology and Nutrition
do not recommend GES in the routine diagnosis and
management of GER in infants and children because of
[1]
the low sensitivity of the test .
The primary aim of this study is to evaluate the
agreement of GES, which is used frequently all over
the world for the diagnosis of GERD and MII-pH
monitoring. We also aimed to investigate the sensitivity
and specificity of pHM alone and GES compared to
MII-pHM and vice versa.

sensor was confirmed by radiographic evaluation. The
catheter was connected to a data logger which stores
data from impedance channels with a frequency of
50 Hz and pH sensor of 1 Hz. Children received their
regular diets except acidic drinks and were asked to
keep at least 4 h intervals between meals.
Impedance and pH data analysis were performed
automatically by using MMS Investigation and
®
Diagnostic Software , the Netherlands. All tracings
were also manually reviewed by investigators (HÖ,
NUK) experienced in interpretation of pH-impedance
recording. For impedance monitoring, reflux was
defined as a retrograde 50% drop in impedance,
starting distally and propagating retrogradely to
at least the next two more proximal measuring
[24]
channels . A GER episode was then defined as
acidic (pH < 4), weakly acidic (pH between 4 and 7)
or alkaline (pH > 7) according to the associated pH
change. Physical composition of the refluxate was also
identified and MII detected episodes were divided into
liquid and mixed. Reflux index (RI, percentage of the
entire record that the esophageal pH is < 4.0) greater
than 4.2% for pHM and number of refluxes for 24 h
more than 50 for MII were accepted as positive test
[24-28]
results
.

Gastroesophageal reflux scintigraphy

The scintigraphy was performed during the course of the
MII-pH study after a fasting of 4 h using technetium99m tin colloid (7 microCi/kg body weight or 0.74
megabecquerel/kg bw, minimum dosage 200 microCi
and maximum dosage 500 microCi) administered orally
in a mixture of thick orange juice for patients older than
3 years and milk or formula for patients younger than 3
years old (20 mL/kg body weight, maximum 300 mL).
After swallowing 30 mL of radiolabeled test liquid, the
patient was given the remaining portion of unlabeled
orange juice or milk/formula. Patients lay in the supine
position under the gamma camera for 1 h and were
kept immobile with velcro straps. Two hundred and
forty frames of 15 s duration were acquired in a 64 ×
64 matrix. At the beginning of scintigraphy, the time
shown by the ambulatory impedance-pH recorder
was recorded. All results were visually analyzed
for the occurrence of reflux by two investigators
(Bozkurt MF, Caner B). No quantitative analysis was
performed. Gastroesophageal reflux was defined as at
least one reflux episode in the esophagus defined as
linear activity emerging from stomach to esophageal
[15]
trajectory in dynamic scintigraphic imaging .
After scintigraphic evaluation, impedance-pH
recordings and scintigraphic images were evaluated
together (Uslu Kızılkan N, Özen H, Bozkurt MF, Caner B)
and agreement among three tests were recorded.

MATERIALS AND METHODS
Patient population

Seventy-five consecutive patients referred to
Hacettepe University Pediatric Gastroenterology,
Hepatology and Nutrition Unit for suspected GERD
were enrolled in the study. Patients younger than 24
mo were excluded.

Multichannel intraluminal impedance-pH monitoring

All patients underwent 24-h combined MII-pHM
recording (MMS Ohmega Ambulatory Impedance and
pH Recorder, the Netherlands). All of the subjects had
been taken off proton pump inhibitors, histaminereceptor antagonists and prokinetics at least 72
h before the study. Impedance catheters with 7
impedance (6 channels) and 1 pH sensors (Unisensor,
Attinkon, Switzerland) were used. A pH sensor was
placed at 3 cm while impedance sensors were placed
at 1-3-5-7-9-11-13 cm. Before the procedure, the pH
recorder was calibrated using buffered solutions of
pH 1.0 and pH 7.0, as specified by the manufacturer.
The catheter was placed through the nose and the
pH sensor was placed at 87% of the nares-lower
[23]
esophageal sphincter distance . Placement of the pH
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Table 1 Comparison of pH monitoring and gastroesophageal
reflux scintigraphy
Gastroesophageal
Gastroesophageal
scintigraphy positive scintigraphy negative
pH monitoring
positive
pH monitoring
negative
Total

Table 2 Comparison of multichannel intraluminal impedance
monitoring and gastroesophageal reflux scintigraphy

Total

25

9

34

22

4

26

47

13

60

MII monitoring
positive
MII monitoring
negative
Total

Gastroesophageal
scintigraphy positive

Gastroesophageal
scintigraphy negative

Total

34

10

44

13

3

16

47

13

60

Kappa value= -0.118 [P = 0.302, 95%CI: -0.232-(-0.004)]; Overall percent
agreement = 48.3%; When pH monitoring is considered as reference test,
positive percent agreement = 73.5% and negative percent agreement =
15.4%.

Kappa value = -0.042 (P = 0.741, 95%CI: -0.17-0.086); Overall percent
agreement = 61.7%; When MII monitoring is considered as a reference test,
positive percent agreement = 77.3% and negative percent agreement =
18.8%. MII: Multichannel intraluminal impedance.

Written consent was obtained from all of the parents
and patients old enough to understand and sign the
informed consent form.

16-30 h; median: 22.7 h).
At least one test was positive in 57 (95%) patients
and three patients had negative results for all of
the tests. Eighteen patients (30%) had positive test
results for all three tests, while 30 (50%) patients had
positive results for 2 of the tests and 9 (15%) had
positive results for only 1 test. According to the above
mentioned criteria, gastroesophageal reflux disease
was diagnosed in 34 (57.7%), 44 (73.3%), 47 (78.3%)
and 51 (85%) patients by means of pHM, MII, GES
and MII-pHM, respectively.
The mean reflux index was 6.0% ± 6.9% (range
0.1-38.4) and mean reflux number 70.6 ± 83.4 (range
6-481) with pH monitoring. The mean number of
reflux episodes > 5 min was 2.2 ± 3.3 (range, 0-19).
Overall, 3879 (mean 64.6 ± 29.8, range: 18-146)
GER events were detected with MII monitoring
(liquid 1169, 30.1% and mixed 2710, 69.9%) and
1751 (45.1%) of them were characterized as acidic,
1618 (41.7%) as weakly acidic and 510 (13.2%) as
alkaline. Also, we observed that 32.9% of refluxes
reached the proximal esophagus and 41.2% of them
were nonacidic.
During the 1 h simultaneous recording period,
880 reflux episodes were detected with GES and/
or MII-pHM. GES showed 770 reflux frames in 47
patients, only 142 of them (18.4%) were detected
simultaneously with both techniques. Six hundred
and twenty-eight episodes were detected only with
GES and 110 only with MII-pHM (kappa = -0.27, P <
0.0001).
Tables 1-4 show comparisons of GES and pHM,
GES and MII, GES and MII-pHM, MII and pHM,
respectively. The observed percentage agreements/κ
values for the above comparisons are 48.3%/-0.118,
61.7%/-0.042, 73.3%/0.116 and 60%/0.147,
respectively. pH monitoring alone missed 17 patients
compared to combined MII-pHM. Therefore, the
addition of MII to pH monitoring increased the diag
nosis rate by 50%.
Assuming MII+pH monitoring or GES as the gold
standard for GER diagnosis, sensitivity, specificity,
positive and negative predictive values for pHM, MII,

Statistical analysis

Parametric data are presented as mean ± SD unless
otherwise stated. Agreement between tests for the
diagnosis of GERD was assessed by using Cohen’
[29]
s kappa (κ) : values ≤ 0 indicates no agreement,
0-0.20 slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial
agreement, and 0.81-1 almost perfect agreement.
Overall percent agreement, positive (PPA) and negative
(NPA) percent agreements are calculated where
needed. Sensitivity, specificity, positive and negative
predictive values of the tests are also calculated
according to the considered gold standard diagnostic
method (MII-pHM or GES). Statistical significance
was defined as P < 0.05. SPSS version 16 was used
for statistical analysis. The statistical methods of this
study were reviewed by Prof. Ergun Karaagaoglu from
the Department of Biostatistics, Hacettepe University
Faculty of Medicine.

RESULTS
Seventy-five children were enrolled in the study. The
duration of GER symptoms was 10.8 ± 9.9 mo (range:
1-48 mo; median: 8.0 mo). Chronic cough, nausea,
regurgitation and vomiting were the most frequent
symptoms.
The tests were well tolerated by all with no
complications. Fourteen patients were excluded for
artifacts and technical problems in MII-pH tracings
(eight non-interpretable traces due to artifacts or
displacement of the probe, four for technical reasons
and two premature termination of the recording due
to battery problems) and one patient because of an
unsuccessful scintigraphic procedure. Sufficient data
was obtained from 60 (80%) patients (34 male,
56.7%) with a mean age of 8.7 ± 3.7 years (range:
2.5-17.3 years; median: 8.5 years). The mean time
for recording of MII-pHM was 22.8 ± 2.4 h (range:
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Table 3 Comparison of multichannel intraluminal impedance/
pH monitoring and gastroesophageal reflux scintigraphy
Gastroesophageal
scintigraphy positive

Gastroesophageal
scintigraphy negative

Total

41

10

51

6

3

9

47

13

60

MII-pHM
positive
MII-pHM
negative
Total

Table 4 Comparison of multichannel intraluminal impedance
and pH monitoring

MII monitoring
positive
MII monitoring
negative
Total

Kappa value 0.116 (P = 0.357, 95%CI: -0.01-0.24); Overall percent
agreement = 73.3%; When MII-pHM is considered as reference test,
positive percent agreement = 80.4% and negative percent agreement =
33.3%. MII-pHM: Multichannel intraluminal impedance-pH monitoring.

pH monitoring
negative

Total

27

17

44

7

9

16

34

26

60

Kappa = 0.147 (P = 0.223, 95%CI: 0.026-0.268). Overall percent agreement =
60%; MII: Multichannel intraluminal impedance.

episodes detected with scintigraphy. Although there
are many studies reviewing the diagnostic methods,
studies comparing GES and pHM, MII or MII-pHM are
scarce.
[37]
Vandenplas et al
compared the information
provided by pHM and GES which were performed in
65 children investigated for suspected GERD. During
a 1 h simultaneous recording period, 123 reflux
episodes were recorded with both techniques but only
six (4.9%) of them occurred simultaneously. Another
study comparing results of scintigraphy and pHM
showed that both methods concurrently detected only
[38]
42% reflux episodes . In our study, 142 (16.1%)
of 880 reflux episodes were observed with both GES
and MII/pHM. The reasons for this low concordance
may be due to a few factors: (1) scintigraphy may
show inadequate esophageal clearance or remnants or
refluxes that cannot be shown with MII-pHM; (2) pH
monitoring is not able to detect non acidic refluxes;
(3) all reflux episodes may not propagate to at least
2 impedance channels; and (4) additionally, a frame
acquisition technique may also affect the detection rate
[17,37-39]
of GER events
.
Studies found sensitivity and specificity for GES
between 15%-59% and 83%-100%, respectively,
[38,40-44]
when compared with 24-h esophageal pHM
.
In our study, the sensitivity of GES was higher than
its specificity, in contrast to previous studies, and
comparing the results of pHM and GES showed that
two tests were in agreement for 29 (48.3%) patients
and the kappa value was below zero. If pHM is
considered as a reference test, PPA is 73.5% while
NPA is 15.4%. For MII, 61.7% of patients had positive
results for both MII and GES and the results seemed
to be more comparable than pHM but the kappa value
was not still significant. For MII-pHM, kappa was close
to zero, overall percentage for agreement was 73.3%
and, similar to the comparison with pHM and MII, PPA
is much higher than NPA. These findings may be due
to the fact that GES shows only postprandial reflux
events and even 1 episode is accepted as a positive
result. As there are no similar studies, we could not
compare our results.
[45]
In an article evaluating 2178 studies , 6 con
taining 408 participants were included and it was

MII-pHM and GES are shown in Table 5.

DISCUSSION
Gastroesophageal reflux is a common, challenging
problem for pediatricians. It is important to dif
ferentiate physiological GER from GERD, which may
cause severe complications, to decide who needs
[1]
[30,31]
[32]
treatment . Both pHM
and radionuclide studies
for diagnosis of GERD go back more than 40 years.
Esophageal intraluminal pHM became more popular
with the development of a computer based system for
[33]
the recording and automatic analysis of the data
and was accepted as the gold standard for diagnosis
of GERD for years. Later on, MII was developed and
posited as the future standard for reflux detection and
[34]
monitoring . Although the combined MII-pHM has
advantage over pHM alone, it has some disadvantages
[1,4,11,14,35]
as mentioned above
.
Another problem with pHM and MII is the absence
of normal values in the pediatric age range. Currently
no evidence based pediatric normal values exist.
The ESPGHAN and NASPGHAN guidelines consider
a RI > 7% as abnormal, a RI < 3% as normal, and
[1]
between 3% and 7% as indeterminate . In this study,
[27,36]
a RI value > 4.2% was accepted as abnormal
.
Currently, the “true” normal ranges for MII are not
available for infants and children due to the fact that
it is not ethical to perform MII-pHM on asymptomatic,
healthy children. In children referred for GERD
evaluation, the mean retrograde bolus movement
numbers were reported as between 31 and 35,
[27]
respectively . However, all were sick children and
they do not represent healthy children. The reported
th
number of reflux events (95 percentile) in healthy
adults ranged from 48 to 75 per day and the age
[24,26,28]
did not affect the number
. In healthy adults
consuming a Mediterranean diet, the total numbers
th
[26]
of reflux events was 48 (95 percentile)
and we
arbitrarily defined the upper limit as 50 reflux events
per day.
The literature shows an extremely poor correlation
between acid reflux measured with pHM and reflux
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Table 5 Sensitivity, specificity, positive and negative predictive values of diagnostic tests according to assumed gold standard test
Test

Gold standard
MII-pH monitoring

MII-pHM
pHM alone
MII alone
GES

GES

Sensitivity, %

Specificity, %

PPV, %

NPV, %

Sensitivity, %

Specificity, %

PPV, %

NPV, %

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

-

-

-

-

66.7
(52.0-78.9)
73.3
(73.1-93.8)
80.4
(66.5-89.7)

100
(62.9-100.0)
100
(62.9-100.0)
33.3
(9.0-69.1)

100
(87.4-100.0)
100
(90.0-100.0)
87.2
(73.6-94.7)

34.6
(17.9-55.6)
56.3
(30.6-79.2)
23.1
(6.1-54.0)

87.2
(73.6-94.7)
53.2
(38.2-67.6)
72.3
(57.1-83.9)
-

23.1
(6.2-54.0)
30.8
(10.4-61.1)
23.1
(6.0-54.0)
-

80.4
(66.5-89.7)
73.5
(55.3-86.5)
77.3
(61.8-88.0)
-

33.3
(9.0-69.1)
15.4
(5.0-35.7)
18.6
(5.0-46.3)
-

GES: Gastroesophageal scintigraphy; MII-pHM: Multichannel intraluminal impedance-pH monitoring; pHM: Esophageal pH monitoring; MII:
Multichannel intraluminal impedance monitoring; PPV: Positive predictive value; NPV: Negative predictive value.

concluded that the diagnostic accuracy of tests in
children with suspected GERD is unclear. In these
studies, the sensitivity of pHM ranged from 41-81%.
pH monitoring can only detect acidic (pH < 4) episodes
and underestimate postprandial refluxes which occurs
in postprandial periods in most GER, particularly in
[39]
[46]
infants . Shay et al
evaluated 19 GERD patients
with manometry, pHM and MII simultaneously for 2
h and found that only 19% of the refluxes could be
detected by all three methods. In the MII study, more
refluxes were detected comparing manometry and
pHM (96% vs 76% and 28%, respectively) and 15%
of refluxes were detected only by MII monitoring. In a
[47]
study published in 2005 , 70 GER patients underwent
various tests, including esophagogastroduodenoscopy
with biopsy from the lower esophageal mucosa during
the first visit, followed by an omeprazole challenge test
(OCT), radionuclide scintigraphy, barium swallow and
finally 24-h esophageal pHM. A positive concordance of
three or more tests was taken as the gold standard. As
a single diagnostic test, pHM had the best combination
of sensitivity and specificity (77.7% and 92%), while
the values for scintigraphy were 15.5% and 96%.
In our study, GERD was diagnosed in 34 (57.7%),
44 (73.3%), 47 (78.3%) and 51 (85%) patients
by pHM, MII, GES and MII/pHM, respectively. pHM
shows the lowest positive results and MII-pHM shows
that 54.9% of refluxes were nonacidic so by pHM
evaluation only, some patients should not have been
diagnosed.
About 70% of reflux episodes occur during feeding
and the first 2 postprandial hours and the remaining
episodes occur during the remaining time before
[5]
the next feeding . This is especially important for
patients with pulmonary symptoms as shown in some
[48]
[49]
studies . Dalby et al
stated that MII/pHM can
detect all refluxes (acidic/nonacidic), content of the
refluxes, association of symptoms and reflux episodes
with high reproducibility. By the addition of MII in our
study, the number of patients diagnosed as having
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GERD increased by 50%.
Our results show that MII-pHM is more sensitive
than both GES and pHM. When MII-pHM or GES is
considered as the gold standard test, sensitivities
of GES and MII-pHM are above 80%. However, the
negative predictive value and NPA are low, ranging
from 23.1% to 33.3%. This may be due to the fact
that even reflux in one frame was accepted as a
positive result. The clinical significance of the number
of episodes and intensity of the reflux events has not
been clearly documented. In one study, it was stated
that an increasing episode number in GES might be a
[50]
predictor for reflux-related symptom severity .
Our results demonstrate that there is slight or
no agreement between MII/pH monitoring and GES
results. The compatibility is especially weaker for
negative results. MII-pHM showed better results than
other tests for sensitivity and positive predictivity.
We recognize that this study has limitations. The
absence of asymptomatic control children limits our
ability to infer any clinical relevance but for ethical
reasons, we did not obtain a control study group.
Also, normal values for children for MII-pH monitoring
have not been established so the results have been
compared with those described in a few studies and
the results might have changed with different cutoff values. Patient selection may have an impact on
the prevalence of GER in patients as we studied a
heterogeneous group in age and symptoms, including
both subjects with and without typical GER symptoms.
It would be valuable to check if the test results
were correlated with different patterns or severity
of complaints, but it was not the aim of this study.
Additionally, we did not accept one test as the gold
standard. As far as we know, this is the first study to
compare MII-pHM and GES.
In conclusion, the most sensitive test for diag
nosing GERD is MII-pHM. No or slight agreement
was found between pHM, MII, MII-pHM and GES for
diagnosis of GERD. Scintigraphy should be interpreted
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carefully and efforts should be aimed at developing
new diagnostic standards for scintigraphy in GERD.
One must keep in mind that negative results do not
mean that the patient does not have GERD, while
one reflux episode may represent a physiological
postprandial reflux. Also, standardization and
new diagnositic criteria need to be evaluated for
scintigraphy. With the use of new techniques for
diagnosis, some questions are answered but some
new questions have arisen and the ideal diagnostic
test for GERD has not been identified yet.
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diagnosis of GERD but it is expensive and not commonly available and normal
values for all age groups have not yet been established.
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available worldwide than MII-pHM. Although there are many studies reviewing
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Impedance testing is based on changes in electrical resistance between
two rings produced by the presence of bolus inside the esophageal lumen.
Decrease in resistance indicates the presence of a liquid bolus. Impedance
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bolus movement and direction. GES involves the oral administration of a
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to detect reflux events during the recording session.
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Core tip: This report describes a new low-cost, fast and
highly sensitive technique based on real-time PCR and
specific fluorescence resonance energy transfer probe
melting curve analysis to identify single-point mutations
in a highly variable background (in this study the Q80K
resistance-associated mutation in hepatitis C virus infected patients) for routine use in clinical laboratories.
This technique can be adapted to detect any mutation
in a highly variable genome.

Abstract
AIM
To develop a fast, low-cost diagnostic strategy to
identify single point mutations in highly variable
genomes such as hepatitis C virus (HCV).

Chen Q, Belmonte I, Buti M, Nieto L, Garcia-Cehic D, Gregori
J, Perales C, Ordeig L, Llorens M, Soria ME, Esteban R, Esteban
JI, Rodriguez-Frias F, Quer J. New real-time-PCR method to
identify single point mutations in hepatitis C virus. World J
Gastroenterol 2016; 22(43): 9604-9612 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i43/9604.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i43.9604

METHODS
In patients with HCV infection, resistance-associated
amino acid substitutions within the viral quasispecies
prior to therapy can confer decreased susceptibility
to direct-acting antiviral agents and lead to treatment
failure and virological relapse. One such naturally
occurring mutation is the Q80K substitution in the
HCV-NS3 protease gene, which confers resistance to
PI inhibitors, particularly simeprevir. Low-cost, highly
sensitive techniques enabling routine detection of
these single point mutations would be useful to identify
patients at a risk of treatment failure. LightCycler
methods, based on real-time PCR with sequencespecific probe hybridization, have been implemented in
most diagnostic laboratories. However, this technique
cannot identify single point mutations in highly variable
genetic environments, such as the HCV genome. To
circumvent this problem, we developed a new method
to homogenize all nucleotides present in a region except
the point mutation of interest.

INTRODUCTION
Chronic hepatitis C virus (HCV) infection, which affects
[1]
approximately 160 million individuals worldwide and
[2]
has an annual incidence of 3 million new infections , is
one of the leading causes of early-stage liver cirrhosis
[3]
and hepatocellular carcinoma . HCV is known to have
considerable genetic variability.
Direct-acting antivirals (DAAs) are recently-developed
drugs based on small molecules that target viral pro
teins and directly inhibit the viral life cycle. The use
of DAAs in triple therapy with pegylated interferon
and ribavirin has led to higher sustained virological
[4]
response (SVR) rates in HCV patients . However,
the presence of resistance-associated substitutions
conferring decreased susceptibility to DAAs within the
viral quasispecies prior to therapy has been found
to play a critical role in treatment failure and viral
[5,6]
relapse . These substitutions can also complicate
future therapeutic options using the same class of
inhibitors, as resistant mutations may be generated
due to the selective pressure exerted by the effect of
antiviral treatment.
One well-documented example is the Q80K polymor
phism, a simeprevir resistance-associated substitution
that is naturally found in more than 30% of naive
subtype 1a patients and less than 1% of 1b patients
[7]
in the United States . Simeprevir, an NS3 protease
inhibitor approved in 2014 and currently recommended
for HCV G1 and G4 infection in combination with
pegylated-interferon and ribavirin, achieved an
SVR rate of 85% in naïve patients with chronic HCV
G1 infection. However, in patients with the Q80K
substitution, SVR dropped to 58%, a value similar to
that of patients treated only with pegylated interferon
[8]
plus ribavirin . In failures to treatment, Q80K will be
reinforced and variants with cross-resistance to other
[9]
NS3 inhibitors, such as R155K, may also be selected .
Because of the high prevalence of the Q80K NS3

RESULTS
Using nucleotide-specific probes Q, K, and R sub
stitutions at position 80 were clearly identified at a
sensitivity of 10% (mutations present at a frequency
of at least 10% were detected). The technique was
successfully applied to identify the Q80K substitution
in 240 HCV G1 serum samples, with performance
comparable to that of direct Sanger sequencing, the
current standard procedure for this purpose. The new
method was then validated in a Catalonian population
of 202 HCV G1-infected individuals. Q80K was detected
in 14.6% of G1a patients and 0% of G1b in our setting.
CONCLUSION
A fast, low-cost diagnostic strategy based on real-time
PCR and fluorescence resonance energy transfer probe
melting curve analysis has been successfully developed
to identify single point mutations in highly variable
genomes such as hepatitis C virus. This technique
can be adapted to detect any single point mutation in
highly variable genomes.
Key words: Hepatitis C virus; Resistance-associated
amino acid substitutions; Low-cost test; Single-point
mutations; Q80K
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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polymorphism in the HCV G1a-infected population,
implementation of an accurate pretreatment screening
program is strongly recommended in clinical practice
to select the optimal treatment for each individual
[10]
patient .
The current method for detecting these resistanceassociated substitutions is direct Sanger sequencing,
[11]
a technique with a detection limit of 20% to 25% .
That is, mutations present in the viral quasispecies in
percentages below this value cannot be identified. In
addition, it is a costly technique that is not available in
many clinical laboratories.
To improve the management of HCV infection, the
aim of this study was to develop a low-cost, highly
sensitive method based on real-time PCR technology
that can be implemented in routine clinical laboratories
for Q80K polymorphism screening in HCV G1-infected
patients.

Switzerland). The reaction was carried out in a final
volume of 25 µL containing 5 µL of 5 × reaction buffer,
1.25 µL of 5% DMSO, 0.6 µmol/L of each primer, (0.75
µL of the two 20-µmol/L forward and reverse primers),
0.5 µL of Transcriptor One-Step enzyme mix, and 5
µL of extracted HCV RNA. The RT-PCR program was
run as follows: one cycle at 55 ℃ for 30 min (reverse
transcription) and one cycle at 94 ℃ for 7 min (reverse
enzyme inactivation step), followed by 35 cycles
each of 10 s at 94 ℃, 30 s at 51 ℃ and 40 s at 68 ℃,
followed by 1 final extension cycle at 68 ℃ for 7 min
(amplification), subsequently maintained at 4 ℃. A
final product of 611 nucleotides was obtained.
A negative control was included in each PCR step
to ensure that no contamination had occurred. All the
PCR mixes were performed in a DNA-free room and
within the laboratory cabin. After each manipulation,
the bench surface and cabin were both cleaned with
70% ethanol.

MATERIALS AND METHODS

Target region and primers to homogenize the flanking
regions - PCR

Patients

Coded serum samples from 442 HCV G1-infected
patients were used in the study. These included 240
samples previously tested by first-generation line
probe assay (Inno-LiPA v1.0) obtained from the
hospital Liver Unit HCV serum bank, which were used
to develop the technique, and 202 plasma samples
from patients with HCV subtype 1a and 1b infection
attending our hospital outpatient clinic, used to
validate the method. The prevalence of the Q80K
polymorphism in our setting was determined in both
groups of samples studied.

The main problem involved in using specific probes
to detect HCV single point mutations is the high
variability of the virus. Hence, the aim of the
procedure developed was to homogenize the regions
flanking Q80K and thereby eliminate the existing
variability. This was accomplished by designing
two specific long primers [named homogenize the
flanking regions (HOMO)-PCR primers] that covered
the entire region of interest, except for the single
nucleotide base at position 80 causing the C/A
polymorphism, which was left uncovered between the
primers Thus, the PCR obtained identical sequences
throughout except for the nucleotide causing the
Q80K mutation (polymorphic nucleotide). The fol
lowing primers were used for HOMO-PCR: forward
primer (5’-GTTGTAAAACGACGGCCAGTCCAAGGGTCC
TGTCATCCAGATGTATACCAATGTGGAC-3’) and reverse
primer (5’-CACAGGAAACAGCTATGACCCGGGA
ACCTTGAGGAGCGGGCCAGCCCACAAGGTCTT). The
two primers contained a complementary universal M13
primer, which was needed for the next step. A final
product of 116 nucleotides was obtained.
Briefly, the PCR reaction mixture consisted of 5
µL of cDNA sample, 2.5 µL of 10 × FastStart reaction
buffer, 1.25 µL of 5% DMSO, 0.5 µL of each 0.4-mmol/
L dNTP, 1 µL of the two 10-µmmol/L (upstream and
downstream) primers, and 0.25 U of FastStart highfidelity enzyme blend (5 U/µL) (Roche Diagnostics,
Mannheim, Germany) in a final volume of 25 µL. After
denaturing for 2 min at 95 ℃, 35 cycles of 30 s at
95 ℃, 30 s at 50 ℃, and 10 s at 72 ℃ were performed,
with a final 4-min step at 72 ℃ , subsequently
maintained at 4 ℃. The amplification products were
analyzed by 2% agarose gel electrophoresis, and
negative controls (amplifications in the absence of
RNA) were included in parallel to ensure the absence of

RNA extraction

HCV RNA was extracted from 650 µL of serum
by automatic RNA extraction using a total nucleic
acid isolation (TNAI) kit (AmpliPrep system; Roche
Diagnostics, West Sussex, United Kingdom) or from
140 µL of serum by manual extraction using the
QIAamp viral RNA minikit (Qiagen, Hilden, Germany).
The measures to prevent contamination suggested by
[12]
Kwok and Higuchi were strictly applied .

Target region and primers for RT-PCR

The first step in detection of the Q80K polymorphism
was to obtain cDNA from the extracted HCV RNA. The
NS3 target for Q80K detection was a 611-nucleotide
(nt)-long region spanning nt 3426 to 4036, in
accordance with the H77 reference sequence (GenBank
NC_004102.1). NS3 target cDNA was obtained
using degenerate primers: forward, N3u1bR3426
5’-ATCACGGCYTACKCYCAACARAC-3’ and reverse,
N3d1bR4036 5’-GTRGGDGCGTGHARRTGKGCCAC-3’.
These primers were able to amplify both HCV subtypes
1a and 1b.
The RT-PCR was performed using the Transcriptor
One-Step RT-PCR kit (Roche Applied Science, Basel,
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N3d1bR4036

RT-PCR
5' UTR

NS2

NS3

NS5A

3' UTR

N3u1bR3426

NS2

NS3

NS5A

PCR-HOMO

HOMO Rv primer
NS2

R

M13

NS3

NS5A

F

M13

HOMO Fw primer

Real time PCR
M13 Rv primer

M13F

M13R

C/A

M13 Fw primer

M13F

M13R

C/A

Anchor probe

Sensor probe

Figure 1 Diagram of the Q80K testing protocol. RT-PCR was performed to obtain cDNA from the NS3 target containing the Q80K polymorphism, followed by
HOMO-PCR performed to homogenize the Q80K flanking region using specific long primers. This PCR prepared the Q80K flanking region for the next step, in which
specific probes are used to detect Q80K. The last step is a real-time PCR, in which the Q80K mutation was detected by analyzing the melting point of one of the two
adjacent fluorescent-labeled probes. The specific and universal primers used are specified in each amplification step.

contamination. All amplicons were purified in agarose
gel, using the QIAquick gel extraction kit (Qiagen,
Valencia, CA, United States).

ATGTGGACAAAGACCTTGT-PH) spanning nt 3649 to
3666 and labeled with red fluorophore LC640 at the
5’ end. This last probe hybridizes over the mutation
position and perfectly matches the mutated sequence
while showing a single mismatch with the wild-type
variant.

Target region, primers, and probes for real-time PCR

Real-time PCR was performed in the LightCycler 2.0
analyzer (Roche Diagnostic, Mannheim, Germany).
This thermal cycler detects mutations by analyzing the
melting point of one of the two adjacent fluorescentlabeled probes. A schematic representation of the
oligonucleotide primers, fluorescence resonance
energy transfer (FRET) probes, and sequences
used to detect the Q80K variation is shown in
Figure 1. To enable sequencing of the fragment of
interest, the two HOMO PCR primers (forward and
reverse), used to homogenize the regions flanking
position 80 were designed with the universal M13
sequencing primer at the 5´end: M13 forward
(5’-GTTGTAAAACGACGGCCAGT-3’) and M13 reverse
(5’-CACAGGAAACAGCTATGACC-3’). Two FRET probes
that hybridize closely together were used to detect the
mutation: Anchor (5’-GTCCTGTCATCCAGATGTATAC-FL) spanning nt 3625 to 3646 and labeled with
fluorescein at the 3’ end, and Sensor Mut (5’-LC640-

WJG|www.wjgnet.com

Real-time PCR amplification

The reaction was conducted at a final volume of
20 µL containing 1.6 mmol/L MgCl2, 0.4 µmol/L of
each primer, 0.16 µmol/L of each FRET probe, 2 µL
of LightCycler Fast Start DNA master hybridization
probe mix (Roche Diagnostics, Mannheim, Germany)
and 5 µL of purified HOMO-PCR product. The PCR
program was run as follows: an initial denaturation
step of 95 ℃ for 10 min, 15 cycles of denaturation
at 95 ℃ for 10 s, annealing at 43 ℃ for 10 s, and
extension at 72 ℃ for 15 s. After amplification, melting
curves were generated by denaturation at 95 ℃ for
20 s, maintaining the sample at 40 ℃ for 20 s and
slowly heating the sample at 85 ℃ . Fluorescent
measurements were recorded during each annealing
step and during heating in the melting step, with
measurements at a wavelength of 640 nm once the
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restriction enzyme and purifying with the Miniprep
kit (QIAprep Spin Miniprep Kit), 12 clones of each
variant were obtained and identified by direct Sanger
sequencing.
To prepare the samples for the next step, 1 sample
of each cloned variant (Q and K) was selected and
subjected to HOMO-PCR with the following conditions:
1 denaturation cycle for 2 min at 95 ℃, 35 cycles of 30
s at 95 ℃, 30 s at 50 ℃, and 10 s at 72 ℃, and a final
4-min step at 72 ℃, subsequently maintained at 4 ℃.
The 2 amplification products (Q and K) were
analyzed by 2% agarose gel electrophoresis including a
negative control (amplifications in the absence of RNA)
to ensure an absence of contamination. The amplicons
were purified using the QIAquick gel extraction kit
(Qiagen, Valencia, CA, United States). The purified
PCR product was quantified using the PicoGreen assay
(Invitrogen, Carlsbad, CA, United States).
Of note, proper serum sample storage and RNA
manipulation are essential to succeed in Q80K
4
evaluation. A viral load below 10 copies/mL is an
important limitation for this and any other method
based on PCR amplification. The protocol presented
was designed and validated for Q80K detection
because of the high reported prevalence of this
mutation, but our aim was to create a procedure that
can be adapted for screening resistance mutations
occurring in other regions of the HCV genome.

Table 1 Mixtures carrying the Q and K strands in different
proportions, processed by real-time technology following
the same protocol as described in Methods, performed to
establish the detection limit of the method
Mixture samples code
1
2
3
4
5
6
7
8
9
10
11

Variant Q

Variant K

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

run was completed. To analyze the results, the melting
curves were converted to melting peaks by LightCycler
software, thus enabling the normal and mutated form
to be easily differentiated by their characteristic peak
patterns based on the differing melting temperatures.

HOMO-PCR product for direct Sanger sequencing

All samples tested using the PCR method developed
here underwent Sanger sequencing to verify the
reliability of the new method. The PCR product was
directly sequenced using the BigDye Terminator v3.1
cycle sequencing kit (Applied Biosystems, Foster
City, CA, United States). All sequenced samples were
aligned using the BioEdit software and checked for
concordance.

RESULTS
The melting temperature for the K variant was around
59 ℃, as the sensor probe was 100% homologous to
variant K, whereas the melting temperature for the
wild type (Q) was around 53 ℃ due to the mismatch
between the probe and the variant (Figure 2).
The reliability of the new method was verified by
testing the same 240 samples using direct Sanger
sequencing. The specific nucleotide probes developed
for the new real-time technique were able to
identify the Q and K variants, and showed complete
concordance with direct Sanger sequencing in all the
samples compared.
To test the sensitivity of the new real-time technique
compared to direct Sanger sequencing, HCV strands
carrying the Q and K variants were mixed in different
proportions, as described in Table 1. The melting
peaks of each mixture obtained by the new real-time
method are shown in Figure 3. The method was able
to identify the K variant in mixtures containing as little
as 10% of the variant. Interestingly, we found that the
difference between melting peaks was more prominent
in mixtures carrying Q as a minor variant than in those
carrying K as a minor variant.
Once the method had been developed and checked
for sensitivity, we determined the prevalence of Q80K
in the 240 historical G1 samples from the Liver Unit
serum bank collection and the 202 plasma samples
from chronically infected Catalonian patients subtyped

Q80K mixture for real-time PCR

To evaluate the sensitivity of the new technique for
detecting Q80K variants from HCV G1 samples, one
sample containing each variant (Q and K) was selected
to provide pure copies of the HCV strands carrying the
two variants by molecular cloning.
The nested amplicon with the Q80K polymorphism
was 531 nt long and contained a 491-nt-long region (nt
3492 to 3982), in accordance with the H77 reference
sequence (GenBank NC_004102.1), as well as the M13
universal primers. The following PCR primers were used:
upstream, 13u31b3492 5’- GTTGTAAAACGACGGCCAGT
GACARRAACCARGTBGADGGDGA -3’ and downstream,
13d31b3982 5’-CACAGGAAACAGCTATGACCGARTTRTC
YGTGAARACCGGRGACC-3’.
The nested reaction mixture contained 5 µL 10 ×
PfuUltra II reaction buffer, 1.25 µL of each 10mmol/L
dNTP, 0.5 µL of each 10-mmol/L forward and reverse
primers and 1 µL of PfuUltra II Fusion HS DNA
polymerase in a final volume of 50 µL. After denaturing
for 2 min at 95 ℃, 30 cycles of 20 s at 95 ℃, 20 s at
50 ℃, and 15 s at 72 ℃ were performed, with a final
3-min step at 72 ℃, subsequently maintained at 4 ℃.
Molecular cloning of the two variants (Q and K)
was performed using the Zero Blunt Topo PCR cloning
kit for sequencing. After treating the colonies with a
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Figure 2 Melting peaks of the Q and K variants analyzed by LightCycler 2.0. The variants were easily identified by their peak patterns, resulting from their
characteristic melting temperatures. A: Tm for variant K approximate 59 ℃; B: Tm for variant Q approximate 53 ℃.

viral genome. Because of this high mutation rate, a
huge number of variant genomes are continuously
generated, which hinders the use of FRET probes to
detect a single point mutation in the circulating virion
population. The novelty of our method is that we were
able to homogenize the surroundings of the particular
nucleotide position of interest by using specific
primers. This paved the way for application of a FRET
probe with melting curve analysis that would enable
differentiation of a single point mutation in the highly
variable HCV viral population.
The PCR method described was found to be highly
reliable when the results were compared with those
of Sanger sequencing. G1a samples carrying the Q
and K variants clearly showed double peaks with the
corresponding melting temperatures. In addition,
this method can detect mixed infections, although
their relative proportions cannot be quantitatively
established. In our G1b samples, however, there were
no cases of the Q80K variant. A clinical trial performed
by Janssen pharmaceuticals reported less than 1% of
[13]
the Q80K variant in G1b infections . Despite the low
prevalence of Q80K found in these initial studies, the
need for Q80K screening in G1b infection should be
further evaluated in larger patient populations.
In contrast to other methods used to detect
resistance-associated substitutions, which require
[14-16]
separate specific primers for G1a and G1b
our technique can identify a single point mutation
using one set of primers for all G1 samples. Simple
hybridization is then carried out, in this case with
the specific probe that differentiated Q from K at a
position 80. We are now working to fully automate the
procedure to increase its cost-effectiveness and reduce
the risk of contamination.
Of course, mutation detection using next-gene
ration sequencing (NGS) methods would be much
more sensitive than our technique for detecting
minority mutants (0.5%-1% of the total viral
population). However, NGS is an expensive, laborintensive procedure that is not in extensive use. Our

Table 2 Prevalence of the Q80K polymorphism in G1, G1a,
and G1b patients in a Catalonian population
Genotype

Total tested
samples

Samples with
Q80K variant

Prevalence

240
137
65
442

13
20
0
33

5.4%
14.6%
0%
7.5%

Genotype 1
Genotype 1a
Genotype 1b
Total

A total of 442 samples were processed by the new PCR method using
FRET probes: 240 G1 samples (maintained at -80 ℃) previously
characterized by a first-generation line probe assay (Inno-LiPA v1.0) used
to develop the method and 202 recently collected patient samples used to
validate the method were analyzed to determine the prevalence of Q80K
in HCV subtypes 1a and 1b in our setting.

by a high-resolution HCV method (137 subtype 1a
and 65 1b). In total, 442 plasma samples were tested
by the new technique. The prevalence of the Q80K
polymorphism in the stored samples was 5.4%,
whereas in the patient samples, Q80K was detected
in 14.6% of subtype 1a infections and none of the
subtype 1b infections (Table 2).

DISCUSSION
In this study, we describe a new strategy to detect
single point mutations by real-time PCR using specific
FRET probes that can be adapted to the LightCycler
platform, a method widely used in clinical laboratories.
In the developmental phase reported here, the method
was used to detect the Q80K NS3 polymorphism in the
HCV G1a and G1b-infected population.
An inherent difficulty with HCV is that it replicates
using an RNA-dependent RNA-polymerase that
lacks proofreading mechanisms. Because of this
characteristic, the virus has an estimated mutation
-3
-4
rate of 10 to 10 substitutions per nucleotide per
replication cycle, which means that every time the RNA
is copied, the newly generated genome will carry 1 to
10 new mutations in addition to those in the parent
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Figure 3 Melting peaks of mixtures carrying the Q and K variants analyzed by real-time technology. The variations seen in the peak patterns are proportional
to their content of variants (Q or K). Samples carrying the mutated variant can be easily identified, with a limit of detection of 10%. A: 100%K; B: 90%K/10%Q; C:
80%K/20%Q; D: 70%K/30%Q; E: 60%K/40%Q; F: 50%K/50%Q; G: 40%K/60%Q; H: 30%K/70%Q; I: 20%K/80%Q; J: 10%K/90%Q; K: 100%Q.

aim was to provide a fast, sensitive, low-cost method
for diagnostic applications, particularly keeping in mind
the possibility for use in underdeveloped countries
where the emergence of HCV infection is of particular
concern and routine use of deep sequencing cannot be
considered.
Finally, although the technique was designed to
detect the Q80K resistance mutation, the protocol
can be adapted to detect other mutations in different
regions of the HCV genome for use in routine
pretreatment clinical screening. We are now working
on adapting this method for clinical detection of
Y93H, a highly prevalent NS5A mutation that confers
resistance to daclatasvir, ledipasvir, and ombitasvir.
In addition, Q80K seems to be a natural variant in G5
isolates, which may explain the reduced susceptibility
[17]
to simeprevir in G5 patients ; hence, the technique
presented may also have a role in Q80K screening for
this population.
In conclusion, this study presents a low-cost,
sensitive technique to identify resistance-associated
point mutations in samples from HCV-infected patients
that is feasible for routine use in clinical laboratories.
Application of this method in clinical practice could be a
useful aid to providing optimal individualized treatment
for patients with HCV infection.
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Detection of resistance-associated amino acid substitutions in patients
with hepatitis C virus (HCV) infection is clinically relevant information for
personalizing therapy. Low-cost, highly sensitive techniques enabling routine
detection of any single point mutation would be useful to identify patients at a
risk of treatment failure.

Research frontiers

Diagnose techniques to detect single point mutations in HCV have been
hampered by the huge amount of variation generated by HCV.

Innovations and breakthroughs

A fast, low-cost diagnostic strategy based on real-time PCR and fluorescence
resonance energy transfer (FRET) robe melting curve analysis (LightCycler
method) has been successfully developed to identify single point mutations in
highly variable genomes, in this case for HCV.

Applications

This technique can be adapted to detect any single point mutation in highly
variable genomes.
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that they are doing this for the NS5A mutations, which are much more relevant
to the 2nd generation DAAs.
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Abstract
AIM
To investigate peg-interferon (peg-IFN) and ribavirin
(RBV) therapy in Myanmar and to predict sustained
virologic response (SVR).

Data sharing statement: Technical appendix, statistical code
and dataset available from the corresponding author at rajender.
reddy@uphs.upenn.edu. Participants gave informed verbal
consent for data sharing, and the presented data are anonymized.

METHODS
This single-center, open-label, study was conducted
in Myanmar between 2009 and 2014. A total of 288
patients infected with HCV genotypes 1, 2, 3 and 6
were treated with peg-IFN alpha-2a (180 μg/wk) or
alpha-2b (50 to 100 μg as a weight-based dose) and
RBV as a weight-based dose (15 mg/kg/d). Treatment
duration was 48 wk for genotypes 1 and 6, 24 wk for
genotype 2, and 24 or 48 wk for genotype 3 based on
rapid virologic response (RVR). Those co-infected with
hepatitis B received 48 wk of therapy.

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/
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RESULTS
Overall, SVR was achieved for 82% of patients and
the therapy was well tolerated. All patients achieved
SVR at equivalent rates regardless of HCV genotype
(p = 0.314). Low fibrosis scores (p < 0.001), high
baseline albumin levels (p = 0.028) and low baseline
viral loads (p = 0.029) all independently predicted SVR.
On the other hand, IL-28B TT and CC genotypes were
not found to significantly predict SVR (p = 0.634; p =
0.618). Among those who completed treatment, the
occurrence of RVR showed a > 96% positive predictive
value for achieving SVR. Treatment duration did not
significantly impact the likelihood of achieving SVR for
patients infected with genotype 3 HCV (p = 0.371). The
most common adverse events were fatigue (71%) and
poor appetite (60%). Among patients with genotype
3 HCV, more patients in the 48-wk treatment group
required erythropoietin than in the 24-wk treatment
group (61.1% vs 49.2%).

with HCV . Treating HCV remains a top priority to
prevent progression to cirrhosis and to lower the risks
of developing hepatocellular carcinoma. Direct-acting
antiviral (DAA) therapy has high cure rates and a
substantially reduced side effects profile compared to
dual therapy with pegylated-interferon (peg-IFN) and
ribavirin (RBV), and has revolutionized HCV treatment
[2]
paradigms in many countries . However, DAA treat
ment is only just beginning to enter the market in
Myanmar, leaving peg-IFN and RBV therapy as a viable
[3,4]
option .
The burden of HCV is enormous in low- and
middle-income countries comprising South Asia, East
Asia, North Africa, the Middle East and Southeast Asia,
which altogether amounts to more than 80% of the
[5,6]
global HCV burden . Until novel DAA therapy is made
more economically accessible to these HCV-endemic
regions, clinicians must try to optimize available IFNbased therapies to heterogeneous patient populations
seeking treatment.
About half a million or 1%-1.6% of Myanmar’s po
[7,8]
pulation is infected by HCV . Among people who
inject drugs, the prevalence of HCV in Myanmar
[9]
is much higher, around 48.1% . If HCV remains
untreated, then its prevalence could rise through
increasing numbers of people who inject drugs. In
Myanmar, genotype 3 HCV is the most frequently
encountered infection (> 50%), followed by genotypes
[10]
6, 1 and 2 . As of now, there is a dearth of data on
outcomes of treatment in Myanmar. Thus, expectations
following HCV therapy are not known for that part
of the world. To that end, in an open label trial,
we investigated the efficacy and safety of peg-IFN
alpha-2a or -2b and RBV in patients from Myanmar
infected with HCV genotype 1, 2, 3 and 6, with a
particular emphasis on identifying predictors of cure
and determining whether 24 wk of treatment was as
effective as 48 wk.

CONCLUSION
SVR rates were high with peg-IFN and RBV therapy in
Myanmar. Fibrosis scores, baseline albumin, HCV RNA
levels and RVR independently predicted SVR.
Key words: hepatitis C virus; Pegylated-interferon;
Ribavirin; Sustained virologic response; Rapid virologic
response
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: peg-interferon (peg-IFN) and ribavirin (RBV)
therapy was a viable treatment option for hepatitis
C virus (HCV)-infected patients in Myanmar due to
its availability and affordability. Currently, directacting antiviral agents are not widely accessible to
the Myanmar population. Therefore, HCV treatment is
still being conducted with peg-IFN and RBV therapy.
This treatment regimen was shown to be reasonably
efficacious with minimal adverse events. Fibrosis
scores, baseline albumin, HCV RNA levels and rapid
virologic response all independently predicted sustained
virologic response.

MATERIALS AND METHODS
Patient selection

This open-label experience was conducted in Myan
mar at two centers, namely the Mandalay General
Hospital and Yangon GI and Liver Centre. Patients
aged between 9-years-old and 70-years-old and
who were not previously treated with peg-IFN or
RBV were eligible for HCV therapy. Patients included
in this analysis were treated between January 2009
and August 2014. Eligible patients had detectable
HCV RNA levels ≥ 15 IU/mL and had abstained from
alcohol use for at least 3 mo prior to screening. Serum
alanine aminotransferase (ALT) levels, liver fibrosis
score and coinfection with hepatitis B virus or human
immunodeficiency virus were evaluated. Patients
with indeterminate HCV genotype, high serum total
bilirubin > 3 times the upper limit of the normal range,
3
leukocyte count < 2000 cells/mm , platelet count <

Hlaing NKT, Banerjee D, Mitrani R, Arker SH, Win KS, Tun NL,
Thant Z, Win KM, Reddy KR. hepatitis C virus therapy with
peg-interferon and ribavirin in Myanmar: A resource-constrained
country. World J Gastroenterol 2016; 22(43): 9613-9622
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i43/9613.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i43.9613

INTRODUCTION
Recent advances in treatment for hepatitis C virus
(HCV) infection lend hope to curing the almost 170
million people worldwide who are chronically infected
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3

30000 cells/mm , hemoglobin levels < 9 g/dL, history
of drug abuse, significant medical comorbidities,
known psychiatric or autoimmune disease, pregnancy
or lactation, or lack of socioeconomic support were
excluded from the study.
Patients of any genotype were eligible for en
rollment, and HCV genotyping was completed by
line probe assay (LiPA) technology (VERSANTTM
HCV Genotype Assay (LiPA) Bayer Healthcare,
manufactured by Innogenetics, Ghent, Belgium). Ontreatment virologic assessments were done using
Roche COBAS AmpliPrep/COBAS TaqMan HCV Test,
version 2.0, with the lower limit of detection being 15
IU/mL.
Patients received a combination of peg-IFN and
RBV treatment. Patients were given one weekly
subcutaneous injection of peg-IFN alpha-2 (either pegIFN alpha-2a at 180 µg, Hoffman-La Roche, Basel,
Switzerland; or peg-IFN alpha-2b at 50-100 µg as
a weight-based dose, Merck Sharp & Dohme). RBV
(Copegus, Roche, or Rebetol, Merck Sharp & Dohme)
was administered orally as a weight-based dose (15
mg/kg/d).
Patients with genotype 1 or 6 HCV infection
received treatment for 48 wk, while those with
genotype 2 HCV infection received treatment for
24 wk. Treatment for patients with genotype 3 HCV
infection varied according to hepatitis B surface
antigen (HBsAg), rapid virologic response (RVR) and
socioeconomic factors. The patients who achieved
RVR at week 4 and did not present with HBsAg were
consolidated into the 24-wk treatment group (n =
122). Either the failure to achieve RVR or the presence
of HBsAg resulted in placement into the 48-wk
treatment group (n = 24).
All patients provided verbal informed consent for
collecting data and presenting it. This investigatorinitiated study was conducted without financial support
from the industry, as patients paid for the medication
and study assessments. No limitations on publications
were imposed. All authors approved the final version
of the manuscript.

treatment was discontinued for these patients.

Safety assessments

Safety was assessed by laboratory testing, physical
examination and spontaneous/patient-initiated
reporting of adverse events. Laboratory tests were
carried out at local laboratories. Adverse events
were graded as mild, moderate, and severe or lifethreatening according to guidelines published by
the World Health Organization, while depression
was assessed according to the Montgomery-Asber
Rating Scale (MADRS). Laboratory assessments
and outpatient visits to evaluate the onset of clinical
adverse events were scheduled every 2 wk while
patients were on treatment and every month after the
end of treatment.
Dose modifications of peg-IFN, RBV, or both were
permitted if patients were experiencing clinical adverse
events or laboratory abnormalities that were not lifethreatening, and if the total leukocyte count was <
3
1500 cells/mm or if the absolute neutrophil count was
3
< 750 cells/mm . Reductions were done in a step-wise
fashion: to 135 µg then to 90 µg in patients initially
receiving peg-IFN alpha-2a at 180 µg, and reductions
according to body weight for patients receiving pegIFN alpha-2b. Anemia was attributed to treatment
when hemoglobin levels were 1.5 g/dL lower than the
baseline value, while severe anemia was assessed as
when hemoglobin levels dropped below 7 g/dL. RBV
dose was reduced upon the onset of severe anemia
and was carried out in one or two 200 mg-reductions
as needed for anemia to resolve. Treatment was
permanently discontinued if the absolute neutrophil
3
count was < 500 cells/mm .
Blood transfusions were given when hemoglobin
levels were < 7 g/dL and if the patient agreed to
receive a transfusion. Erythropoietin stimulating agent
was administered when hemoglobin levels were < 9
g/dL.

Statistical analysis

The efficacy analysis was based on 288 enrolled
patients, while relapse analysis included 283 patients.
t-test was used to determine the P-values for means
(standard deviation), while Wilcoxon test was used
to determine the p-values for medians (interquartile
range) for continuous variables. For categorical
2
variables, χ test was used to determine P-values,
and frequencies were summarized as n (percent).
These methods were used for summarizing baseline
characteristics and for completing preliminary efficacy
and safety analyses.
Multi-variable logistic regression analysis was
used to evaluate the relationships between treatment
duration and SVR, baseline factors and SVR, and
baseline factors and relapse. This analysis was used
to compute P-values and odds ratios (ORs), their
95% confidence intervals (CIs), and P-values. The

Study endpoints

All results are presented on the basis of those who
completed treatment. The primary efficacy endpoint
for this study was sustained virologic response (SVR),
defined as undetectable serum HCV RNA 24 wk after
treatment was discontinued.
Secondary endpoints included RVR, early virologic
response (EVR), end of treatment response (ETR)
and relapse. RVR, EVR and ETR were defined as
undetectable serum HCV RNA at week 4, week 12
and at the end of treatment, respectively. Virologic
relapse was defined as detectable HCV RNA within
24 wk of cessation of therapy after having achieved
ETR. Patients who had detectable HCV RNA at 24 wk
of treatment were considered non-responders, and
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Table 1 Sustained virologic response according to patient characteristics at baseline (n = 288) n (%)
P value

Achieved SVR
Demographics
Sex
Male
Female
Age
Mean ± SD
Median (range)
≤ 20
21-40
41-60
> 60
Pretreatment conditions/comorbidities
HCV/HIV coinfection
Diabetes mellitus
Previous alcohol consumption
High pretreatment ALT (> 40)
High pretreatment Hgb (≥ 12 g/dL)
High pretreatment WBC (≥ 4000 mm3)
High pretreatment platelet (≥ 150000/mm3)
High pretreatment albumin (≥ 3.5 g/dL)
High pretreatment HCV RNA (≥ 800000 IU/mL)
Liver stiffness
F≤2
F3-4
IL-28B polymorphism
rs8099917TT
rs8099917Non-TT
Unknown
rs12979860CC

Yes (n = 237)

No (n = 51)

101 (87.1)
136 (79.1)

15 (12.9)
36 (20.9)

0.081

45.9 ± 10.4
48.00 (11.0-68.0)
5 (100)
57 (87.7)
164 (82.4)
11 (57.9)

50.1 ± 8.5
49.00 (34.0-66.0)
0 (0)
8 (12.3)
35 (17.6)
8 (42.1)

0.007
0.016
0.017

4 (100)
21 (91.3)
45 (81.8)
166 (81.8)
182 (81.3)
225 (82.7)
189 (84.8)
212 (84.5)
144 (79.1)

0 (0)
2 (8.7)
10 (18.2)
37 (18.2)
42 (18.8)
47 (17.3)
34 (15.2)
39 (15.5)
38 (20.9)

0.350
0.238
0.919
0.722
0.386
0.432
0.043
0.012
0.065

133 (92.4)
104 (72.2)

11 (7.6)
40 (27.8)

< 0.001

204 (82.3)
18 (78.3)
15 (88.2)
196 (82.4)

44 (17.7)
5 (21.7)
2 (11.8)
42 (17.6)

0.634

0.618

ALT: Alanine aminotransferase; HCV: Hepatitis C virus; Hgb: Hemoglobin; HIV: Human immunodeficiency virus; SVR: Sustained virologic response;
WBC: White blood cell.

Efficacy analysis includes all 288 patients who com
pleted peg-IFN and RBV treatment. Patients with
genotype 1 (n = 56) received treatment for 48 wk,
patients with genotype 2 (n = 4) received treatment
for 24 wk, patients with genotype 6 (n = 83) received
treatment for 48 wk, and patients with genotype 3
(n = 145) received treatment for either 24 wk (n =
23) or 48 wk (n = 122) based on RVR. The baseline
characteristics of the patient population have been
summarized in Table 1.

model for treatment duration was adjusted for several
prognostic factors identified by preliminary efficacy
analysis including age, sex and liver stiffness. This
model evaluated genotype 3 only, as this was the
only genotype where treatment duration varied.
Models exploring outcomes and baseline factors
excluded genotype 2 cases, as broad conclusions from
pooled analysis may not be represented in the small
sample size of patients with this genotype (n = 4). As
treatment duration was not found to be a significant
factor for SVR, it was excluded from subsequent
models. The final outcome models were adjusted for
age, sex, liver stiffness, genotype, platelet levels ≥
3
150000/mm , albumin levels ≥ 3.5 g/dL and pretreatment HCV RNA ≥ 800000 IU/mL. All analyses
were conducted using SAS v9.4 (Cary, NC, United
States).

Efficacy

A total of 237 patients (82%) in this cohort completed
treatment and achieved SVR with peg-IFN and RBV
therapy (Table 2). All 4 patients with genotype 2 HCV
achieved SVR, whereas patients with genotype 1,
3 and 6 HCV achieved SVR at a rates of 75%-85%.
Therapy was equally effective across all genotypes
(p = 0.31). Several baseline characteristics varied
between those who did and did not achieve SVR (Table
1). Patients with an undetectable viral load at 6 mo
after treatment cessation were generally younger, had
3
high pretreatment platelet levels (≥ 150000/mm ),
and had high pretreatment albumin (≥ 3.5 g/dL)
compared to those who did not achieve SVR. Men
achieved SVR at slightly higher rates than women.

RESULTS
Demographics

Between January 2009 and August 2014, 687 patients
were screened and 331 were ultimately enrolled (Figure
1). A total of 43 patients discontinued treatment and 5
patients were lost during follow-up. Patients received
treatment of varying duration according to genotype.
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Patients screened
(n = 687)
Reasons for patient exclusion:
Socioeconomic (n = 353)
Genotype indeterminate (n = 3)

Patients enrolled
(n = 331)
Reasons for treatment
discontinuation:
Non-responder (n = 12)
Liver related (n = 15)
Non-liver related (n = 5)
Socioeconomic (n = 11)
Treatment
completed
(n = 288)

Genotype 1
(n = 56)
Treatment 48 wk

+

HBsAg
Treatment 48 wk
(n = 8)

Genotype 2
(n = 4)
Treatment 24 wk

Genotype 3
(n = 145)
Treatment according
to RVR, HBsAg, and
socioeconomic status

RVR+
(n = 94)

RVR(n = 51)

Genotype 6
(n = 83)
Treatment 48 wk

-

HBsAg
Treatment 48 wk
(n = 86)

Treatment 48 wk
(n = 15)

Treatment 24 wk
(n = 36)

Figure 1 Flow diagram of the study. The study treatment scheme is outlined for patients who completed treatment after enrollment.

Patients who received dose reductions were not noted
to have a lower likelihood of achieving SVR.
Those with high-grade fibrosis (F3-4) were sub
stantially less likely to clear the virus (p < 0.001) (Table
1). Higher rates of SVR were observed in patients with
lower grade fibrosis (F ≤ 2) for genotypes 1, 3 and 6
HCV (p = 0.009, p = 0.008, p = 0.002) (Table 3).
Relapse analysis was completed based on data
from 283 patients (Tables 4 and 5). Overall, 49
patients (17%) experienced relapse. Of those who
completed 24 wk of treatment relapsed, 15% relapsed
compared to 19% of patients who relapsed after
completing 48 wk of treatment. Older patients (p =
0.007), those with low pretreatment platelet levels, (p
= 0.032) low albumin levels (p = 0.009) and advanced
fibrosis (p < 0.001) were likely to have a relapse of

WJG|www.wjgnet.com

HCV infection (table 4). The proportion of patients who
relapsed did not vary substantially by genotype (p =
0.279) (Table 5).

Predictors of response

Logistic regression analysis showed that treatment
duration did not have a significant impact on likelihood
of achieving SVR (p = 0.371), suggesting that
treatment lasting 24 wk was just as effective as 48 wk
of treatment for curing genotype 3 HCV infection (Table
6). As treatment duration was not found to significantly
impact SVR outcome, it was excluded from subsequent
models. Bivariate analysis identified age, sex, high
HCV RNA at baseline, high pretreatment platelet
levels, high pretreatment albumin levels and lower
grade fibrosis as potential predictors of response. After
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with the rs12979860CC polymorphism exhibited an
SVR rate of 82.4% (p = 0.618). Similar SVR rates
were achieved in patients of rs809997Non-TT and
unknown polymorphisms.

Table 2 Sustained virologic response by treatment modifications
and hepatitis C virus genotype (n = 288) n (%)
P value

Achieved SVR
Yes
(n = 237)

No
(n = 51)

43 (79.6)
9 (100)
12 (70.6)
22 (78.6)

11 (20.4)
0 (0)
5 (29.4)
6 (21.4)

0.570
0.157
0.193
0.587

42 (75.0)
4 (100)
123 (84.8)
68 (81.9)

14 (25.0)
0 (0)
22 (15.2)
15 (18.1)

0.314

Dose reduction
Any dose reduction
Peg-IFN only
Ribavirin only
Both peg-IFN and ribavirin
Genotype
1
2
3
6

Safety/adverse events

Adverse events and treatment dose modifications are
summarized in Table 8. The proportion of patients
requiring dose reductions were comparable for both
treatment groups. In the 24-wk treatment group,
15.9% of patients required dose reductions (n =
20/126), while in the 48-wk treatment group, 21%
of patients required dose reductions (n = 24/162).
Adverse events occurred in roughly similar proportions
between the 24-wk and 48-wk treatment groups
except for erythropoietin usage. More patients in the
48-wk treatment group required erythropoietin (61.1%
vs 49.2%), even though moderate anemia (hemoglobin
reduction of 1.5 g/dL) occurred at equivalent rates for
both groups. Severe anemia (hemoglobin reduction
of 7 g/dL) also occurred at comparable rates in both
groups. Treatment was discontinued for a total of 43
patients due to liver-/non-liver, non-responder and
socioeconomic reasons. The most common adverse
events were fatigue (71%), poor appetite (60%),
insomnia (39%), dizziness (23%), hair loss (18%),
joint pain (11%), itchiness (9%) and muscle ache
(6%).

Peg-IFN: Pegylated-interferon; SVR: Sustained virologic response.

Table 3 Sustained virologic response according to fibrosis
score and genotype (n = 288) n (%)
Total F ≤ 2 (n = 144) F 3-4 (n = 144) P value
patients SVR+
SVRSVR+
SVRAll genotypes
Genotype 1
Genotype 2
Genotype 3
Genotype 6

288
56
4
145
83

133 (46)
26 (46)
0 (0)
60 (41)
47 (57)

11 (4)
3 (5)
0 (0)
4 (3)
4 (5)

104 (36)
16 (29)
4 (100)
63 (43)
21 (25)

40 (14)
11 (20)
0 (0)
18 (12)
11 (13)

0.034
0.009
0.008
0.002

SVR: Sustained virologic response.

DISCUSSION

stepwise multivariable logistic regression analysis, low
pretreatment HCV RNA, high pretreatment albumin
level and low-grade fibrosis among patients with
genotype 1, 3 and 6 HCV infection remained significant
independent predictors of SVR (Table 7). Those with
high baseline viral load were less likely to achieve SVR
(OR = 0.42, CI: 0.19-0.92, p = 0.029), while those
with high baseline albumin levels were substantially
more likely to clear the virus (OR = 2.63, CI: 1.11-6.22,
p = 0.028). Finally, those with more severe liver
fibrosis (F3-4) were predisposed to fail peg-IFN and
RBV treatment (OR = 0.19, CI: 0.08-0.48, p < 0.001).
Undetectable serum HCV RNA after 4 wk of therapy
(RVR) was a substantial/important predictor of SVR for
patients with genotype 1 (p < 0.001) and 6 (p < 0.001)
who received treatment for 48 wk. For patients with
genotype 1, 2 and 6 HCV infection, 100% of those
who achieved RVR achieved SVR 6 mo after treatment
had been discontinued. RVR showed a similar positive
predictive value (PPV) in patients with genotype 3
HCV infection regardless of treatment duration. A total
of 96% of patients who achieved RVR demonstrated
undetectable HCV RNA levels 6 mo after treatment
cessation.
In this study, IL-28B genotype did not demonstrate
any type of predictive value for achieving SVR (Table 1).
Patients with the rs8099917TT polymorphism exhibited
an SVR rate of 82.3% (p = 0.634) whereas patients
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This study is one of few that investigated the safety
and efficacy of traditional HCV treatment in patients
from Myanmar, an area of the world where cost and
access remains a significant barrier to next-in-line HCV
therapies. Study results confirm the efficacy and safety
of peg-IFN and RBV combination therapy in Myanmar
patients with chronic HCV infection of genotypes 1, 2,
3 and 6. A total of 237 patients (82%) achieved SVR in
this study. By HCV genotype, 75% of patients achieved
SVR for genotype 1 (n = 42/56), 100% of patients
achieved SVR for genotype 2 (n = 4/4), 84.8% of
patients achieved SVR for genotype 3 (n = 123/145)
and 81.9% of patients achieved SVR for genotype 6
(n = 68/83). These rates are comparable to historical
experiences with SVR rates of 60%-90% in Asian
[11,12]
countries for all HCV genotypes
. Genotype 1b HCV
infection is more prevalent across Myanmar compared
[13]
to genotype 1a (6.9% vs 4.1%)
and genotype 1b
has been shown to be more amenable to combination
[14]
therapy . These findings could help explain the
higher SVR rate observed for genotype 1 in this study
[13]
compared to those in Western countries .
Treatment for 24 wk in patients infected with
genotype 3 HCV infection proved to be equally
efficacious compared to the traditional 48 wk of
treatment. SVR was achieved in 84.4% and 87.5% of
cases for patients in the 24-wk and 48-wk treatment
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Table 4 Relapse according to patient characteristics at baseline (n = 283) n (%)

Relapse
Demographics
Sex
Male
Female
Age
mean ± SD
Median (range)
≤ 20
21-40
41-60
> 60
Pre-treatment/comorbidities
HCV/HIV coinfection
Diabetes mellitus
Previous alcohol consumption
High pretreatment ALT (> 40)
High pretreatment Hgb (≥ 12g/dL)
High pretreatment WBC (≥ 4000 mm3)
High pretreatment platelet (≥ 150000/mm3)
High pretreatment albumin (≥ 3.5 g/dL)
High pretreatment HCV RNA (≥ 800000 IU/mL)
Liver stiffness
F≤2
F3-4
IL28B polymorphism
rs8099917TT
rs8099917Non-TT
Unknown
rs12979860CC

Relapse (n = 49)

No relapse (n = 234)

49 (17.3)

234 (82.7)

14 (12.4)
35 (20.6)

99 (87.6)
135 (79.4)

0.074

50.4 ± 8.5
50.00 (34.0-66.0)
0 (0)
7 (10.9)
34 (17.3)
8 (42.1)

46.0 ± 10.2
48.00 (11.0-68.0)
4 (100)
57 (89.1)
162 (82.7)
11 (57.9)

0.006
0.011
0.013

0 (0)
2 (8.7)
9 (17.0)
36 (17.9)
40 (18.3)
45 (16.9)
32 (14.7)
37 (15.0)
36 (20.3)

3 (100)
21 (91.3)
44 (83.0)
165 (82.1)
179 (81.7)
222 (83.1)
186 (85.3)
209 (85.0)
141 (79.7)

0.426
0.254
0.943
0.678
0.434
0.403
0.032
0.009
0.082

9 (6.5)
40 (27.8)

130 (93.5)
104 (72.2)

< 0.001

42 (17.3)
5 (21.7)
2 (11.8)
40 (17.2)

201 (82.7)
18 (78.3)
15 (88.2)
193 (82.8)

0.592

Table 5 Relapse by treatment modifications and hepatitis C
virus genotype (n = 283) n (%)

Dose reduction
Any dose reduction
Peg-IFN only
Ribavirin only
Both peg-IFN and ribavirin
Genotype
1
2
3
6

Relapse Yes

Relapse No

(n = 49)

(n = 234)

0.918
0.569

Table 6 Preliminary analysis of sustained virologic response
outcome by treatment duration and prognostic baseline
factors in patients with genotype 3 hepatitis C virus infection

P value

10 (19.2)
0 (0)
4 (26.7)
6 (21.4)

42 (80.8)
9 (100)
11 (73.3)
22 (78.6)

0.686
0.163
0.325
0.544

14 (25.0)
0 (0)
21 (14.7)
14 (17.5)

42 (75.0)
4 (100)
122 (85.3)
66 (82.5)

0.279

Comparison or stratum

OR (95%CI)

P value

Age
Liver fibrosis (F3-4 vs F ≤ 2)
Sex (female vs male)
Treatment duration (48 wk vs 24 wk)

1.02 (0.97-1.08)
0.18 (0.05-0.67)
0.41 (0.14-1.16)
2.05 (0.42-9.92)

0.432
0.010
0.093
0.371

Table 7 Sustained virologic response outcome by prognostic
baseline factors in patients with genotypes 1, 3, and 6
hepatitis C virus infection

groups, respectively. In an American multicenter,
open-label, investigator-initiated study, treatment
duration was also not found to affect SVR rates for
[15]
HCV genotypes 2/3 . The same combination therapy
was used in both studies, yet a greater percentage
of genotype 3 HCV-infected patients achieved SVR
in this experience compared to the American study
(84.8% vs 61.8%). As a general trend, SVR rates for
all genotypes have been reported to be higher in Asia
[12]
compared to Western countries .
In this experience, patients infected by genotype 6
HCV were treated for a duration of 48 wk and 81.9%
of patients achieved SVR. HCV genotype 6 is endemic
to Southeast Asia, and SVR rates for genotype 6 have
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P value

Comparison or stratum

OR (95%CI) P value

Age
Genotype (1 vs 6)
Genotype (3 vs 6)
High pretreatment HCV RNA (≥ 800000 IU/mL)
High pretreatment albumin (≥ 3.5 g/dL)
High pretreatment platelet (≥ 150000/mm3)
Liver fibrosis (F3-4 vs F ≤ 2)
Sex (female vs male)
Treatment duration (48 wk vs 24 wk)1

1.00 (0.96-1.04) 0.904
0.74 (0.30-1.84) 0.433
1.33 (0.58-3.05) 0.433
0.42 (0.19-0.92) 0.029
2.63 (1.11-6.22) 0.028
1.00 (0.45-2.25) 0.992
0.19 (0.08-0.48) < 0.001
0.57 (0.28-1.16) 0.120
2.05 (0.42-9.92) 0.371

1

Only in patients with genotype 3 HCV infection. HCV: Hepatitis C virus.

[16]

been reported to be around 80% . Patients infected
by genotype 6 HCV were significantly more likely to
achieve SVR if their fibrosis scores were equal to 2 or
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this study, no correlation was found between IL-28B
profile and the efficacy of antiviral therapy. Perhaps a
larger sample size is needed to assess the relationship
between IL-28B profile and the efficacy of antiviral
therapy for Asian patients infected with different HCV
genotypes, and particularly when there are such high
response rates.
Comparable amounts of patients given 24-wk
and 48-wk treatments required RBV and/or peg-IFN
dose reductions. Meanwhile, a higher proportion of
patients in the 48-wk group required erythropoietin
compared to patients in the 24-wk group (61.1%
vs 49.2%). When possible, 24 wk of combination
therapy is preferred in order to reduce the moderate
anemia rate and the need to take erythropoietin.
Patients in this experience reported higher rates
of poor appetite compared to participants in other
[20]
studies (60% vs 20%-30%) . Poor appetite often
coincides with fatigue, which was seen in 71% of
patients in this experience. In other studies, fatigue
[19]
has been noted to occur in 60%-90% of patients .
Psychiatric side effects such as depression and
irritability were observed in much lower proportions
[21]
compared to studies in Western countries . Cultural
and socioeconomic differences could explain the lower
[17]
incidences of depression reported in this experience .
In conclusion, this study analyzed SVR rates
and independent predictors of SVR in Myanmar’
s population. Patients infected with HCV genotypes
1 and 6 were treated for a duration of 48 wk and
achieved SVR at 75% and 81.9%, respectively. These
rates were equivalent or higher compared to historical
observations. Patients infected with genotype 2 HCV
were treated for a duration of 24 wk and all 4 patients
achieved SVR. Depending on RVR and the presence
of HBsAg, patients infected by genotype 3 HCV were
treated for 24 wk or 48 wk. SVR rates were attained at
equivalent rates for patients in both groups. This study
found that low fibrosis scores, high baseline albumin
levels and low baseline viral loads significantly predict
SVR. Patients who achieved RVR were very likely to
achieve SVR. This study assessed the safety profiles
and efficacy of peg-IFN and RBV combination therapy
to better optimize treatment in Myanmar. Most side
effects were observed at similar rates compared to
historical controls. Peg-IFN and RBV remain the top
choice for treating HCV in Myanmar due to higher
availability and lower costs compared to DAA agents.

Table 8 Adverse events and treatment modifications (n =
288) n (%)
48 wk
24 wk
treatment treatment
(n = 162) (n = 126)
Dose reduction
Any dose reduction
Peg-IFN only
Ribavirin only
Both peg-IFN and ribavirin
Hematological adverse events
Hemoglobin reduction = 1.5 g/dL from
pretreatment value
Erythropoietin use
Severe anemia (Hgb < 7 g/dL)
WBC < 4000 cells/mm3
Platelet reduction < 150000 cells/mm3
General adverse events
Fatigue
Poor appetite
Itchiness
Skin rash
Joint pain
Myalgia/muscle aches
Hair loss
Dizziness
Insomnia
Irritability
Depression
Thyroid dysfunction

34 (21.0)
3 (1.9)
13 (8.0)
18 (11.1)

20 (15.9)
6 (4.8)
4 (3.2)
10 (7.9)

121 (74.7)

85 (67.5)

99 (61.1)
4 (2.5)
110 (67.9)
75 (46.3)

62 (49.2)
3 (2.4)
86 (68.3)
72 (57.1)

115 (71)
92 (56.8)
16 (9.9)
5 (3.1)
20 (12.3)
9 (5.6)
34 (21)
36 (22.2)
63 (38.9)
5 (3.1)
13 (8.0)
7 (4.3)

89 (70.6)
82 (65.1)
11 (8.7)
0 (0)
13 (10.3)
8 (6.3)
17 (13.5)
31 (24.6)
49 (38.9)
2 (1.6)
5 (4.0)
1 (0.8)

less. Among patients infected by genotype 6, those
who present with low fibrosis scores and achieve RVR
could potentially be candidates to undergo a shorter
treatment duration of 24 wk compared to 48 wk.
[17]
In a Vietnamese study, Thu Thuy et al
reported
SVR rates of 60% and 71% for 24 wk and 48 wk of
treatment, respectively. Treatment duration was not
found to significantly impact SVR rates for patients
infected with genotype 6 HCV; however, a larger
sample size is needed to confirm these results.
Low-grade fibrosis, low baseline viral loads,
and high baseline albumin levels were found to be
significant independent predictors of SVR in this study.
These factors should be considered in conjunction
with age, body mass index and HCV genotype to
appropriately determine treatment duration and
likelihood of achieving SVR. Patients infected by all
genotypes were significantly more likely to achieve
SVR if they had RVR. In this study, the PPV of RVR
was shown to be > 96%. In a Chinese study, RVR was
reported to have a similarly high PPV of 86.7% for HCV
genotypes 1-3; however, RVR occurred less frequently
[18]
in patients infected by genotype 1 HCV .
The majority of patients in this study contained
either the rs8099917TT and/or the rs12979860CC IL28B polymorphism. Previous studies have indicated
both polymorphisms as independent predictors of
virologic responses for genotype 1 HCV, regardless of
[19]
ethnicity . Moreover, the rs8099917TT polymorphism
has been indicated as an independent predictor of
[18]
achieving SVR for genotypes 2/3 in Asians . In
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Background

Approximately half a million people are chronically infected with hepatitis
C virus (HCV) in Myanmar. Treating HCV remains a top priority to prevent
progression to cirrhosis and to lower the risks of developing hepatocellular
carcinoma. Direct-acting antiviral (DAA) therapy has high cure rates and
a substantially reduced side effects profile compared to dual therapy with
pegylated-interferon (peg-IFN) and ribavirin (RBV), and has revolutionized HCV
treatment paradigms in many countries. However, DAA treatment is only just
beginning to enter the market in Myanmar, leaving peg-IFN and RBV therapy
as a viable option.

7
8

9

Research frontiers

This open-label experience investigated the efficacy and safety of peg-IFN
alpha-2a or -2b and RBV in patients from Myanmar with HCV genotypes 1,
2, 3 and 6, with a particular emphasis on identifying predictors of cure and
determining whether 24 wk of treatment was as effective as 48 wk.

10

Innovations and breakthroughs

There has been a sporadic study that analyzed HCV treatment in Myanmar. In
this experience, several baseline clinical and biochemical characteristics were
assessed to find predictors of sustained virologic response (SVR). Low fibrosis
scores, high baseline albumin levels and low baseline viral loads significantly
predicted SVR. Additionally, patients who achieved RVR had a high likelihood
of achieving SVR. Patients with genotype 3 HCV were treated for 24 wk or 48
wk, and both groups of patients achieved SVR at equivalent rates. Finally, side
effects of peg-IFN and RBV were comparable to historical controls.

11

12

Applications

13

Generic DAAs from the chronic hepatitis C treatment expansion by Gilead
Sciences are just becoming available in Myanmar. A single tablet regimen
of ledipasvir/sofosbuvir will become available to the Myanmar population,
but the medication has yet to be approved by the Myanmar Federal Drug
Administration. For the next couple of years, peg-IFN plus RBV will be the
mainstay of treatment in Myanmar.

14

Peer-review

Several countries worldwide use peg-IFN and RBV to treat HCV due to
extremely high costs of DAA agents. This study reinforces the high SVR
observed with such treatment in Asia compared to Western countries. It also
reinforces the use of peg-IFN and RBV as the most competitive choice for
treatment of HCV in Myanmar due to its high SVR rates and safety profiles. It
also shows that some previously described predictors of SVR apply well to the
Myanmar population, allowing its use in patients enrolled for treatment. The
manuscript is well written, concise and objective.
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Abstract
AIM
To determine the outcomes of partial splenic em
bolization (PSE) for massive splenomegaly due to
idiopathic portal hypertension (IPH).

Institutional review board statement: All experiments were in
compliance with the ethics of the Institutional Review Board of
Hacettepe University Medical Center.
Informed consent statement: Oral informed consent was
obtained from all patients before taking part in the questionnaire.

METHODS
In this prospective study, we evaluated the charac
teristics and prognosis of consecutive patients with
IPH who underwent PSE for all indications at a single
medical center between June 2009 and January 2015.
The inclusion criteria were: presence of hypersplenism,
massive splenomegaly, and resultant pancytopenia.
The exclusion criteria were: presence of other diseases
causing portal hypertension. During the post-PSE
period, the patients were hospitalized. All patients
underwent abdominal computed tomography imaging
4 wk post-PSE to determine total splenic and noninfarcted splenic volumes.
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RESULTS
A total of 11 patients, with median age of 33.27 ± 4.8
years, were included in the study. Mean spleen size
was 22.9 cm (21-28 cm), and severe hypersplenism
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than in Western countries, and in Japan is reported
to be a female predominant disease, with rates
[8]
three times higher than those in males . The most
important finding in IPH is the absence of cirrhotic
pathology. Pathological examination mostly shows
non-specific changes such as phlebosclerosis, aber
rant periportal vessels, sinusoidal dilatation, portal
fibrosis, and nodular regenerative hyperplasia without
[1,2]
fibrosis . Many theories have been proposed with
potential involvement of immunological disorders,
trace metals, recurrent infections, medications, and
prothrombotic factors as etiological factors in order
to explain the pathogenesis; however, it is still not
completely understood. According to a widely accepted
hypothesis, IPH is an immunological disorder resulting
from continuous antigenic stimulation, which is based
on the observation of high serum immunoglobulin
[2,8,9]
levels in patients with IPH
.
Patients with IPH mostly present with signs and
symptoms of PH, including anemia, leukopenia,
thrombocytopenia, splenomegaly, esophageal and
fundal varices, and variceal bleeding. Other rarely
observed complications are PVT, ascites, and hepatic
[1,2,9]
encephalopathy
. Recurrent variceal bleeding is
the most critical IPH complication that is usually fatal
if not treated or prevented. Thus, variceal bleeding
management is the most important therapeutic goal
in these patients. However, repetitive endoscopic
sclerotherapy and variceal ligation do not resolve the
underlying cause of PH, and thus re-bleeding risk is
[9-14]
higher in these patients
.
Hypersplenism, which often develops in patients
with IPH as a result of PH, is due to hyperactivity of
the spleen and defined as a triad of splenomegaly,
pancytopenia, and normocellularity of bone marrow.
Cytopenia particularly affects the platelets, and the
resulting thrombocytopenia may cause spontaneous
bleeding, in particular, difficult-to-control variceal
[1,6,15]
bleeding varices
.
Serious cytopenia may be prevented by several
approaches aimed at decreasing splenic volume in
patients with hypersplenism, which include surgical
[16-18]
and percutaneous interventional methods
.
Partial splenic embolization (PSE) for hypersplenism
is a novel percutaneous interventional method, has
[19-21]
emerged as a viable alternative to surgery
and is
effective in reducing the size of splenic parenchyma
by embolization of the major branches of splenic
[6,20,21]
artery
. PSE can be particularly useful in highrisk surgical patients, such as those with co-morbid
diseases. Patients with thrombocytopenia, including
cancer patients receiving chemotherapy and patients
with co-morbidities such as advanced heart and lung
disease, are considered inoperable because of a high
frequency of complications, even in the setting of
[2,22-25]
simple splenectomy
.
PSE has been gaining popularity among patients
with hypersplenism and PH due to various reasons.
We would like to share our experience with PSE in

was diagnosed in all patients before PSE. Post-PSE,
leukocyte and platelet counts increased significantly,
reaching peak levels in the second week with gradual
decreases thereafter. Liver function tests did not exhibit
significant changes during post-intervention follow-up.
All patients developed post-embolization syndrome,
and one patient experienced serious complications;
all complications were successfully treated with
conservative therapy and no death occurred.
CONCLUSION
Our findings showed that PSE has a lower complication
rate than previously-reported surgical complication
rates, which supports this intervention as a viable
alternative for high-risk operable patients with severe
hypersplenism.
Key words: Partial splenic embolization; Idiopathic portal
hypertension; Hypersplenism; Massive splenomegaly
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Partial splenic embolization (PSE) for hyper
splenism is a novel percutaneous interventional
method, has emerged as an alternative to surgery
and is a viable approach in high-risk and inoperable
patients with portal hypertension. The current trial,
which is the largest study in the current literature,
confirmed the safety and efficacy of PSE in patients
with idiopathic portal hypertension (IPH) regarding
complications and morbidity. PSE could be offered to
patients with massive splenomegaly due to IPH, with
low and manageable complication rates, as this study
has confirmed.
Ozturk O, Eldem G, Peynircioglu B, Kav T, Görmez A, Cil BE,
Balkancı F, Sokmensuer C, Bayraktar Y. Outcomes of partial
splenic embolization in patients with massive splenomegaly due
to idiopathic portal hypertension. World J Gastroenterol 2016;
22(43): 9623-9630 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i43/9623.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i43.9623

INTRODUCTION
Idiopathic portal hypertension (IPH) is a rare clinical
disorder characterized by high portal hypertension
(PH) in the absence of cirrhosis or other PH etiologies,
such as hepatic or portal vein thrombosis (PVT),
hematological disorders, cardiac failure, and parasites
[1-4]
of the hepatobiliary system
. Other diagnostic
criteria for IPH include normal liver function tests,
the presence of esophageal or gastric varices, and
abnormal liver imaging and liver biopsy findings
[1,5]
inconclusive of cirrhosis . Previously, splenomegaly
in IPH was reported as a disease that is distinct from
[6,7]
liver cirrhosis . IPH is more frequent in Eastern
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IPH patients, in terms of efficacy, complications and
prognosis.

by infusion of intra-arterial gentamicin sulfate solution.
Embolization was continued with larger particles, if
needed, to obtain stagnant flow. These steps were
repeated for every targeted branch until the targeted
volume of two-thirds of the spleen was achieved
(Figure 1B and C). Following a final angiogram, manual
compression was applied to achieve hemostasis of the
femoral access site.
Post-PSE, all patients were hospitalized and
followed-up by physical examination, CBC and labora
tory tests. Supportive care was provided with hydroelectrolyte infusion, and paracetamol, nonsteroidal
anti-inflammatory drug or morphine was prescribed for
analgesia. Appropriate medical treatment was given if
complications arose. At 4 wk post-PSE, all patients under
went triphasic abdominal CT imaging to calculate total
splenic and noninfarcted splenic volumes (Figure 1D).
The statistical methods of this study were reviewed
by Kav T and Ozturk O. Data were analyzed with the
SPSS 23 software. Data were expressed as mean
± standard deviation. Categorical variables were
2
compared with the χ test. Spearman’s rank correlation
test was used for correlation analysis. Statistical
significance was set at a P-value of less than 0.05.

MATERIALS AND METHODS
This study was approved by the local ethics committee
(Study No: GO 15/432) of Hacettepe University
Hospital. We prospectively reviewed the medical
records of 21 consecutive patients who underwent
PSE for all indications between June 2009 and January
2015 at Hacettepe University Hospital. Demographic
characteristics, laboratory results, endoscopic reports,
radiological imaging studies and immunohistochemical
analyses were retrospectively collected via the elec
tronic medical records. The inclusion criteria were
laboratory and clinical findings of hypersplenism and
massive splenomegaly in patients with IPH. According
to current literature, massive splenomegaly was
accepted as a spleen with the longest axis being > 20
cm, and cytopenia was accepted as a platelet count
of ≤ 60 × 10³/mm³ and/or a leukocyte count of ≤
[26]
3.0 × 10³/mm³ . Hypersplenism was diagnosed
by clinical examination, laboratory findings and
radiological imaging methods, such as ultrasonography
and computed tomography (CT). The exclusion
criteria were presence of other PH etiologies, including
cirrhosis, infection, hematological or parasitic disease,
or occlusion of the hepatic or portal veins.
Patients were hospitalized before the PSE procedure;
full clinical examination, detailed medical history and
laboratory tests, including complete blood count (CBC),
liver and kidney function tests and serum electrolytes,
were performed for all patients. All of the patents
underwent endoscopy (to evaluate varices), abdominal
ultrasonography and abdominal CT angiography prior
to PSE. All patients received Haemophilus influenzae,
meningococcal and pneumococcal vaccines at 4 wk
before the embolization procedure.

RESULTS
A total of 21 patients underwent PSE between June
2009 and January 2015 at our hospital, of which 10
patients were excluded from the study (6 patients with
splenic artery aneurysm, 2 patients with cirrhosis, 1
patient with autoimmune hemolytic anemia, and 1
patient with splenic hemorrhage, following the drainage
of a massive hydatid cyst). Thus, 11 patients (7 males
and 4 females; mean age: 33.27 years; range: 18-48
years) with hypersplenism and massive splenomegaly
caused by IPH who underwent PSE were included
in the final analysis. Past medical history revealed
1 patient with Hodgkin’s lymphoma in remission, 2
patients with concomitant splenic artery aneurysm,
and 1 patient with thalassemia intermedia with no
need for transfusions; the other patients did not have
a remarkable medical history.
PSE was successfully performed on all 11 patients.
The mean duration of follow-up after IPH diagnosis
was 6.5 years (ranging from 4 mo to 12 years). Liver
function test results were normal in all patients, and
none of the patients had ascites. Massive splenomegaly
(mean spleen size: 22.9 cm; range: 21-28 cm) (Figure
1E) and signs of hypersplenism, such as anemia,
leukopenia and thrombocytopenia, were detected
in all patients. Esophageal varices were present in
all patients; two patients also had fundal varices.
Six patients had no history of variceal bleeding,
whereas the remaining 5 patients had a history of
esophageal variceal bleeding. In addition, 1 patient
had experienced bleeding from both esophageal and
fundal varices and received appropriate endoscopic

Embolization protocol

All patients underwent PSE under intravenous con
scious sedation with intravenous antibiotic prophylaxis
(ampicillin + sulbactam 1 gr, 3 times a day) adminis
tered 30 min prior to intervention and continued for
1 wk after the procedure. Under sterilized conditions,
abdominal angiogram following common femoral
artery access was obtained with a 4 or 5 F pigtail
catheter. Next, selective catheterization of the splenic
artery was performed with a 4 or 5F C2 catheter to
evaluate splenic and pancreatic artery branches. A
®
2.8F microcatheter (Cantata Cook Medical) was used
to super selectively catheterize distal splenic vascular
branches with respect to the vascular anatomy (Figure
1A). Superior pole branches were protected to prevent
development of pleural effusion, and middle and lower
pole branches were targeted. First, 500-700-µm tris®
acryl gelatin microspheres (Embosphere Merit Medical)
were administrated to the targeted branch, followed
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A

B

C

D

E

F

Figure 1 Radiographic images of patient No. 10. A: Selective splenic arteriography showing the multiple splenic vessels supplying the enlarged spleen; B: Super
selective catheterization of the inferior branches supplying the lower pole of the spleen; C: Post embolization images of the splenic artery, with no enhancement
observed in the lower pole due to the embolized inferior lobe branch; D: Post procedural 1-mo follow-up with axial CT images, with no enhancement observed in the
lower embolized portion of the spleen; E: Pre-procedural coronal reformatted CT images showing the enlarged spleen; F: Post-procedural axial CT image showing left
pleural effusion accompanying lower lobe atelectasis.

interventions like variceal ligation and sclerotherapy.
Demographic and clinical characteristics of the patients
are summarized in Table 1.
Mean white blood cell (WBC) count at postoperative
weeks 2, 4 and 48 was significantly higher than the
preoperative values (P < 0.05). Mean hemoglobin
values were not statistically significant compared to
preoperative values for the first two visits at weeks 2
and 4, but values progressively increased and were
significantly higher at the end of follow-up at week
48 (P = 0.028). Platelet values were also significantly
higher compared to preoperative values, and this was
maintained at week 48 (P < 0.05). CBC values for
post-PSE follow-up weeks are summarized in Figure 2.
No significant changes were detected in liver function
parameters, including alanine aminotransferase,
aspartate aminotransferase, albumin, bilirubin and
prothrombin time, in both short- and long-term followup.
Triphasic CT imaging of the abdomen obtained
at post-PSE week 4 detected splenic infarction at
rates of 60%-70%, > 70% and complete in 7, 3 and
1 patients, respectively. In our study, we failed to
observe positive correlations between the leukocyte
or platelet counts and splenic infarction rate during

WJG|www.wjgnet.com

follow-up (P > 0.05).
Post-embolization syndrome (defined by the
presence of abdominal pain, fever and vomiting)
developed in all patients (100%), all of whom were
managed with administration of subcutaneous
morphine and per oral acetaminophen, if needed.
Transient pleural effusion developed in 3 patients, but
none of the patients required drainage of effusion.
Asymptomatic small and subsegmental left atelectasis
occurred in 2 patients (Figure 1F). Hematoma of the
femoral artery puncture site was observed in 1 patient.
Antibiotic-associated gastroenteritis developed in 1
patient. Recently developed ascites were observed
in 2 patients, which spontaneously resolved. All of
the above-mentioned PSE-associated complications
were successfully treated with conservative therapy.
Complications experienced by patients with IPH
undergoing PSE during the study period are summarized
in Table 2. Other serious complications were: largevolume pleural effusion with dyspnea and chest pain,
which developed in 1 patient; later in the followup period, the same patient developed pneumonia
and syndrome of inappropriate antidiuretic hormone
secretion (SIADH) and was successfully treated
with drainage of effusion, intensive antibiotic and
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Table 1 Demographic and clinical characteristics of patients at presentation, previous endoscopic findings and procedures before
undergoing a partial splenic embolization procedure
Patient
No.

Age

Sex, male/
female

Concomitant diseases

Spleen size,
cm

Esophageal
varices

Gastric
varices

Variceal
bleeding

Variceal therapy

1
2

29
33

M
M

-

28
22

+
+

+
+

3

48

F

21

+

+

4
5

43
40

F
F

25
20

+
+

-

Esophageal
-

Band ligation
-

6
7
8
9

25
42
36
18

F
M
M
M

Concomitant 3-cm splenic
artery aneurysm
Concomitant 4-cm splenic
artery aneurysm
Hodgkin's lymphoma
Thalassemia intermedia

24
21
21
23

+
+
+
+

-

Esophageal

10
11

23
29

M
M

-

24
23

+
+

-

Esophageal

Sclerotherapy and band
ligation
Band ligation

Esophageal
Band ligation
Esophageal and Band ligation and glue
gastric
injection
-

Table 2 Summary of complications encountered during the follow-up period
Patient No.

Hospitalization
(d)

Splenic infarction
ratio

Post-embolization
syndrome

Other complications

16
8
21
45
14
21
18
9
6
10
8

60-70
100
60-70
60-70
60-70
75
75
80
60-70
60-70
60-70

+
+
+
+
+
+
+
+
+
+
+

Atelectasis and pleural effusion
Subileus and diarrhea due to antibiotics
Development of ascites
Pneumonia, pleural effusion, SIADH
Hematoma placing femoral catheter
Atelectasis, pleural effusion, and development of ascites
-

1
2
3
4
5
6
7
8
9
10
11

SIADH: Syndrome of inappropriate antidiuretic hormone secretion.

WBC
HB
Plt
Hb: 11.93 g/dL
Hb: 9.94 g/dL

P < 0.05
Plt: 74000 /mL

P < 0.05

WBC: 2600 /mL

Plt: 35000 /mL
WBC: 1400 /mL

P < 0.05
0

  2

4

   12

  24

48

t /wk

Figure 2 Blood counts during follow-up post partial splenic embolization.

conservative therapy.

with IPH. The majority of previous reports on patients
with IPH undergoing PSE are case series. The largest
[2]
one, reported by Romano et al , had only 6 patients;
otherwise, PSE has been performed mostly in cirrhotic
[6,14,24,26]
patients
.
The spleen is a multi-functional organ that serves

DISCUSSION
To the best of our knowledge, this is the largest study
that has evaluated the outcomes of PSE in patients
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as a defensive barrier against infections and a reservoir
for circulating blood volume. It also has critical
functions in hematopoiesis and protection against
[24,27]
malignancy
. The mean craniocaudal length (CCL)
of a normal spleen is 11-12 cm and its approximate
[28]
weight is 150 g . Classification of splenomegaly by
[29]
Poulin et al
defines a spleen with a CCL between
11-20 cm as having moderate splenomegaly and a
CCL of > 20 cm as having massive splenomegaly.
The latter is an uncommon clinical presentation, with
florid hematological manifestations resulting from
[2,6,14,24]
hypersplenism
. In our study, all patients had
massive splenomegaly causing severe hypersplenism.
Thrombocytopenia is the most common symptom
of hypersplenism and can cause spontaneous
bleeding, complicating the successful control of
variceal bleeding. Thrombocytopenia prevention can
be achieved by decreasing splenic volume in patients
with hypersplenism. In addition, PSE decreases the
incidence of gastrointestinal bleeding caused by
esophageal and fundal variceal rupture in patients
[2,6,14]
with cirrhosis and IPH
. In several studies, PSE
was reported as an effective approach for bleeding
[30,31]
from esophageal and fundal varices
. In the
current series, none of the patients experienced
gastrointestinal bleeding due to esophageal or
fundal varices throughout the follow-up period.
[2]
Furthermore, Romano et al reported that the
severity of esophageal and fundal varices decreased in
patients with IPH post-PSE; in some cases, they even
disappeared. They also reported that variceal bleeding
did not recur after intervention. Our results are in
agreement with these previously published reports;
none of the patients had variceal bleeding during the
post-PSE follow-up period.
Serious cytopenia caused by hypersplenism may
be prevented by a number of interventions. Several
approaches, including surgery, PSE, total splenic
arterial embolization, placement of a narrow stent
into the splenic artery, transjugular intrahepatic
portosystemic shunt, and ligation or banding of the
[2,14,16-18]
splenic artery, have been suggested
. Patients
with hypersplenism are at a higher risk of developing
complications if they undergo surgery, with a rate
ranging from 9% to 27%, including postoperative PVT,
sepsis and multi-organ failure, abscess and death. In
addition, PSE requires several days of hospitalization
and is considered as an alternative method to treat
[26,32-34]
hypersplenism
.
PSE was first described in a male patient with
cirrhosis that was complicated by recurrent gas
trointestinal bleeding from esophageal varices by
[7]
Maddison in 1973 ; PSE was successful in preventing
the bleeding. Since then, multiple studies demonstrated
the technical feasibility and efficacy of PSE for improving
cytopenia. PSE has favorable outcomes in a variety
of splenectomy indications, such as hypersplenism,
splenic artery aneurysms, gastric variceal hemorrhage
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due to splenic vein thrombosis or PH, intra-operative
blood loss during splenectomy and in hematological
disorders, including idiopathic thrombocytopenic
purpura, autoimmune hemolytic anemia and hereditary
[2,6,14,23-26]
spherocytosis
.
Occlusion of the splenic arterial supply during
PSE leads to a decrease in splenic size secondary to
ischemic necrosis. The splenic infarction rate appears
to be an important indicator of PSE efficacy for the
[2,24,26]
treatment of IPH-associated hypersplenism
.
Studies showed that embolization of < 50% of the
spleen was associated with shorter hypersplenism
relapse times, suggesting that PSE should cover a
[6,9,14]
minimum of 50% of the spleen to be effective
.
[14]
[31]
Zhu et al
and Noguchi et al
reported that the
success of PSE positively correlated with the rate
[35]
of splenic infarction. A study by Hayashi et al
concluded that, infarction volume was the best
predictor of increases in leukocyte and platelet counts
in patients with hypersplenism due to segmental PVT.
[14]
Furthermore, Zhu et al demonstrated that, the longterm efficacy of PSE and improvement in cytopenia
[14]
directly correlated with the rate of splenic infarction .
Consistent with previous reports, we found that
platelet counts increased post-PSE, peaking at 2 wk,
and followed by a gradual decrease during the followup period. Splenic volume has been shown to increase
with the regeneration of residual splenic tissue
[2,6,14,26]
after PSE
. In cases with the re-emergence of
cytopenia, cell counts are much higher than the levels
prior to the procedure, and a repeat PSE may be
[2,14,26]
required in these patients
.
In the current study, no significant changes were
observed in hepatic enzyme levels post-PSE. Similarly,
[20]
Tajiri et al
reported that hepatic enzyme levels did
not change over an 8-year follow-up period post-PSE.
PSE is associated with various complications, such
as post-embolization syndrome, decompensation,
ascites, edema, abscess, sepsis, bleeding and
respiratory problems. Most of these can be treated by
[2,6,14,26,36]
conservative therapy and supportive care
.
In concordance with findings by other groups, postembolization syndrome was the most frequent side
effect post-PSE in our study; all patients developed
post-embolization syndrome and were successfully
treated with conservative therapy. Post-embolization
syndrome is the most frequent side effect of all of
[35-38]
solid organ embolizations
. One patient in whom
a large-volume pleural effusion developed during the
follow-up period had pneumonia and SIADH postPSE; she was treated with drainage of effusion,
antibiotics and conservative therapy. To the best of our
knowledge, SIADH in patients with IPH undergoing
PSE has not been reported previously; as such, we
believe that the SIADH observed in our patient was
due to pneumonia. Although major complications are
not frequently observed in patients with IPH postPSE, they occur more frequently and are associated

9628

November 21, 2016|Volume 22|Issue 43|

Ozturk O et al . Partial splenic embolization in idiopathic portal hypertension
with increased mortality in cirrhotic patients. In
comparison with PSE, splenectomy is associated with
[32-34,36]
more frequent major and minor complications
.
Several studies reported a positive correlation between
the splenic infarction rate and the complication rates.
Because complications were observed less in patients
with a splenic infarction region of ≤ 50%, compared
with those with a splenic infarction region of ≥ 70%,
it was recommended that the splenic infarction
rate should not exceed 70% in order to decrease
[14,37,38]
complications
. However, our patients with
100% splenic infarction region did not develop serious
complications. Therefore, a high splenic infarction rate
in IPH may not be as dangerous as reported for those
with cirrhosis.
PSE continues to be associated with a lower
complication rate than that of surgery and is a viable
alternative approach in high-risk and inoperable
patients. In addition, the functional residual spleen
with PSE provides protection against infections, a
significant post-splenectomy complication.
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AIM
to investigate the possible long-term psychological
harm of participating in colorectal cancer (CRC)
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screening in Norway.
METHODS
In a prospective, randomized trial, 14294 participants
(aged 50-74 years) were invited to either flexible
sigmoidoscopy (FS) screening, or a faecal immunoche
mical test (FIT) (1:1). In total, 4422 screening
participants (32%) completed the questionnaire, which
consisted of the Hospital Anxiety and Depression Scale
and the SF-12, a generic health-related quality of life
(HRQOL) measurement, when invited to screening and
one year after the invitation. A control group of 7650
individuals was invited to complete the questionnaire
only, at baseline and one year after, and 1911 (25%)
completed the questionnaires.

INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent
causes of cancer-related deaths in both men and
[1]
women in developed countries . Randomized
controlled trials have demonstrated that screening
[2-4]
for CRC can reduce CRC incidence and mortality .
However, the total benefits and harm of national
cancer screening programs are under debate. To save
relatively few lives, a large number of people need to
[4]
be screened . The majority of participants will never
develop cancer, but they may experience psychological
stress from participation in the screening program.
Many studies report that receipt of a positive faecal
occult blood test (FOBT) result is associated with
[5-9]
anxiety in screening participants
. However, few
studies have measured the long-term psychological
[6,8,10-12]
consequences of CRC screening
, and the results
of these studies are inconsistent. Only one study
[11]
measured within-group changes , and no studies
have investigated the long-term changes in anxiety
from before screening and compared these changes
to those of individuals not invited to screening. Thus,
knowledge of the long-term psychological effects of
participating in CRC screening is limited.
The incidence of CRC in Norway, has increased
[13]
rapidly since the 1950s , and the lifetime risk
of developing CRC for the average population is
[14]
approximately 6% . Accordingly, a randomized
management trial, Bowel Cancer Screening in Norway
(the BCSN pilot), was started in 2012 to compare
the possible benefit of the two different screening
modalities faecal immunochemical test (FIT) and
flexible sigmoidoscopy (FS), on reductions in CRC
[15]
incidence and mortality . To evaluate the possible
psychological harm of participation in the BCSN pilot,
a sub-study was initiated. A random sample of the
original cohort was invited to participate in the substudy. The results of the short-term effects showed
that receiving a positive CRC screening result or
participating in CRC screening did not cause shortterm anxiety, depression or decreased health-related
[16]
quality of life (HRQOL) in participants .
The primary aim of the current sub-study was to
measure the long-term changes in anxiety, depression
and HRQOL in participants receiving different primary
screening results and in participants completing two
different screening modalities during a one-year
follow-up study. The secondary aim was to investigate
whether the potential psychological changes observed
were different or similar to changes in a control
group.

RESULTS
Receiving a positive or negative screening result and
participating in the two different screening modalities did
not cause clinically relevant mean changes in anxiety,
depression or HRQOL after one year. FS screening, but
not FIT, was associated with an increased probability
of being an anxiety case (score ≥ 8) at the one-year
follow-up (5.6% of FS participants transitioned from
being not anxious to anxious, while 3.0% experienced
the reverse). This increase was moderately significantly
different from the changes in the control group (in
which the corresponding numbers were 4.8% and 4.5%,
respectively), p = 0.06.
CONCLUSION
Most individuals do not experience psychological effects
of CRC screening participation after one year, while FS
participation is associated with increased anxiety for a
smaller group.
Key words: Colorectal cancer screening; Flexible
sigmoidoscopy; Fecal immunochemical test; Anxiety;
Health-related quality of life; Control group
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Participation in cancer screening programmes
might cause worries in the population outweighing
the benefits of screening. However, the results from
studies of psychological harm of colorectal cancer
(CRC) screening remain inconsistent. This is the first
randomized study to investigate long-term changes
in anxiety from before CRC screening, and compare
these changes to individuals not invited to screening.
Based on sound methodology, our study show that
most individuals have no psychological effect of
receiving a positive screening result, or participating
in CRC screening after one year. However, flexible
sigmoidoscopy participation is associated with
increased anxiety for a smaller, possibly anxious
group.
Kirkøen B, Berstad P, Botteri E, Bernklev L, El-Safadi B, Hoff
G, de Lange T, Bernklev T. Psychological effects of colorectal
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from 0-100, with higher scores indicating better
HRQOL. Missing values were imputed following the
[22]
recommendations of Ware and Kosinski . If it was
impossible to compute the value for one dimension,
that dimensional score was deemed missing.

MATERIALS AND METHODS
In the BCSN pilot, 140000 men and women aged
50-74 years in two defined geographical areas in
South-East Norway are invited. From 2012-2018, they
are randomized to receive an invitation to either a FS
examination or screening with FIT (1:1). Individuals
randomized to FIT receive a kit for taking a stool
sample. Participants with a positive FS or FIT are
invited to a work-up colonoscopy examination. In the
present study, we invited a sub-sample of those invited
to the main trial. A control group of sex- and agematched individuals living in neighboring counties was
randomly drawn from the Norwegian National Registry
and invited to participate in the questionnaire study
only.
Participants were invited to screening between
September 2013 and July 2014 (FS group) and
from October until December 2013 (FIT group).
All participants received a questionnaire with the
invitation together with a letter asking them to
complete and return the questionnaire by a pre-paid
return envelope or to complete the questionnaire
online. One reminder was sent to participants who did
not attend screening, but no reminders were sent to
non-responders of the questionnaire. One year after
the first invitation, participants who had completed the
baseline questionnaire were invited to complete the
questionnaire again.

Definitions

A positive FS is defined as the detection of advanced
neoplasia (CRC, adenoma ≥ 10 mm, 3 or more
adenomas, any polyp ≥ 10 mm, adenoma with highgrade dysplasia or villous components), and a positive
FIT screening result is defined as the detection of
human blood in the stool sample (cut-off > 75 µg/l).
Participants with a positive FS or FIT are referred
for a colonoscopy. The main objective of this study
was to investigate the potential anxiety caused by
participation in a screening program among healthy
participants who did not have screening-detected CRC.
Thus, participants diagnosed with CRC from screening
were excluded from the analyses.
For the HADS scale, cut-off levels are defined as a
score of ≥ 8 for the possible presence of and ≥ 11 for
the probable presence of “clinically meaningful degrees
[20]
of mood disorder” . In the current study, a score of
≥ 8 was defined as the cut-off for caseness for HADSanxiety and HADS-depression, based on the results
of a study of Norwegian patients visiting primary care
[23]
physicians .
Two-sided P-values < 0.05 were considered
statistically significant. The criterion for a clinically
relevant mean change was defined as a change of ½
[24]
SD , indicating the smallest change perceived by
individuals as an actual change in condition. Cohen
classified different effect sizes and defined a Cohen’
s d effect size above 0.5 as a medium effect size, or
[25]
a clinically relevant change . Therefore, our second
criteria for a clinically relevant change was a value of
Cohen’s d above 0.5.

Questionnaire

The participant questionnaire consisted of two
outcome measurements: the Hospital Anxiety and
Depression scale (HADS) and the generic HRQOL
questionnaire Short-Form Health Survey 12 (SF-12).
Both measurements have been translated into
Norwegian and validated in Norwegian background
[17-19]
populations
.
The HADS consists of 14 questions, seven mea
[20]
suring anxiety and seven measuring depression .
Each question has four response options, ranging
from 0-3, with a maximum total score of 21 for each
scale. Higher scores indicate higher levels of anxiety or
depression. For participants who lacked a response to
one or two items on one subscale, missing values were
substituted by the mean of the completed item scores.
The subscale score of participants who lacked more
than two items was set to missing.
The SF-12 consists of 12 questions; each question
has response choices varying from two to six
[21]
alternatives . The 12 questions can be transformed
into eight dimensional scores covering the physical
and mental aspects of HRQOL. These dimensions
are physical functioning (PF), role-physical (limitation
associated with physical problems, RP), role-emotional
(limitations associated with emotional problems,
RE), mental health (MH), general health (GH), bodily
pain (BP), vitality (energy and happiness, VT), and
social functioning (SF). The dimension scores range
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Study outline

Participants first received the questionnaire with an
invitation to CRC screening (baseline). They received
the questionnaire for the second time with the results
of their primary screening test (result), but before
undergoing a potential colonoscopy. Six and 12 mo
after receiving the invitation to screening, when
participants had learned of their final screening results,
participants who had completed the questionnaire
at baseline received the questionnaire again. Control
participants were invited to complete the questionnaire
at baseline and at 6 and 12 mo following the first
questionnaire.
The date of completion of the questionnaire
was used to determine whether it had been com
pleted before or after participation in screening.
Consequently, questionnaires lacking a completion
date were excluded. We were interested in the shortterm reactions to the primary screening test results
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in the second questionnaire. Therefore, resultquestionnaires completed more than 60 d after the
primary screening result or after work-up colonoscopy
were excluded from the analyses of 4 time points. We
accepted questionnaires that were completed within
5-8 mo following the invitation date as the 6-mo
questionnaire, and questionnaires completed 11-15 mo
after invitation were included as 1-year questionnaires.
Information regarding participants’ nationality,
marital status, education and occupation was obtained
through the questionnaire. Education level was classified
as low (primary school/high school) or high (minimum
two years of college/university). Information regarding
age and gender was obtained from the Norwegian
National Registry.

sensitivity analyses, using repeated measures ANOVA,
were performed with the same aim for participants
with complete data only (including only participants
who had completed the questionnaire at all four
time points) and for all participants who completed
the baseline questionnaire, with participants’ last
completed questionnaire score carried forward when
missing. Repeated measures analyses for binary
outcomes were applied to test whether there were
significant changes in the prevalence of participants
with a score above the cut-off levels of anxiety and
depression from baseline to one-year follow-up.
Furthermore, we tested whether this change differed
from the changes observed in the control group. These
analyses were conducted with and without participants
referred for surveillance colonoscopies. Age, sex,
education, nationality, marital status and employment
(and other HADS-score for HADS analyses) were
included in all models to adjust for the effects of these
variables. Statistical analyses were performed using
SPSS v19 software. The statistical methods of this
study were reviewed by statistician Edoardo Botteri
from Cancer Registry of Norway.

Participants

The number of individuals invited to participate in the
psychological questionnaire study was 7270 for the FS
group, 7024 for the FIT group, and 7650 for the control
group. Participants who completed the questionnaire
at baseline and after 1 year, as well as the screening
examination for FS and FIT participants, were included
in the main analyses. Additional analyses investigated
changes over 4 time points, including all completed
questionnaires.
Participants were ineligible for inclusion in the
analyses if they had a previous CRC diagnosis or
were deceased. Unattainable participants (invitation
returned to sender) and participants who had moved
out of the county were excluded. This study was
approved by the Regional Ethics Committee of SouthEast Norway (REK approval no 2011/1272).

RESULTS
Of the 14294 individuals invited to screening, 7578
(53%) completed screening, of whom 4434 (32% of
invited) completed the questionnaire both at invitation
and at one-year follow-up: 2017 in the FS group
and 2417 in the FIT group, respectively (Figure 1).
Participants who received a CRC diagnosis during
screening (13 in the FS and 12 in the FIT group)
were excluded from all analyses. The 12-mo followup questionnaires were completed on an average of
340 d (range 88-426 FS) and 366 d (range 89-438
FIT) after screening participation, and 330 d (range
83-416) after colonoscopy for the screening positive.
Among the individuals invited to the control group,
1911 (25%) completed the baseline and one-year
follow-up questionnaires. Furthermore, 895 FS
participants (13%) and 885 FIT participants (13%)
completed the questionnaire at the four predefined
time points.
The demographic data for each randomized group
is shown in Table 1. The FS group displayed a higher
mean age (M = 63.5 years, SD = 7.0) compared to
the FIT group (M = 62.5 years, SD = 6.6), p < 0.01,
as well as the control group (M = 62.7 years, SD = 6.8),
p < 0.01. The HADS-anxiety and HADS-depression
subscales had a Cronbach’s alpha coefficients of 0.86
and 0.84, indicating good internal consistency.
Figure 2 shows participants’ scores at baseline,
after receiving screening results, after 6 mo and after 1
year, including all completed questionnaires (for n, see
Figure 1). Participants’ level of anxiety depended on
both the screening results (positive versus negative)
and time, p = 0.04. Anxiety increased immediately

Statistical analysis

To investigate the demographic differences between
2
the three groups prior to screening, χ tests were
applied for categorical outcomes and ANOVA for
continuous outcomes. Significant differences in the
ANOVA analysis were further examined by contrast
analysis to determine which groups differed from
each other. The internal consistency of the two HADS
subscales was tested by Cronbach’s alpha.
To test for two- and three-way interaction effects
between time (baseline and 1-year follow-up),
primary screening results (positive and negative)
and screening group (FIT and FS) on the outcome
variables, ANOVAs analyses were applied. Next, we
compared the mean change scores (from baseline
to one-year follow-up) of the groups with positive
and negative screening results, as well as of the two
screening groups, with the change score in the control
group. These analyses were completed with and
without adjustment for participants’ baseline values
for the outcome. To investigate whether there were
significant changes in outcome variables during the
four time points, mixed models were applied, including
all completed questionnaires at each time point. Two
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Invited participants
14294
Randomized to FS (7270) and FIT (7024)

Invited controls
7650
Ineligible 52

Ineligible FS 150, FIT 104
Eligible
FS 7120
FIT 6920

Eligible
7598

Attended screening
FS 3634 (51% of the eligible)
FIT 3944 (57% of the eligible)
Ineligible 5

Ineligible 9

FS questionnaires
Baseline 2803
Result 2280
6 mo 1523
12 mo 2107

FS Baseline
questionnaire and 12
mo 2008 (28% of the
eligible)

Baseline
questionnaire and
12 mo
1911 (25%)

FIT Baseline
questionnaire and 12
mo 2414 (35% of the
eligible)

Negative FS
1829

Positive FS
179

Baseline questionnaire
2618 (35% of the eligible)

FIT questionnaires
Baseline 3462
Result 1601
6 mo 2248
12 mo 2509

Positive FIT
169

Negative FIT
2245

Figure 1 Flow-chart showing screening attendance and questionnaire response rate for the flexible sigmoidoscopy, faecal immunochemical test and
control groups. Baseline questionnaires were completed prior to screening, and the result questionnaire after receiving the first screening result but before potential
colonoscopy. FS: Flexible sigmoidoscopy; FIT: Faecal immunochemical test.

Positive
Negative

21
5

5

4

4

3

a

a

a

3

2

2

1

1

0

Baseline

Result

6 mo

1 yr

FS
FIT

21

0

Baseline

Result

6 mo

1 yr

Figure 2 Mean anxiety measured at four times in participants with positive and negative screening results and in the two screening groups. Baseline
questionnaires were completed prior to screening, and the result questionnaire was completed after receiving the first screening result but before potential
colonoscopy. Mixed models, aContrast analyses. The mean score is statistically significantly different from the previous score. FS: Flexible sigmoidoscopy; FIT: Faecal
immunochemical test.

after a positive result and decreased afterwards,
while anxiety decreased after a negative result and
increased afterwards. Participants with negative results
reported statistically significantly less anxiety when
receiving their results compared to baseline, which was
also observed in the analyses of complete cases only
and analyses with the last value carried forward (though
the interaction effect was not significant). Some
temporary improvements in HRQOL were observed

WJG|www.wjgnet.com

(supplementary Tables 1 and 2).

Participants with positive screening results

Participants’ scores for anxiety, depression and HRQOL
at baseline and at 1 year follow up are shown in Figure
3. No statistically significant changes in anxiety were
observed in participants with positive screening results
from baseline to one-year follow-up. Table 2 shows
the change in scores within each screening group
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a
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a

4
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a
a

a
a

60

Positive screening, baseline
Positive screening, 1 yr
Negative screening, baseline
Negative screening, 1 yr
Control group, baseline
Control group, 1 yr

40

2
20

1
0

Anxiety

Depression

0

PF

RP

RE

MH

GH

BP

VT

SF

Figure 3 Mean anxiety, depression and health-related quality of life scores at baseline and at 1-year follow-up for participants with positive and negative
screening results and for the control group. aThe mean score at 1-year follow-up is statistically significantly different from the mean score at baseline. PF: Physical
functioning; RP: Role-physical, limitation associated with physical problems; RE: Role-emotional, limitations associated with emotional problems; MH: Mental Health;
GH: General health; BP: Bodily pain; VT: Vitality, energy and happiness; SF: Social Functioning.

Table 1 Demographic characteristics of the three randomized groups measured at baseline

Norwegian nationality, %
Not married/cohabitant, %
Higher education, %
Employed, %
Women, %
Mean age, yr

FS (Std residual)

FIT (Std residual)

Control (Std residual)

P comparing 3 groups

95.9% (0.4)
18.0% (-2.0)1
45.3% (-0.8)
48.9% (-0.9)
50.1% (-1.0)
63.5

94.6% (-0.2)
20.0% (0.0)
43.6% (-2.1)1
49.6% (-0.6)
52.4% (0.6)
62.5

94.5% (-0.2)
22.0% (2.0)1
51.7% (3.2)1
52.9% (1.6)1
52.2% (0.4)
62.7

0.08
< 0.01
< 0.01
0.03
0.25
< 0.012

1

Standardized residuals outside ± 1.96 are considered statistically significant; 2ANOVA. FS: Flexible sigmoidoscopy; FIT: Faecal immunochemical test.

Table 2 Mean anxiety, depression and health-related quality of life change scores from baseline to 1-year follow-up for participants
with positive and negative screening results, the two screening groups and the control group
Control group
Anxiety

0.05

Depression

0.15

SF-12
PF

-1.16

RP

-1.86

RE

-2.03

MH

-0.41

GH

-1.81

BP

-1.57

VT

-1.44

SF

-1.10

Positive

Negative

FS

FIT

Screening group

(Cohen’s d)

(Cohen’s d)

(Cohen’s d)

(Cohen’s d)

(Cohen’s d)

0.12
(-0.03)
-0.06
(0.10)

0.13
(-0.04)
0.20
(-0.02)

0.17
(-0.05)
0.20
(-0.02)

0.09
(-0.02)
0.16
(-0.01)

0.13
(-0.04)
0.19
(-0.02)

-3.831
(0.14)
-0.97
(-0.03)
-3.37
(0.04)
-0.58
(0.01)
-2.09
(0.02)
0.57
(-0.11)
-0.19
(-0.06)
-1.35
(0.01)

-1.50
(0.02)
-3.54
(0.05)
-2.89
(0.03)
-1.28
(0.06)
-0.451
(-0.09)
-1.11
(-0.02)
-1.93
(0.02)
-1.47
(0.02)

-1.13
(-0.01)
-4.051
(0.06)
-2.04
(0.01)
-1.23
(0.05)
0.061
(-0.12)
-0.73
(-0.04)
-1.24
(-0.01)
-1.50
(-0.02)

-2.12
(0.05)
-2.77
(0.03)
-3.67
(0.05)
-1.20
(0.05)
-1.08
(-0.05)
-1.18
(-0.02)
-2.20
(0.04)
-1.38
(0.02)

-1.71
(0.03)
-3.39
(0.04)
-2.99
(0.03)
-1.23
(0.05)
-0.571
(-0.08)
-1.01
(-0.03)
-1.8
(0.02)
-1.46
(0.02)

ANOVA 1The change from baseline to one year follow up is significantly different from the change observed in the control group. A Cohen’s d effect size
above 0.5 is defined as a clinically relevant change. HRQOL dimensions: PF: Physical functioning; RP: Role-physical, limitation associated with physical
problems; RE: Role-emotional, limitations associated with emotional problems; MH: Mental Health; GH: General health; BP: Bodily pain; VT: Vitality,
energy and happiness; SF: Social Functioning; FS: Flexible sigmoidoscopy; FIT: Faecal immunochemical test; HRQOL: Health-related quality of life.
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Table 3 Number of participants scoring above the cut-off for a case of anxiety (≥ 8) at baseline and at 1-year follow-up in the
different groups n (%)
Group

Anxiety at 1 yr follow up

Control group

Before screening

Screening

Before screening

FS screening

Before screening

FIT screening

Before screening

Positive screening result

Before screening

Negative screening result

Before screening

Non anxiety
Anxiety case
Non anxiety
Anxiety case
Non anxiety
Anxiety case
Non anxiety
Anxiety case
Non anxiety
Anxiety case
Non anxiety
Anxiety case

Non anxiety

Anxiety case

1574 (82.5)
87 (4.5)
3660 (82.9)
164 (3.6)
1683 (84.0)
61 (3.0)
1977 (82.0)
103 (4.3)
292 (84.0)
11 (3.2)
3368 (82.8)
153 (3.8)

91 (4.8)
57 (8.2)
250 (5.7)
343 (7.8)
112 (5.6)
149 (7.4)
138 (5.7)
194 (8.0)
16 (4.6)
28 (8.2)
234 (5.7)
315 (7.7)

P value1

P value2

0.82

Ref.

< 0.01

0.11

< 0.01

0.06

0.08

0.32

0.49

0.58

< 0.01

0.11

1

The change observed within the group is statistically significant; 2The change observed within the group is significantly different compared to the observed
change within the control group. FS: Flexible sigmoidoscopy; FIT: Faecal immunochemical test.

compared to the changes in the control group. The
only significant difference in change scores between
participants with positive results and the control
group was that participants with positive results had
a greater worsening in the HRQOL dimension PF (M =
-3.83 vs M = -1.16, p = 0.01, respectively).

None of the statistically significant mean changes
observed fulfilled the criteria of a clinically relevant
change (= change of ½ SD or Cohen’s d of 0.5).

DISCUSSION
This is the first randomized study to measure the longterm changes in anxiety from before CRC screening
to one year after screening and to compare these
changes with those of a control group. No clinically
relevant change in anxiety, depression or HRQOL was
documented in individuals receiving a positive CRC
screening result one year after invitation to participate.
Participants who received negative screening results
reported decreased anxiety and improved HRQOL, but
this effect was temporary and not clinically relevant.
No clinically relevant psychological effects were
observed in relation to FIT participation. In contrast,
FS screening participants showed a marginally
significant higher probability of being an anxiety case
one year after screening compared to controls. The FS
participants who progressed from not having anxiety
to being considered an anxiety case showed a high
anxiety level at baseline. Overall, for the vast majority,
there were no clinically relevant psychological effects of
participation in CRC screening, while for a small group
of people, FS screening caused anxiety.
The results of the few previous studies on the
psychological effects of CRC screening are inconsistent.
Some studies find no effects of positive screening
[6,10,12]
results on long-term general anxiety
or on
[11]
HRQOL , consistent with our results. Another study
[8]
by Bobridge et al documents higher anxiety in
participants with positive compared to negative FIT
results. However, due to comorbidities, these groups
may differ prior to screening. For example, individuals
experiencing gastrointestinal symptoms, such as
anal fistula, are more likely both to have a false[26,27]
positive FOBT and to be anxious
. Consequently,

Participants with negative screening results

At the 1-year follow-up, participants with negative
results reported significantly more anxiety and a
decreased HRQOL score compared to baseline (Figure
3). However, only the change in GH significantly differed
from the control group, with the negative results group
showing a smaller worsening in GH (Table 2).

Effect of participation in screening

The change scores observed in the FIT screening
group were not statistically different from the changes
in the control group (Table 2). FS participants showed
a statistically significantly smaller worsening in GH and
a greater worsening in RP compared to the changes in
the control group.
Additionally, a significant increase in cases of
anxiety (score ≥ 8) was observed among screening
participants and FS participants from baseline to one
year after screening (Table 3). However, the observed
change in the screening group did not significantly
differ from the change in the control group, p =
0.11. The increase in cases of anxiety within the FS
group was marginally significantly different from the
change observed in the control group, p = 0.06. The
FS participants who changed from being non-cases
to cases of anxiety had both a higher mean anxiety
score (M = 5.2, SD = 1.9 vs M = 3.4, SD = 3.3) prior
to screening and a higher mean change score (M = 4.4,
SD = 2.7 vs M = 0.13, SD = 2.3) compared to the
other screening participants. However, they did not
differ from the other screening participants in terms of
screening results or demographic variables.
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the sample of participants receiving positive scree
ning results is not necessarily comparable to those
with a negative test, making within-participant
measurements necessary. Furthermore, neither the
[8]
effects documented in Bobridge’s study , or the mean
changes observed in our study, fulfill the criteria for a
[24]
clinically relevant change (of ½ SD ). Thus, there is
little evidence for the concern that receiving a positive
primary CRC screening result causes clinically relevant
long-term anxiety.
In the present study, we observed a greater
increase in the number of cases of anxiety in the
FS screening group compared to the changes in the
control group. Only one previous study has com
pared the psychosocial changes in CRC screening
[12]
participants with a group not offered screening .
That study reported no increased anxiety in screening
participants. The colonoscopy participants in that
study were informed that their whole bowel had been
visualized and that their risk of CRC was low, while our
FS participants were informed that their whole bowel
had not been visualized, which might have caused
more insecurity. Importantly, the study mentioned
above did not document within-group changes from
before to after screening.
It would be interesting to compare psychological
effects of colonoscopy screening with changes
observed in the two screening modalities in the current
study. However, because this is a pilot for a national
CRC screening programme in Norway, it was decided
to only include modalities with proven effect on CRC
mortality in randomized controlled trials (RCT). Both FS
[2]
and FIT meets this requirement , while there are no
results from RCT on colonoscopy screening available
yet. As a consequence, no participants were invited to
colonoscopy screening as a primary screening test in
the BCSN pilot study.
In this study, FS screening was associated with
an increase in cases of anxiety. One explanation of
this finding could be that the participants who were
referred to surveillance colonoscopies were the ones
who become anxious, as they were awaiting further
examinations. However, the results remained the
same when we excluded these participants, and
previous research shows no negative psychological
[28,29]
effects of being offered surveillance colonoscopies
.
While an increase in anxiety was observed among FS
participants, there was no significant psychological
effect of FIT screening. Invasive procedures are known
[30]
to be associated with more anxiety . Furthermore,
FS differs from other screening procedures in that
participants can follow the examination and observe
any polyps. How participants interpret the presence
of a polyp remains unclear, but this process can
[28]
cause worries . There are individual differences
in how individuals process information about own
health, and these differences influence the impact
[31,32]
of the information received
. In our study,
participants who progressed from being classified as
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a non-anxiety case to a case of anxiety in the year
following FS participation had a higher anxiety level
prior to screening compared to the other screening
participants. People with high self-rated anxiety can
have cognitive biases, causing them to devote more
attention to dangerous stimuli (such as cancers and an
invitation to participate in a screening program due to
being in a high-risk group) and to interpret mild threats
[33]
as highly threatening . This bias has been found to
[34]
increase anxiety levels . Further, anxious participants
[35]
have a greater fear of cancer and a higher perceived
[36]
risk of developing CRC , both of which are associated
[37,38]
with higher anxiety in screening
. Future research
should replicate our findings and investigate how
anxious people might perceive screening as less
distressing.
We observe no effect of FIT screening participation
on anxiety, short- or long term. However, for FS
screening we observe increased long-term anxiety in
[16]
a sub-group, but there was no short-term effect .
One possible explanation is that the depth of peoples
information processing depend on their emotional
[39]
states . Most people will have a negative screening
result, and people experience positive emotions and
[12,31]
relief after FS examination
. Positive emotion
cause simple information processing, meaning that
individuals think in terms of cancer or no cancer, and
are relieved as they have not received a diagnosis of
cancer. However, once the positive emotions disappear,
individuals may process their screening experience
deliberately. Individuals anxious about own health
are especially likely to do so, because they are not
[31]
reassured by CRC screening . For example, they
may process the presence and removal of polyps.
Participants with negative screening results may
focus on the fact that the whole bowel has not been
visualized in the sigmoidoscopy examination, and
consequently they did not receive the “all clear” result
they may have expected. Some individuals who had
all visible polyps removed during colonoscopy may
be afraid that new polyps can develop. To individuals
with high anxiety levels these health threats may be
perceived as very threatening.
Previous research has reported decreased anxiety
and improvements in HRQOL after receiving a negative
[12,16,40-42]
CRC screening result
, in congruence with our
results. The decreased anxiety might result from a
decreased perceived risk of CRC, which could reduce
motivation to maintain a healthy lifestyle. However, our
results show that the decreased anxiety is temporary,
disappearing within 1 year. This is reassuring, as
short-term relief is less likely to create lasting health
behavioral changes.
We used the HADS, a generic measure of anxiety,
to identify psychiatric morbidity. However, a large
meta-analysis of breast cancer screening showed that
false-positive mammograms have negative effects
on participants when measured by screening-specific
[43]
measures, but not by generic measures . In order to
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investigate the potential harms of screening programs,
it is important to document whether screening causes
psychiatric morbidity, as well as screening-specific
anxiety. Therefore, future research should replicate
our study, using a cancer-specific anxiety measure,
in order to get a complete understanding of the
psychological effects of CRC screening.

Rusten Ringstad, Torun Dyrkorn, Trine Horn, Isa Lind,
Monica Korsmo Sand, Isobel O’Gorman Arntzen,
Kristine Melbye Kolbjørnsen, Ida Jeanette Lauritsen,
Nina Stø Skukkestad, Heidi Lillian Solberg, Ann Kristin
Aarum, Nina Fladeby, Bjørg Jankila, Nina Sivertsen
Larsen, Stine Langbråten, Katrine Romstad, Kristin
Ranheim Randel, Dung Hong Nguyen, Alvilde Ossum,
Elisabeth Haagensen Gulichsen, Marie Ek Olsen,
Eirin Dalén, Mobina Nawaz, Øyvind Glåmseter, Per
Kristian Sandvei, Taran Søberg, Frode Lerang, Magne
Henriksen, Tanja Owen, Robin Holt Paulsen, Erik
Christensen and Rogelio Barreto.

Limitations

Due to the prospective design of the current study,
the number of participants who received a positive
screening result was low, limiting our ability to detect
statistically significant effects. The low response rate
might limit the generalizability of our results. CRC
[44]
screening attenders are more often married , have
[45]
a higher socioeconomic status
and better mental
[46]
health
compared to non-attendees. Consequently,
individuals who differ on these characteristics might
respond differently towards screening attendance
compared to our participants.
Participation in screening might be perceived as
a benefit to the invited individuals. Selection bias
in screening attendance might therefore differ from
the determinants of compliance in the control group,
which presented no immediate benefit to participants.
However, the FS group and control group were similar
in demographic variables, anxiety, depression and
HRQOL prior to screening. Furthermore, the screening
group and control group showed a similar change
in depression and HRQOL over 1 year. We therefore
believe that the greater increase in cases of anxiety
in the FS compared to the control group was due to
screening participation.
In conclusion, this study found no clinically rele
vant psychological harm of receiving a positive CRC
screening result one year after invitation to undergo
screening. FS screening participants, but not FIT
participants, showed a marginally significant higher
probability of having clinically meaningful anxiety
one year after screening compared to controls. Thus,
most participants who attend CRC screening do
not experience clinically relevant long-term effects
on anxiety, depression and HRQOL over one year.
However, for a smaller, possibly anxious group,
participation in FS screening may cause anxiety.

COMMENTS
COMMENTS
Background

Screening invites initially healthy people to be screened for cancer. The majority
of participants will never develop cancer but might experience psychological
stress from participation in the screening programme. It is important to
determine the benefits and harms of screening.

Research frontiers

The present study aimed to investigate possible long-term psychological harm
of participation in colorectal cancer (CRC) screening in Norway. Participants are
invited to flexible sigmoidoscopy (FS) screening or fecal immunochemical test
(FIT).

Innovations and breakthroughs

The results from previous research on psychological effects of CRC screening
are inconsistent. While recommendations for psychosocial studies of screening
recommend use of baseline and follow-up measures, and comparison to
control groups, no study have investigated changes in anxiety from before
CRC screening to after screening, and compared these changes to changes in
a group not offered screening. This study is the first to do that, and the results
show that participating in screening have no psychological effect on most
participants, while FS screening cause increased anxiety in some participants.
Participants with high levels of anxiety before screening might be vulnerable to
get anxious from FS screening.

Applications

It is important to understand benefit and harms of a screening programme,
as more countries are considering implementation of CRC screening. Further
research should focus on how to reduce anxiety in participants vulnerable to
experience increased anxiety in FS screening.

Peer-review

The paper is about the long-term psychological harm of participation in CRC
screening in Norway. An interesting paper on the attitudes towards CRC
screening that can help in designing future screening programs. Further
research is still needed to find a definitive answer.

ACKNOWLEDGMENTS

REFERENCES

We would like to thank Anita Jørgensen, Benedicte
Sofie Eilertsen, Jan Inge Nordby, Jakob Katkjær
and the devoted doctors and nurses at Bærum
Hospital and Østfold Hospital: Anna Lisa Schult,
Helge Evensen, Tone Lise Åvitsland, Øystein Rose,
Senaria Matapour, Jens Aksel Nilsen, Silje Hugin,
Ole Darre-Næss, Svein-Oskar Frigstad, Marius
Vinje, Kristine Wiencke, Jonas Koch, Hanne Margit
Mårdalen, Charlotte Noordhof, Joakim Magnussen,
Hege Marie Svendsen, Elin Rogn Andersen, Maria

WJG|www.wjgnet.com

1
2

3

9639

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108
[PMID: 25651787 DOI: 10.3322/caac.21262]
Holme Ø, Bretthauer M, Fretheim A, Odgaard-Jensen J, Hoff
G. Flexible sigmoidoscopy versus faecal occult blood testing for
colorectal cancer screening in asymptomatic individuals. Cochrane
Database Syst Rev 2013; (9): CD009259 [PMID: 24085634 DOI:
10.1002/14651858.CD009259.pub2]
Holme Ø, Løberg M, Kalager M, Bretthauer M, Hernán MA, Aas
E, Eide TJ, Skovlund E, Schneede J, Tveit KM, Hoff G. Effect of
flexible sigmoidoscopy screening on colorectal cancer incidence

November 21, 2016|Volume 22|Issue 43|

Kirkøen B et al . Psychological effects of CRC screening

4

5

6

7

8

9
10

11

12

13
14

15
16

17

18

19

and mortality: a randomized clinical trial. JAMA 2014; 312:
606-615 [PMID: 25117129 DOI: 10.1001/jama.2014.8266]
Atkin WS, Edwards R, Kralj-Hans I, Wooldrage K, Hart AR,
Northover JM, Parkin DM, Wardle J, Duffy SW, Cuzick J.
Once-only flexible sigmoidoscopy screening in prevention of
colorectal cancer: a multicentre randomised controlled trial. Lancet
2010; 375: 1624-1633 [PMID: 20430429 DOI: 10.1016/s01406736(10)60551-x]
Laing SS, Bogart A, Chubak J, Fuller S, Green BB. Psychological
distress after a positive fecal occult blood test result among
members of an integrated healthcare delivery system. Cancer
Epidemiol Biomarkers Prev 2014; 23: 154-159 [PMID: 24220914
DOI: 10.1158/1055-9965.epi-13-0722]
Brasso K, Ladelund S, Frederiksen BL, Jørgensen T. Psychological
distress following fecal occult blood test in colorectal cancer
screening--a population-based study. Scand J Gastroenterol 2010;
45: 1211-1216 [PMID: 20443744 DOI: 10.3109/00365521.2010.4
85355]
Denters MJ, Deutekom M, Essink-Bot ML, Bossuyt PM, Fockens
P, Dekker E. FIT false-positives in colorectal cancer screening
experience psychological distress up to 6 weeks after colonoscopy.
Support Care Cancer 2013; 21: 2809-2815 [PMID: 23729229
DOI: 10.1007/s00520-013-1867-7]
Bobridge A, Bampton P, Cole S, Lewis H, Young G. The
psychological impact of participating in colorectal cancer screening
by faecal immuno-chemical testing--the Australian experience. Br
J Cancer 2014; 111: 970-975 [PMID: 24983363 DOI: 10.1038/
bjc.2014.371]
Parker MA, Robinson MH, Scholefield JH, Hardcastle JD.
Psychiatric morbidity and screening for colorectal cancer. J Med
Screen 2002; 9: 7-10 [PMID: 11943790]
Kapidzic A, Korfage IJ, van Dam L, van Roon AH, Reijerink JC,
Zauber AG, van Ballegooijen M, Kuipers EJ, van Leerdam ME.
Quality of life in participants of a CRC screening program. Br J
Cancer 2012; 107: 1295-1301 [PMID: 22955850 DOI: 10.1038/
bjc.2012.386]
Taylor KL, Shelby R, Gelmann E, McGuire C. Quality of life and
trial adherence among participants in the prostate, lung, colorectal,
and ovarian cancer screening trial. J Natl Cancer Inst 2004; 96:
1083-1094 [PMID: 15265970 DOI: 10.1093/jnci/djh194]
Thiis-Evensen E, Wilhelmsen I, Hoff GS, Blomhoff S, Sauar
J. The psychologic effect of attending a screening program for
colorectal polyps. Scand J Gastroenterol 1999; 34: 103-109 [PMID:
10048741]
Bray F, Wibe A, Dørum LM, Møller B. [Epidemiology of
colorectal cancer in Norway]. Tidsskr Nor Laegeforen 2007; 127:
2682-2687 [PMID: 17952152]
Bretthauer M, Ekbom A, Malila N, Stefansson T, Fischer A,
Hoff G, Weiderpass E, Tretli S, Trygvadottir L, Storm H, Holten I,
Adami HO. [Politics and science in colorectal cancer screening].
Tidsskr Nor Laegeforen 2006; 126: 1766-1767 [PMID: 16794676]
Bretthauer M, Hoff G. Comparative effectiveness research in
cancer screening programmes. BMJ 2012; 344: e2864 [PMID:
22628002 DOI: 10.1136/bmj.e2864]
Kirkøen B, Berstad P, Botteri E, Åvitsland TL, Ossum AM, de
Lange T, Hoff G, Bernklev T. Do no harm: no psychological harm
from colorectal cancer screening. Br J Cancer 2016; 114: 497-504
[PMID: 26867161 DOI: 10.1038/bjc.2016.14]
Mykletun A, Stordal E, Dahl AA. Hospital Anxiety and
Depression (HAD) scale: factor structure, item analyses and
internal consistency in a large population. Br J Psychiatry 2001;
179: 540-544 [PMID: 11731359]
Loge JH, Kaasa S, Hjermstad MJ, Kvien TK. Translation and
performance of the Norwegian SF-36 Health Survey in patients
with rheumatoid arthritis. I. Data quality, scaling assumptions,
reliability, and construct validity. J Clin Epidemiol 1998; 51:
1069-1076 [PMID: 9817124]
Loge JH, Kaasa S. Short form 36 (SF-36) health survey: normative
data from the general Norwegian population. Scand J Soc Med
1998; 26: 250-258 [PMID: 9868748]

WJG|www.wjgnet.com

20
21
22
23

24

25
26
27
28

29

30
31

32

33

34
35

36
37

38

39

9640

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand 1983; 67: 361-370 [PMID: 6880820]
Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health
Survey: construction of scales and preliminary tests of reliability
and validity. Med Care 1996; 34: 220-233 [PMID: 8628042]
Ware J, Kosinski M. Physical and mental health summary scales:
A manual for users of Version 1. Lincoln, RI: Quality Metric. Inc,
2001
Olssøn I, Mykletun A, Dahl AA. The Hospital Anxiety and
Depression Rating Scale: a cross-sectional study of psychometrics
and case finding abilities in general practice. BMC Psychiatry
2005; 5: 46 [PMID: 16351733 DOI: 10.1186/1471-244x-5-46]
Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes
in health-related quality of life: the remarkable universality of
half a standard deviation. Med Care 2003; 41: 582-592 [PMID:
12719681 DOI: 10.1097/01.mlr.0000062554.74615.4c]
Cohen J. Statistical power analysis for the behavioral sciences.
New York: Academic Press, 1969
Haug TT, Mykletun A, Dahl AA. Are anxiety and depression
related to gastrointestinal symptoms in the general population?
Scand J Gastroenterol 2002; 37: 294-298 [PMID: 11916191]
Cioli VM, Gagliardi G, Pescatori M. Psychological stress in
patients with anal fistula. Int J Colorectal Dis 2015; 30: 1123-1129
[PMID: 25976930 DOI: 10.1007/s00384-015-2245-3]
Miles A, Atkin WS, Kralj-Hans I, Wardle J. The psychological
impact of being offered surveillance colonoscopy following
attendance at colorectal screening using flexible sigmoidoscopy. J
Med Screen 2009; 16: 124-130 [PMID: 19805753 DOI: 10.1258/
jms.2009.009041]
Liljegren A, Lindgren G, Brandberg Y, Rotstein S, Nilsson B,
Hatschek T, Jaramillo E, Lindblom A. Individuals with an increased
risk of colorectal cancer: perceived benefits and psychological
aspects of surveillance by means of regular colonoscopies. J Clin
Oncol 2004; 22: 1736-1742 [PMID: 15117997 DOI: 10.1200/
jco.2004.04.138]
Weller A, Hener T. Invasiveness of medical procedures and state
anxiety in women. Behav Med 1993; 19: 60-65 [PMID: 8280963
DOI: 10.1080/08964289.1993.9937566]
Miles A, Wardle J. Adverse psychological outcomes in colorectal
cancer screening: does health anxiety play a role? Behav Res
Ther 2006; 44: 1117-1127 [PMID: 16243291 DOI: 10.1016/
j.brat.2005.08.011]
Williams-Piehota P, Schneider TR, Pizarro J, Mowad L,
Salovey P. Matching health messages to information-processing
styles: need for cognition and mammography utilization. Health
Commun 2003; 15: 375-392 [PMID: 14527864 DOI: 10.1207/
s15327027hc1504_01]
Bar-Haim Y, Lamy D, Pergamin L, Bakermans-Kranenburg MJ,
van IJzendoorn MH. Threat-related attentional bias in anxious and
nonanxious individuals: a meta-analytic study. Psychol Bull 2007;
133: 1-24 [PMID: 17201568 DOI: 10.1037/0033-2909.133.1.1]
Mathews A, MacLeod C. Induced processing biases have causal
effects on anxiety. Cogn Emot 2002; 16: 331-354 [DOI: 10.1080/0
2699930143000518]
Vrinten C, van Jaarsveld CH, Waller J, von Wagner C, Wardle
J. The structure and demographic correlates of cancer fear. BMC
Cancer 2014; 14: 597 [PMID: 25129323 DOI: 10.1186/1471-2407
-14-597]
Robb KA, Miles A, Wardle J. Demographic and psychosocial
factors associated with perceived risk for colorectal cancer. Cancer
Epidemiol Biomarkers Prev 2004; 13: 366-372 [PMID: 15006910]
Drossaert CH, Boer H, Seydel ER. Monitoring women’s ex
periences during three rounds of breast cancer screening: results
from a longitudinal study. J Med Screen 2002; 9: 168-175 [PMID:
12518007]
Absetz P, Aro AR, Sutton SR. Experience with breast cancer, prescreening perceived susceptibility and the psychological impact of
screening. Psychooncology 2003; 12: 305-318 [PMID: 12748969
DOI: 10.1002/pon.644]
Bless H, Bohner G, Schwarz N, Strack F. Mood and Persuasion: A

November 21, 2016|Volume 22|Issue 43|

Kirkøen B et al . Psychological effects of CRC screening

40
41

42

43

Cognitive Response Analysis. Person Soc Psychol Bull 1990; 16:
331-345 [DOI: 10.1177/0146167290162013]
Wardle J, Williamson S, Sutton S, Biran A, McCaffery K, Cuzick
J, Atkin W. Psychological impact of colorectal cancer screening.
Health Psychol 2003; 22: 54-59 [PMID: 12558202]
Taupin D, Chambers SL, Corbett M, Shadbolt B. Colonoscopic
screening for colorectal cancer improves quality of life measures:
a population-based screening study. Health Qual Life Outcomes
2006; 4: 82 [PMID: 17044941 DOI: 10.1186/1477-7525-4-82]
Pizzo E, Pezzoli A, Stockbrugger R, Bracci E, Vagnoni E, Gullini S.
Screenee perception and health-related quality of life in colorectal
cancer screening: a review. Value Health 2011; 14: 152-159 [PMID:
21211497 DOI: 10.1016/j.jval.2010.10.018]
Salz T, Richman AR, Brewer NT. Meta-analyses of the effect of
false-positive mammograms on generic and specific psychosocial

44

45

46

outcomes. Psychooncology 2010; 19: 1026-1034 [PMID:
20882572 DOI: 10.1002/pon.1676]
van Jaarsveld CH, Miles A, Edwards R, Wardle J. Marriage and
cancer prevention: does marital status and inviting both spouses
together influence colorectal cancer screening participation? J Med
Screen 2006; 13: 172-176 [PMID: 17217605]
Pornet C, Dejardin O, Morlais F, Bouvier V, Launoy G.
Socioeconomic determinants for compliance to colorectal
cancer screening. A multilevel analysis. J Epidemiol Community
Health 2010; 64: 318-324 [PMID: 19740776 DOI: 10.1136/
jech.2008.081117]
Kodl MM, Powell AA, Noorbaloochi S, Grill JP, Bangerter AK,
Partin MR. Mental health, frequency of healthcare visits, and
colorectal cancer screening. Med Care 2010; 48: 934-939 [PMID:
20706162 DOI: 10.1097/MLR.0b013e3181e57901]
P- Reviewer: Lakatos PL, Riss S, Verma M S- Editor: Gong ZM
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

9641

November 21, 2016|Volume 22|Issue 43|

World J Gastroenterol 2016 November 21; 22(43): 9642-9649
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i43.9642

© 2016 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Use of the Endocuff during routine colonoscopy examination
improves adenoma detection: A meta-analysis
Matthew Chin, William Karnes, M Mazen Jamal, John G Lee, Robert Lee, Jason Samarasena, Matthew L Bechtold,
Douglas L Nguyen
Received: July 22, 2016
Peer-review started: July 25, 2016
First decision: September 12, 2016
Revised: September 24, 2016
Accepted: October 19, 2016
Article in press: October 19, 2016
Published online: November 21, 2016

Matthew Chin, William Karnes, John G Lee, Robert
Lee, Jason Samarasena, Douglas L Nguyen, Division of
Gastroenterology and Hepatology, University of California
Irvine, Orange, CA 92868, United States
M Mazen Jamal, Division of Gastroenterology, Long Beach
Veterans Affairs Health System, Long Beach, CA 90822, United
States
Matthew L Bechtold, Division of Gastroenterology, University
of Missouri Health, Columbia, MO 65201, United States

Abstract

Author contributions: Chin M and Nguyen DL contributed to
conception, design and acquisition of data; Chin M, Bechtold
ML and Nguyen DL contributed to analysis and interpretation of
data; Chin M, Karnes W, Lee JG, Lee R, Samarasena J, Bechtold
ML and Nguyen DL contributed to drafting of manuscript; Chin
M, Karnes W, Lee JG, Lee R, Samarasena J, Bechtold ML and
Nguyen DL contributed to critical revision of manuscript; Jamal
MM, Bechtold ML and Nguyen DL were statistical expertise.

AIM
To perform meta-analysis of the use of Endocuff during
average risk screening colonoscopy.
METHODS
Scopus, Cochrane databases, MEDLINE/PubMed,
and CINAHL were searched in April 2016. Abstracts
from Digestive Disease Week, United European
Gastroenterology, and the American College of
Gastroenterology meeting were also searched from
2004-2015. Studies comparing EC-assisted colonoscopy
(EAC) to standard colonoscopy, for any indication, were
included in the analysis. The analysis was conducted
by using the Mantel-Haenszel or DerSimonian and Laird
models with the odds ratio (OR) to assess adenoma
detection, cecal intubation rate, and complications
performed.
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RESULTS
Nine studies (n = 5624 patients) were included in
the analysis. Compared to standard colonoscopy,
procedures performed with EC had higher frequencies
for adenoma (OR = 1.49, 95%CI: 1.23-1.80; P = 0.03),
and sessile serrated adenomas detection (OR = 2.34
95%CI: 1.63-3.36; P < 0.001). There was no significant
difference in cecal intubation rates between the EAC
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adenomas (SSAs) . Through the microsatellite
instability pathway, such polyps have been shown to
carry a significant risk of progression to malignant
[11]
change . However, SSAs are known to have tradi
tionally indiscriminate borders and similar endoscopic
appearance to other benign colorectal lesions, re
presenting a particular challenge for the endoscopist.
A number of endoscopic devices have been de
veloped in an effort to improve colonoscopic polyp
detection and subsequent removal. One such device,
the EC (Arc Medical Design Ltd., Leeds, England), is a
cap designed to be affixed to the colonoscope head and
is comprised of soft projections which remain flattened
during insertion and project out, on withdrawal, to
spread out the colonic folds. Early experience with the
EC suggested that it improved visualization, appeared
to have improved polyp detection and facilitated
[12]
polypectomy .
A number of studies have been published com
paring the efficacy of EC-assisted colonoscopy (EAC) to
that of standard colonoscopy. We performed a metaanalysis of these studies, with a particular interest in
adenoma detection, SSA detection, right-sided polyp
detection, and other performance characteristics
including cecal intubation and complication rates in
order to quantitatively summarize the safety and
efficacy of EAC.

group and standard colonoscopy (OR = 1.26, 95%CI:
2
0.70-2.27, I = 0%; P = 0.44). EAC was associated with
a higher risk of complications, most commonly being
superficial mucosal injury without higher frequency for
perforation.
CONCLUSION
The use of an EC on colonoscopy appears to improve
pre-cancerous polyp detection without any difference in
cecal intubation rates compared to standard colonoscopy.
Key words: Colonoscopy; Endocuff; Adenoma detection
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our meta-analysis of more than 5000 patients
demonstrates that when compared to traditional
colonoscopy, the use of an Endocuff device improves
adenoma detection rates without any adverse effect
on procedural efficiency or increased risk of significant
adverse events.
Chin M, Karnes W, Jamal MM, Lee JG, Lee R, Samarasena J,
Bechtold ML, Nguyen DL. Use of the Endocuff during routine
colonoscopy examination improves adenoma detection: A
meta-analysis. World J Gastroenterol 2016; 22(43): 9642-9649
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i43/9642.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i43.9642

MATERIALS AND METHODS
Literature search

A three-point systematic and comprehensive literature
search was performed on multiple databases. First,
Scopus, Cochrane databases, MEDLINE/PubMed, and
CINAHL were searched in April 2016. Search terms
were “Endocuff”, “Endocuff and colonoscopy”, “Endocuff
and adenoma detection”, and “Endocuff and polyp
detection”. Second, abstracts from Digestive Disease
Week, United European Gastroenterology, and the
American College of Gastroenterology meeting were
searched from 2004-2015 using the same terms.
Third, all the references from the reviewed articles
were searched for any other articles that may have
been missed. Authors were contacted if the data
needed clarification or were not complete.

INTRODUCTION
Colorectal cancer is one of the most frequently
[1,2]
occurring tumors in the industrialized world . One
unique benefit of colonoscopy over other noninvasive
methods of cancer screening is the potential to not
only diagnose precancerous adenomatous polyps,
but also to remove them endoscopically and thereby
[3]
reduce colorectal cancer morbidity and mortality .
However, even with excellent colonoscopic technique,
some poorly visualized areas of the colon, such as
behind folds and at the inner curves of flexures, can be
difficult to examine. On tandem colonoscopy studies,
adenoma miss rates as high as 27% have been
[4]
reported , and subsequent population-based studies
have revealed an interval cancer rate after colonoscopy
[5,6]
as high as 3%-8% . Investigation has revealed that
the adenoma detection rate (ADR), the proportion
of one provider’s colonoscopies during which at least
one adenoma can be detected, correlates inversely a
[7,8]
patient’s risk of developing an interval cancer . These
findings have led to intense interest in using ADR as a
measure of colonoscopy quality.
Another recent area of interest is the observation
[9]
that the majority of interval cancers are right-sided
possibly from missed right-sided sessile serrated

WJG|www.wjgnet.com

Data extraction

Studies on adult patients undergoing colonoscopy that
compared EAC to standard colonoscopy were included.
Two reviewers (Chin M and Nguyen DL) searched the
articles and extracted the data independently with any
disagreements being settled by a third party (Bechtold
ML) or consensus decision.

Study quality assessment

The quality of studies was assessed using the Effective
Public Health Practice Project model. This scale
assesses study quality as strong, moderate, or weak
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Potentially relevant articles (93)
Excluded (71):
Not related to colonoscopy (44)
Foreign language (7)
Duplicates (20)
Potentially appropriate articles
(22)

Excluded (13):
No comparison group (5)
Simulated model (1)
Reviews (5)
Editorial (2)

Included in final analysis (9)

Figure 1 Article selection.

based upon criteria ratings for selection bias, study
design, confounders, blinding, data collection methods,
withdrawal and dropout descriptions, intervention
integrity, and analysis. The quality of the study is
based upon the number of weak ratings per category
(≥ 2 wk ratings = weak, one weak rating = moderate,
and no weak rating = strong).

colonoscopy were included in the final analysis.

Study details

Statistical analysis

A meta-analysis was performed between EAC compared
to the standard colonoscopy. Pooled estimates analyses
were conducted for ADR, SSA detection rate, right-sided
polyp detection, and cecal intubation. Results were
presented as odds ratio (OR) using the Mantel-Haenszel
fixed effect model in outcomes with no heterogeneity,
and the DerSimonian and Laird, the random effects
model in outcomes with significant heterogeneity. The
2
2
I measure of inconsistency (P < 0.10 or I > 50%
was significant) was utilized to assess heterogeneity.
If statistically significant heterogeneity was identified,
the results underwent a separate sensitivity analysis.
This analysis removed specific studies and re-examined
outcome results for continued heterogeneity. RevMan
5.3 (Review Manager, Version 5.3, Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2012) was used for statistical analysis. Funnel plots
were analyzed for presence of publication bias. A
biomedical statistician familiar with the study design
performed statistical review.

Cecal intubation

There were three studies that evaluated the cecal
[16,17,21]
intubation time
(Table 1). The reported ave
rage cecal intubation times between the EC group
were relatively similar to the standard colonoscopy
group, with EC group being between 7.0 to 11.7
min compared to 8.3 to 10.7 min in the standard
colonoscopy group. In the pooled analysis of four
of the nine studies (n = 1899) that evaluated the
[14,15,19,21]
cecal intubation rate (Figure 2)
, the results
were similar between the EC group compared to the
standard colonoscopy group (OR = 1.26 95%CI:
2
0.70-2.27, I = 0%; P = 0.44).

RESULTS
Study selection

The initial literature search yielded 93 articles and
abstracts (Figure 1). Of the 93 articles, 71 were
excluded because they were in a foreign language,
duplicates, or did not involve colonoscopy examinations.
Of the remaining 22 potentially appropriate articles
and abstracts, 13, were excluded due to the lack of a
comparison group, the use of the device in an anatomic
model, or for being reviews or editorial comments. A
total of 9 studies comparing EAC with conventional

WJG|www.wjgnet.com

[13-21]

Of the nine included comparative studies
, sum
marized in Table 1, four were retrospective cohort
studies, four were prospective randomized controlled
trials, and one was a prospective observational study.
Indications for colonoscopy varied across the index
study including average risk screening, high risk
screening due to family history, surveillance due to
history of previous polyps, follow up for positive stool
testing (FOBT or FIT), and diagnostic procedures
for concerning symptoms including pain, changes in
quality of stools, anemia, or hematochezia. Exclusion
criteria also varied across the studies including history
of recurrent diverticulitis, colonic stricture, or previous
colonic surgery. All studies included procedures
performed at academic hospitals with the exception of
[18]
Shah-Ghassemzadeh et al , which indexed patients
[19]
at VA hospital, and Cattau et al , which included
procedures performed in a community settings.

Adenoma detection rate

Of the nine studies included in the analysis, eight (n =
[13-19,21]
4387) reported ADR as an outcome (Figure 3)
.
Overall, there was a higher ADR in the EC group
of 50.4% compared to the standard colonoscopy
2
group of 43.3% (OR = 1.49 95%CI: 1.23-1.80, I =
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Study design

Location
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9645

Prospective
randomized multi
center RCT

Retrospective chart
review

Retrospective chart
review

Cattau et al[19]
2015

Grewal et al[20]
2015

Chin et al[21]
2015

California

California

Tennessee

California

Netherlands

4/13-9/14

Academic

Academic

Academic

Community

Veterans
Affair’s
Hospital

8/14-5/15

8/14-5/15

NR

1/14-2/15

8/13-10/14

2/14-7/14

Academic

Academic

2/13-8/13

9/13-11/13

Study period

Academic,
community
Academic

Practice setting

Screening

Screening,
surveillance,
diagnostic

Screening

Screening,
diagnostic

Surveillance, FIT
positive, family
history, diagnostic

Screening,
surveillance
Screening,
surveillance,
diagnostic
Screening,
surveillance,
diagnostic
Screening

Procedure
Indication

510

1237

658

449

1063

399

492

498

318

Number
patients
NR

Age (yr)

417 male
(92.9%)
32 female
(7.1%)
317 male
(48.2%)
341 female
(51.8%)
595 male
(48.1%)
642 female
(51.9%)
234 male
(45.9%)
276 female
(54.1%)

549 Male
(51.6%)
514 Female
(48.4%)

Median (IQR)

57 (52-61),

Median (IQR)

61 (54-69)

mean ± SD

58 ± 8,

NR

Median

65,

249 male (50%) 67 (56-75),
249 female Median (IQR)
(50%)
231 male (47%) 64 (54-73),
261 female Median (IQR)
(53%)
NR
NR

NR

Gender

ADR

SSADR

ADR

ADR, SSADR

Adenomas/
patient, ADR

ADR

ADR

Polyps/
procedure

ADR

Primary
outcome

45%

56%

NR

46%

50%

49%

62%

53%

54%

58%

69%

35%
21%

47%
30%
35%
27%

ADR
EAC
standard

NR

NR

NR

Elective removal
(22)
Post-polypectomy
bleeding (2)
Thromboembolic
event (1)
NR

Elective removal
(1)
Discomfort (1)

Mucosal injury
(18)

Mucosal injury (9)
Loss of cuff (6)

NR

EAC
Complications

99%/12 min
(mean)
97%/11 min
(mean)

NR/NR

NR/NR

98%/NR

99%/NR

NR/NR

NR/NR

NR/7.5 min
(mean)
NR/9.5 min
(mean)
98%/7 min
(median)
99%/8.3 min
(median)

96%/NR
94%/NR

NR/NR
NR/NR
98%/NR
98%/NR

Cecal intubation
rate/time EAC
standard

55%; P = 0.03). The number of procedures needed to be performed with EC in order to yield one additional procedure with an adenoma was 14. Given the significant
[15]
heterogeneity, we performed a sensitivity analysis through exclusion of the Floer et al study because it reported the lowest adenoma detection amongst the studies.
Results remained statistically significant, favoring higher adenoma detection rate in the EC group compared to the standard colonoscopy (OR = 1.42 95%CI: 1.18-1.72,

ADR: Adenoma detection rate; EAC: Endocuff assisted colonoscopy; FIT: Fecal immunohistochemical testing; IQR: Interquartile range; NR: Not reported; RCT: Randomized, controlled trial; SSADR: Sessile serrated adenoma
detection rate.

Retrospective chart
review

Randomized
prospective 5-center
RCT

Shah et al[18]
2015

van Doorn et
al[17] 2015

Marsano et al[13] Retrospective chart
New York
2014
review
Biecker et al[14]
Randomized
Germany
2015
prospective 2-center
RCT
Floer et al[15]
Randomized
Germany
2014
prospective 4-center
RCT
Tsiamoulos et
Prospective
United Kingdom
al[16] 2015
observational single
center

Ref.

Table 1 Study details
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Odds ratio

Odds ratio

Events

Endocuff
Total

Events

Total

Weight

M-H, random, 95%CI

M-H, random, 95%CI

240
232
233
130

245
234
243
133

248
270
234
263

253
276
249
266

22.0%
13.3%
51.4%
13.3%

0.97 (0.28, 3.39)
2.58 (0.52, 12.89)
1.49 (0.66, 3.39)
0.49 (0.10, 2.48)

Total (95%CI)
855
1044
Total events
835
1015
2
2
2
Heterogeneity: Tau = 0.00; χ = 2.39, df = 3 (P = 0.50); I = 0%
Test for overall effect: Z = 0.77 (P = 0.44)

100.0%

1.26 (0.70, 2.27)

Study or subgroup
Biecker et al 2014
Chin et al 2015
Floer et al 2014
Tsiamoulous et al 2015

Without Endocuff

0.01
0.1
1
10
100
Favours no Endocuff Favours Endocuff

Figure 2 Cecal intubation.
Endocuff
Study or subgroup
Biecker et al 2014
Cattau et al 2015
Chin et al 2015
Floer et al 2014
Marsano et al 2014
Shah et al 2015
Tsiamoulous et al 2015
van Doorn et al 2015

Without Endocuff

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

Events

Total

Events

Total

Weight

86
164
131
85
78
136
92
286

245
329
234
243
165
219
133
530

68
153
124
52
46
113
154
282

253
329
276
249
153
230
266
533

12.0%
14.5%
13.0%
11.3%
9.8%
12.2%
10.3%
17.0%

1.47
1.14
1.56
2.04
2.09
1.70
1.63
1.04

100.0%

1.49 (1.23, 1.80)

Total (95%CI)
2098
2289
Total events
1058
992
2
2
2
Heterogeneity: Tau = 0.04; χ = 15.48, df = 7 (P = 0.03); I = 55%
Test for overall effect: Z = 4.13 (P < 0.0001)

(1.00,
(0.84,
(1.10,
(1.36,
(1.31,
(1.16,
(1.05,
(0.82,

2.16)
1.55)
2.21)
3.05)
3.31)
2.47)
2.54)
1.33)

0.01
0.1
1
10
100
Favours no Endocuff Favours Endocuff

Figure 3 Adenoma detection rate.
Odds ratio

Odds ratio

Study or subgroup

Events

Endocuff
Total

Events

Without Endocuff
Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Biecker et al 2014
Chin et al 2015
Marsano et al 2014

69
93
53

245
234
165

47
89
28

253
276
153

32.5%
48.2%
19.3%

1.72 (1.13, 2.62)
1.39 (0.96, 1.99)
2.11 (1.25, 3.57)

Total (95%CI)
644
Total events
215
164
2
2
Heterogeneity: χ = 1.77, df = 2 (P = 0.41); I = 0%
Test for overall effect: Z = 3.96 (P < 0.0001)

682

100.0%

1.63 (1.28, 2.08)

0.01
0.1
1
10
100
Favours no Endocuff Favours Endocuff

Figure 4 Right-sided polyp detection.
2

I = 50%, P < 0.01). Furthermore, if only indexing
[14,15,17,19]
randomized control trials in the meta-analysis
there remains statistically significant higher adenoma
detection rate in the EC compared to the standard
2
colonoscopy group (OR = 1.33 95%CI: 1.01-1.76; I
= 66%, P = 0.03).

rates with EC compared to standard colonoscopy.
There was a higher SSA detection rate in the EAC
group of 11.6% compared to the standard colonoscopy
2
of 5.6% (OR = 2.34, 95%CI: 1.63-3.36; I = 52%;
P < 0.001) (Figure 5). The number of procedures
needed to be performed with EC in order to yield one
additional procedure with a sessile serrated adenoma
was 17.

Right-sided polyp detection rate
[13,14,20]

A total of three studies
(n = 1326) evaluated the
right-sided polyp detection rate using the EC compared
to the standard colonoscopy. Overall, there was an
enhanced rate of detection of right-sided colonic polyps
in the EC group of 33.4% compared to 24.0% (OR =
2
1.63, 95%CI: 1.28-2.08, I = 0%; P < 0.001) (Figure 4).

Complication rate

Four studies (n = 2452) reported complication
[14-17]
rates
. The complication rate was higher in the EAC
group than the standard colonoscopy group (5.47%
vs 0.61%, P < 0.001). The most commonly reported
complication was clinically insignificant superficial
mucosal injury, which was reported in 27 patients in
the EC group (2.3%). A total of 23 patients (2.0%)

Sessile serrated adenoma detection rate
[18,20]

Two studies

(n = 1686) evaluated SSA detection
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Odds ratio

Odds ratio

Study or subgroup

Events

Endocuff
Total

Events

Without Endocuff
Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Grewal et al 2015
Shah et al 2015

62
20

485
219

50
5

752
230

88.5%
11.5%

2.06 (1.39, 3.04)
4.52 (1.67, 12.27)

Total (95%CI)
704
Total events
82
55
2
2
Heterogeneity: χ = 2.09, df = 1 (P = 0.15); I = 52%
Test for overall effect: Z = 4.62 (P < 0.00001)

982

100.0%

2.34 (1.63, 3.36)
0.01
0.1
1
10
100
Favours no Endocuff Favours Endocuff

Figure 5 Sessile serrated adenoma detection.

in the EC group required removal of the device due
to patient discomfort and the procedure was then
successfully completed without the EC. The next most
common complication was the loss of the device, and
subsequent retrieval, on withdrawal, reported in only
one study, occurring in 6 (0.52%) EC patients. No
perforations were reported in the EC group.

retrospective, non-randomized nature of many of
the included studies makes it difficult to exclude the
possibility that providers may have preferentially
performed standard colonoscopy in those with
perceived difficult anatomy.
Our study has several limitations and revealed
some unanswered questions regarding the potential
benefit of EAC over standard colonoscopy. The
variability of study designs and outcome measures
in this analysis resulted significant heterogeneity.
Only English-language studies were included in the
analysis, which may introduce publication bias. None
of the included studies were performed in tandem
fashion, making it difficult to draw conclusions on the
incremental benefit of EAC over standard colonoscopy,
especially in standard-risk verses high-risk population.
While some studies reported whether the EC needed
[16,17]
to be removed due to patient discomfort
, no
one provided quantified data on patient comfort,
or requirement for increased sedation. Our pooled
analysis showed the number needed to treat of 14 to
achieve one additional adenoma-positive procedure
but whether EAC is cost effective or not remains
to be determined. The included studies include a
heterogeneous list of indications for colonoscopy,
which makes conclusions regarding the efficacy of
routine EC use on screening colonoscopy somewhat
difficult to reach. Finally, bowel prep quality is known
[23]
to be associated with improved colonoscopy quality ,
yet this important variable was incompletely reported
in the included studies, and could confound polyp
detection rates, procedural efficiency and safety.
A transparent cap has been used most often
prior to the Endocuff to improve polyp detection on
colonoscopy. Although it is supposed to improve
visualization, the benefit appears to such devices
has proven to be modest, with one recent metaanalysis of 16 studies showing a relative risk of
1.08 for polyp detection and a second analysis of 12
[24,25]
studies demonstrating an odds ratio of 1.13
for
cap assisted over standard colonoscopy. The fingerlike projections of the Endocuff™ could be better at
spreading out the folds to improve detection of polyps
explaining the more robust odds ratio for adenoma
detection with EAC of 1.49 in our study.
There are several other recently developed acces

DISCUSSION
Colonoscopy with adenoma detection and removal is
widely considered the gold standard for the prevention
of colorectal cancer, but is limited by an adenoma
[4]
miss rate as high as 27% . In an effort to increase
the effectiveness of colonoscopy, recent interest
has evolved around the development of a variety
of techniques and devices to improve our ability to
examine areas of the colon that are difficult to see
including behind folds and turns.
Our meta-analysis of nine comparative studies
on one such device, the EC showed benefit over
conventional colonoscopy. Strengths of our analysis
include variety of clinical settings, including multinational academic and community settings and, wide
variety of patient populations, in which the EC device
was shown to improve polyp detection. In particular,
EAC was associated with improved adenoma detection.
Other benefits were also appreciated in the EAC group
when analyzing right-sided adenoma detection and
SSA detection.
One concern regarding the use of the EC is that
the device may limit cecal intubation in those patients
with traditionally difficult anatomy such as angulation,
diverticulosis, or previous abdominal surgery, but only
2% of patients required the removal of the EC device
due to technical difficulty in studies reporting such
events. The procedures were subsequently completed
with a standard colonoscope in all patients. The use of
an EC did not effect cecal intubation rate or procedure
time. Reported complications were minimal and similar
to early observational studies of the device and were
[12,22]
limited largely to superficial mucosal trauma
.
However, some studies excluded patients with previous
abdominal surgery, history of colonic stricture, or
recent diverticulitis, i.e., those in whom Endocuff
might be more difficult to use in. Furthermore, the
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sories that functionally provide the same benefit
of spreading folds and affixing the colonoscope in
the lumen. These include the EndoRing™ (EndoAid, Caesarea, Israel), which is comprised of several
clear rings on a cuff designed to be affixed to the
colonoscope tip, or the G-Eye™ system (Smart Medical
Systems Ltd, Ra-anana, Israel), a novel colonoscope
with a balloon integrated at the scope tip that is
designed to be inflated upon withdrawal. Several
small preliminary studies comparing the EndoRing™
and G-Eye™ system to conventional colonoscopy do
suggest some benefit to adenoma detection with such
[26-28]
devices
, but clinical data are relatively scant when
compared to the Endocuff™. Furthermore, the G-Eye™
system is not yet commercially approved for use in the
United States.
In conclusion, EAC improves adenoma detection
without any significant adverse effect on procedural
efficiency. Further prospective randomized trials or
cost-effectiveness studies of an approach of using the
Endocuff on routine screening colonoscopy would be
warranted.

3

4
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Abstract
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Choroidal and skin metastasis of colon cancer is rare.
In women, the frequency of cutaneous metastasis from
colon cancer as the primary lesion in is 9% and skin
metastasis occurs in 0.81% of all colorectal cancers.
We report a patient with colonic adenocarcinoma who
presented with visual disorder in her right eye and scalp
pain as her initial symptoms. Contrast-enhance orbital
magnetic resonance imaging with fat suppression
revealed an infrabulbar mass, and skin biopsy of the
posterior parietal scalp confirmed adenocarcinoma.
These symptoms were diagnosed as being caused
by choroidal and skin metastases of colonic ade
nocarcinoma. We started palliative chemotherapy with
2
oral capecitabine (1000 mg/m , twice a day, on days
1-14) every 3 wk, which was effective at shrinking the
brain masses and improving the visual disorder. This is
the first report that capecitabine is effective at reducing
a choroidal and cutaneous metastatic lesion from rightsided colorectal cancer.
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A

Core tip: This case report describes a rare choroidal
and skin metastasis of colon cancer and demonstrates
that capecitabine is effective at reducing a choroidal
and skin metastatic lesion from right-sided colorectal
cancer.
Ha JY, Oh EH, Jung MK, Park SE, Kim JT, Hwang IG.
Choroidal and skin metastases from colorectal cancer. World J
Gastroenterol 2016; 22(43): 9650-9653 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i43/9650.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i43.9650

B

INTRODUCTION
Choroidal and skin metastases from colorectal cancer
are very rare, and it has never been reported in Korea.
The uvea consists of the iris, ciliary body, and choroid.
Uveal metastasis is reported in 4% of patients who
have a primary cancer in the gastrointestinal tract.
Metastasis has been found in the iris in 90 (9%), the
ciliary body in 22 (2%), and the choroid in 838 (88%)
[1]
of the 950 metastatic foci in the uvea . Choroidal
metastasis from colon cancer has only been reported
in 14 cases in the literature, and the frequency of
skin metastasis in colorectal carcinoma has been
reported in only 2.3%-6% of cases. Here, we report
a patient with colon cancer who presented with visual
disturbance and a palpable mass in her scalp.

C

CASE REPORT
A 78-year-old woman visited our hospital in May
2013 complaining of epigastric pain and indigestion.
To evaluate these problems, a biopsy was conducted
by gastroduodenoscopy and colonoscopy, and colon
cancer was diagnosed with no metastasis (cT2N1M0).
Laparoscopic right colectomy was performed, and
stage ⅡA (pT3N0M0) colon cancer was determined.
The final pathological findings revealed no residual
tumor cells in the colon and no metastasis in the
lymph nodes (0/19).
The patient received postoperative adjuvant
chemotherapy with 5-fluorouracil plus leucovorin for
12 cycles. Six months after adjuvant chemotherapy,
chest computed tomography (CT) revealed a 4-mm
enhanced lung nodule that remained aggravated for 3
mo. Hematogenous lung metastasis was identified by
18
F-fluorodeoxyglucose-positron emission tomography/
computed tomography (Figure 1). At the same time,
the patient complained about visual disturbances
and multiple flesh-colored palpable masses on her
scalp (Figure 2). Orbit CT and magnetic resonance
imaging (MRI) revealed intraocular enhancing masses
located nasally and temporally in the right eye, with a
diagnosis of choroidal metastasis (Figure 3). Brain MRI
was performed to evaluate the palpable mass in her

WJG|www.wjgnet.com

Figure 1 Lung metastasis lesion. A: 12 mm enhanced lung nodule was
detected by initial chest computed tomography (CT); B: CT 3 mo after
capecitabine; C: Initial 18F-fluorodeoxyglucose-positron emission tomography/
CT.

scalp, obtaining enhancing lesions in the right parietal
and posterior parietal scalp. Adenocarcinoma was
confirmed by skin biopsy (Figure 4). Thus, we made a
final diagnosis of stage Ⅳ colon cancer with multiple
metastases (scalp, right choroid, and lung).
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We started palliative chemotherapy with oral
2
capecitabine (1000 mg/m , twice a day, on days 1 -14)
[2]
every 3 wk , which was effective at shrinking the brain
masses and improving the visual disorder (Figure 3C).
After 8 mo, the level of serum carcinoembryonic antigen
was elevated from 2.83 ng/mL to 4.61 ng/mL. All the
masses had increased in size, and disease progression
was confirmed. Although second-line chemotherapy
was administered, the disease was worsening. The
patient consequently died.

DISCUSSION
Figure 2 Cutaneous metastasis lesions in the head.

Choroidal and skin metastases from colorectal cancer
are a rare event. When it is present, the metastasis
suggests dissemination of the disease and a poor
prognosis. However, palliative chemotherapy can be an
effective method of treatment for these metastases.
The median survival time for patients with ocular
metastasis due to cancer is 7.4 mo from the time of
[3]
ocular operation .
The frequency of skin metastasis is relatively
low and varies with gender according to the type of
underlying malignancy. The most common origins of
[4]
skin metastasis in women are breast cancer, colon
cancer, melanoma, ovarian cancer and lung cancer. In
women, the frequency of colon cancer as the primary
[5]
lesion in skin metastasis is 9% , and skin metastasis
[6]
occurs in 0.81% of all colorectal cancer .
In this case, we could not pathologically diagnose
the choroidal tumor of this patient as a metastatic
tumor. Because the posterior choroid is particularly
susceptible to the hematogenous dissemination of
cancer cells due to its high vascularity, melanomas
and metastatic tumors are typically the most
[7]
common malignant choroid tumors . Therefore,
we need to differentiate between melanomas and
metastatic tumors. MRI of the orbits demonstrated
a well-circumscribed subretinal mass. The lesion
was hypointense on the T1-weigthed image without
enhancement of the mass and hyperintense on the
T2-weighted image. The MRI findings were compatible
[8]
with a metastatic tumor and not melanoma .
Regarding the treatment of choroidal metas
[9]
[10]
tasis, systemic chemotherapy , radiotherapy ,
chemoradiotherapy, and intravitreal bevacizumab
[11]
therapy
have all been reported. However, the
current literature has few recommendations on the
appropriate treatment of choroidal metastasis from
colorectal cancer. In our case, capecitabine was
effective for the choroidal metastasis. And the patients
with KRAS wild type, was not administered in antiEGFR therapy (panitumumab, cetuximab) insurance
issues in Korea.
In summary, choroidal or cutaneous metastasis
of colon cancer is rare. We report a patient with colon
adenocarcinoma who presented with both choroidal

A

B

C

Figure 3 An elevated choroidal neoplasm. A: T1-wieghted with low
signal on the enhanced T1-weighted and higher signal on the T2-weighted
image, contrast-enhanced orbital magnetic resonance imaging (MRI) with
fat suppression revealed an infrabulbar mass of 12 mm × 5 mm; B: MRI T2weighted image; C: MRI 3 mo after initiation of therapy (T1-weighed).

Figure 4 Pathologic findings of skin (hematoxylin-eosin staining,
magnification × 100).
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MRI of the orbits demonstrated a well-circumscribed subretinal mass. The
lesion was hypointense on the T1-weigthed image without enhancement of the
mass and hyperintense on the T2-weighted image. It means not melanoma but
metastatic colon cancer.

and cutaneous metastases of colon cancer as her initial
symptoms. This is the first report that capecitabine
is effective at reducing a choroidal and cutaneous
metastatic lesion from colorectal cancer.

Peer-review

COMMENTS
COMMENTS

The authors describe differential diagnosis and treatment of choroidal and skin
metastasis from colorectal cancer. Images of the choroidal finding (diagnosis ex
juvantibus) are rare and of interest.

Case characteristics

A 78-year-old woman with stage ⅡA colon cancer performed laparoscopic right
colectomy and adjuvant chemotherapy 1 years ago, complained about visual
disturbances and multiple flesh-colored palpable masses on her scalp.
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Abstract
Myelolipoma is a rare tumor composed of fat and bone
marrow components, most of which are located in the
adrenal gland. Myelolipoma in the liver is extremely
rare. To date, only 10 cases have been reported in the
English-language medical literature. In one of these
cases, the hepatic myelolipoma was found within a
hepatocellular carcinoma (HCC). In the present study,
we report the first case of the synchronous occurrence
of hepatic myelolipoma and HCCs in different liver
sections of one patient, a 26-year-old female who was
admitted to our hospital because of a 4-d history of
upper abdominal pain. The unenhanced computed
tomography (CT) images showed a well-defined lowdensity mass with adipose components in the right liver
lobe, 4.2 cm × 4.1 cm in size. Two inhomogeneous low-
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has to be confirmed by a histopathologic examination
of the resected specimen. In the present study, we
present the eleventh case of hepatic myelolipoma
to be reported in the English-language medical
literature. This is also the first case of the synchronous
occurrence of hepatic myelolipoma and HCCs in
different liver sections of one patient. The clinical,
imaging, and pathologic features of this case are
described, and the subject of hepatic myelolipoma is
briefly reviewed to deepen our understanding of it.

density masses were found in the left liver lobe, 8.6 cm
× 7.7 cm and 2.6 cm × 2.6 cm in size. The masses in
both the right and left liver lobes were heterogeneously
enhanced in the contrast-enhanced CT images. Based
on the results of the imaging examination, the mass in
the right liver lobe was preliminarily considered to be a
hamartoma, and the two masses in the left liver were
preliminarily considered to be HCCs. We performed
a right hepatectomy, a left hepatic lobectomy, and a
cholecystectomy. Microscopic and immunohistochemical
results revealed that the tumor in the right liver lobe
was a hepatic myelolipoma, and that the two tumors in
the left liver lobe were HCCs.

CASE REPORT
On November 28, 2014, a 26-year-old female was
admitted to our hospital because of a 4-d history of
upper abdominal pain. Her abdomen was soft, lax, and
non-distended, with no palpable mass. The patient had
no history of hepatitis B virus infection, hepatitis C virus
infection or non-alcoholic fatty liver disease (NAFLD).
Her family history was not significant. Abnormal
laboratory results including alpha fetoprotein (AFP),
7529.2 ng/ml (normal, 20); carbohydrate antigen 125,
99.4 U/ml (normal, 0-35); serum creatinine, 42 μmol/L
(normal, 45-84); serum sodium, 131 mmol/L (normal,
136-145); glutamyl transpeptidase, 103 U/L (normal,
7-32); fibrinogen, 4.45 g/L (normal, 2.00-4.00); and
D-2-dimer, 9611 μg/L (normal, 0-700). The unenhanced
CT images showed a well-defined low-density mass with
adipose components in the right liver lobe, 4.2 cm × 4.1
cm in size (Figure 1A). Two inhomogeneous low-density
masses were found in the left liver lobe, 8.6 cm × 7.7
cm and 2.6 cm × 2.6 cm in size (Figure 1B and C). In
the contrast-enhanced CT images, the masses in both
the right and the left liver lobe were heterogeneously
enhanced (Figure 1D-F). Based on the results of the
imaging examination, the mass in the right liver lobe
was preliminarily considered to be a hamartoma, and
the two masses in the left liver lobe were preliminarily
considered to be HCCs.
After sufficient pre-operative preparation, a
laparotomy was performed. One mass was found in the
V section of the right liver lobe, and two masses were
found in the left liver lobe, reflecting what was seen
in the CT scan. We completed a right hepatectomy
and a left hepatic lobectomy. Because the gallbladder
was close to the tumor, a cholecystectomy was also
performed. The intraoperative frozen pathology
revealed that the tumor in the right liver lobe was a
hepatic myelolipoma, and that the two tumors in the
left liver lobe were HCCs.
Macroscopically, the mass in the right liver lobe
had a solid capsule that was 5.0 cm × 4.0 cm. The
two masses in the left liver lobe were solid and were
9.5 cm × 6.5 cm × 5 cm and 3.2 cm × 2.0 cm
in size, respectively. Microscopically, the tumor in
the right liver lobe consisted of adipose tissue and
hematopoietic elements containing erythroid tissue,
megakaryocytes and myeloid colonies, consistent
with a myelolipoma (Figure 2A and B). Tumor cells

Key words: Liver; Myelolipoma; Hepatocellular carcinoma;
Hepatectomy; Hepatic lobectomy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatic myelolipoma is extremely rare. To
date, only 10 cases have been reported in the Englishlanguage medical literature. In the present study, we
report the first case of the synchronous occurrence of a
hepatic myelolipoma and two hepatocellular carcinomas
in different liver sections of one patient, who received
a right hepatectomy, a left hepatic lobectomy, and a
cholecystectomy. We also highlight the diagnosis and
treatment of a hepatic myelolipoma and conduct a
literature review to deepen the understanding of the
subject.
Xu SY, Xie HY, Zhou L, Zheng SS, Wang WL. Synchronous
occurrence of a hepatic myelolipoma and two hepatocellular
carcinomas. World J Gastroenterol 2016; 22(43): 9654-9660
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i43/9654.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i43.9654

INTRODUCTION
Myelolipoma is a rare benign tumor composed of fat
and bone marrow components. The adrenal gland
[1,2]
is the most common location
. Myelolipoma in
the liver is extremely rare. To our knowledge, 10
cases have been reported in the English-language
[3-12]
medical literature as individual case reports
. In
one of the cases, the hepatic myelolipoma was found
[6]
within a hepatocellular carcinoma (HCC) . Hepatic
myelolipomas are usually incidentally discovered
by ultrasound (US), computed tomography (CT),
magnetic resonance imaging (MRI), or autopsy
examination. The first case of hepatic myelolipoma
[13]
was reported in France by Grosdidier et al
in 1973,
and it was found on a plain abdominal X-ray during
a regular checkup for diabetes and obesity. Although
hepatic imaging modalities will lead to detection of
the tumor, the diagnosis of a hepatic myelolipoma
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A

B

C

D

E

F

Figure 1 Computed tomography findings. A: An unenhanced computed tomography (CT) image showing a well-defined low-density mass (arrow) with adipose
components in the right liver lobe, 4.2 cm × 4.1 cm in size; B and C: Two inhomogeneous low-density masses (arrows) are shown in the left liver lobe, 8.6 cm × 7.7
cm and 2.6 cm × 2.6 cm in size, respectively; D, E and F: In the contrast-enhanced CT image, the masses in both the right and left liver lobes are heterogeneously
enhanced.

A

B

C

D

Figure 2 Microscopic examination. A and B: The tumor (red arrow) in the right liver lobe consists of adipose tissue and hematopoietic elements containing erythroid
tissue, megakaryocytes and myeloid colonies, consistent with a myelolipoma (A: HE, 100 ×; B: HE, 400 ×); C and D: The tumor cells (black arrow) in the left liver lobe
are in a funicular arrangement and are growing invasively with significant atypia, compatible with a malignant hepatic cancer (C: HE, 100 ×; D: HE, 400 ×). The areas
marked by green arrows are normal liver tissue. HE: Hematoxylin and eosin.
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A

B

Figure 3 Immunohistochemical investigation. Hepatocyte (A) and CD34 (B) proteins were positive in the tumors of the left liver lobe (100 ×).

in the left liver lobe were in a funicular arrangement
and showed invasive growth with significant atypia,
compatible with malignant hepatic cancers (Figure 2C
and D). Immunohistochemical investigation showed
that hepatocyte and CD34 proteins were positive in
the tumors of the left liver lobe (Figure 3), while AFP,
GPC-3, HMB45, Melan-A and SMA were negative.
Finally, the tumor in the right liver lobe was diagnosed
as a hepatic myelolipoma, and the tumors in the left
liver lobe were diagnosed as HCCs. After surgery, the
patient developed an intra-abdominal infection and
was hospitalized for 27 d. Unfortunately, two months
later, a CT scan of the liver suggested the recurrence
of the HCC. The patient received four transcatheter
arterial chemoembolization (TACE) procedures and
one iodine 131I metuximab injection in our hospital.
However, the HCC metastasized to the lung eight
months after surgery. The patient was then lost after
nine months of follow-up.

language medical literature, including the present
study. Continuous variables were summarized as the
mean ± the standard deviation (SD) and the range.
Statistical analyses were conducted using SPSS
version 20.0 for Windows (SPSS Inc., Chicago, IL,
United States). The mean age of these patients was
51.45 ± 16.74 years (range 25-76 years) and the
male-female ratio was 5:6. Forty percent of patients
were asymptomatic; most patients were symptomatic.
The right liver lobe was the reported site of the
myelolipoma in nine (81.82%) of the patients; the left
liver lobe was the reported site in 2 patients. The mean
tumor size was 6.69 ± 4.71 cm (range 1.4-15 cm).
Seven patients (63.64%) underwent tumor resection.
The etiology of hepatic myelolipoma remains
uncertain. An ectopic adrenal gland is one hypo
[8]
thesis . Most myelolipomas are reported in the
adrenal gland. Anatomically, the right adrenal gland is
adjacent to the right lobe of the liver, and an ectopic
[8]
adrenal gland rarely appears in liver parenchyma .
Except for two cases, hepatic myelolipomas were
found in the subcapsular region of the right liver
lobe, including in our case. Emboli from bone marrow
represent another hypothesis for the histogenesis
[4]
of these lesions . Although the gross appearance
of a myelolipoma suggests a neoplastic origin, light
and electron microscopy studies have revealed the
[26]
polyclonal character of the hematopoietic cells .
The definitive stimulus that causes the hematopoietic
and fat cells to proliferate remains enigmatic. Several
studies have suggested that tissue necrosis is the basic
[6,26]
[6]
stimulus
. For example, Van Hoe et al speculated
that the presence of foci of tumor necrosis may be
associated with the development of a myelolipoma.
Malignant tumors, hypertension, obesity, burns,
and endocrinopathies have also been reported to be
[26]
associated with the development of a myelolipoma .
The preoperative diagnosis of a hepatic myelolipoma
is challenging. The appearance of myelolipomas on
US, CT, and MRI images depends on the proportions
[6]
of fat relative to myelogenous components . US
imaging reveals the myelolipoma to be a hyperechoic
[5,8]
lesion
. Unenhanced CT images usually show

DISCUSSION
Myelolipoma is a rare type of benign, nonfunctioning
tumor of mesenchymal origin, which is composed
of various proportions of fat and hematopoietic
[14]
cells . As such, it resembles a site of extramedullary
hematopoiesis. The adrenal gland is the most common
site of myelolipomas; autopsy series have revealed
the prevalence of myelolipomas in the adrenal gland
[2,15,16]
at autopsy to be 0.08%-0.8%
. Extraadrenal
[17]
myelolipomas are very rare . They have been
[18]
[19]
reported in the parietal pleura , presacral area ,
[20]
[21,22]
intrathoracic paravertebral area , mediastinum
,
[23]
[24]
gastric antrum , perirenal tissue , and right
[25]
iliac fossa . To date, only ten cases of hepatic
myelolipomas have been reported in the English[3-12]
language medical literature
(Table 1). In one of
these cases, the hepatic myelolipoma was found in a
[6]
HCC . In the present study, we report the first case
of the synchronous occurrence of hepatic myelolipoma
and HCCs in different liver sections of one patient.
Table 2 summarizes the clinical data from all 11
cases of hepatic myelolipoma reported in the English-
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Table 1 Summary of clinical data on patients with hepatic myelolipoma in the English literature
Ref.

Year

Sex/age

Present case

2016

F/26

Menozzi et al[3]
Radhi[4]

2016
2010

F/72
M/76

Savoye-Coll et
al[5]
Van et al[6]
Moreno et al[7]

2000

M/25

1994
1991

M/57
M/40

Nishizaki et
al[8]
Kaurich et al[9]

1989

F/56

1988

F/42

Mali et al[10]

1986

M/63

Rubin et al[11]

1984

F/56

AFIP case[12]

1976

F/53

Symptom

location

Upper abdomen
Right liver lobe
pain
Asymptomatic
Right liver lobe
Symptoms related Segment VIII of the
to a urinary tract
right liver
infection
Asymptomatic
Segment IV

Imaging method

Number

Size (cm)

Treatment

CT

Solitary

5.0

Resection

US, CT, CEUS
US, CT

Solitary
Solitary

3.5
3.2

NA
NA

MRI

Solitary

9.0

Left hepatectomy

Solitary
Solitary

1.4
15.0

Hemihepatectomy
Right hepatic lobectomy

Solitary

5.5

Solitary

6.0

Right posterior
segmentectomy
Resection

Solitary

15.0

No treatment

Solitary

8.0

Resection

Solitary

2.0

NA

Asymptomatic
Right liver lobe
US, CT
Malaise, anorexia,
Right liver lobe
X-rays, CT,
fever
Radioisotope scan
Right upper
Right post segment US; CT, Hepatic
subcapsule
abdominal pain
arteriography
Asymptomatic
Left liver lobe
US; CT, Hepatic
arteriography
Hepatomegaly
Right liver lobe
US; CT
subcapsule
Abdominal pain, Right post segment
CT, Hepatic
RUQ tenderness
subcapsule
arteriography
NA
Left liver lobe
NA

AFIP: Armed Forces Institute of Pathology; M: Male; F: Female; NA: Not available; US: Ultrasound; CT: Computed tomography; MRI: Magnetic resonance
imaging; CEUS: Contrast-enhanced ultrasound.

mass shows heterogeneous low-signal intensity. After
the administration of a gadolinium bolus, the lesion
[5,28]
may show delayed heterogeneous enhancement
.
Hepatic myelolipoma should be distinguished from
other hepatic lesions that cause lipomatous masses,
including lipomas, angiomyolipomas, metastatic
dermoid tumors, Langerhans cell histiocytosis, and
[29]
focal fatty infiltration . Areas of fatty degeneration
can also be observed occasionally in HCCs and hepatic
[30]
adenomas .
Although myelolipomas are benign, these types
of tumor can be symptomatic and may increase in
size. Thus, surgical intervention is warranted when
the tumor is symptomatic or difficult to diagnose. In
the present study, the hepatic myelolipoma could not
be preoperatively diagnosed precisely. Furthermore,
two HCCs were synchronously found in the left liver
lobe. HCC is the sixth most common malignancy
worldwide and has the third highest mortality among
[31,32]
cancer patients
, for whom surgical resection is
the most common and effective therapeutic method.
Accordingly, we performed a right hepatectomy and a
left hepatic lobectomy to completely resect the hepatic
myelolipoma and HCCs. Because the gallbladder
was close to the tumor, a cholecystectomy was also
performed. Histopathologic and immunohistochemical
analyses of the surgical specimen confirmed the
diagnosis of hepatic myelolipoma and HCCs. Micro
scopically, the hepatic myelolipoma was composed of
fat cells and hematopoietic cells, including mature and
developing myeloid, erythroid, and megakaryocytic
cells. Marrow-like areas were also clearly observed.
In conclusion, hepatic myelolipoma is extremely
rare. To our knowledge, only 10 cases have been

Table 2 Summary of clinical data from all 11 cases of hepatic
myelolipoma
n (%) or mean ± SD
(range)
Age (yr) (n = 11)
Mean
Sex (male/female), (male %) (n = 11)
Symptoms (n = 10)
Asymptomatic
Symptomatic (n = 10)
Abdominal pain
Symptoms related to a urinary tract infection
Malaise
Anorexia
Fever
Hepatomegaly
Location (n = 11)
Right liver lobe
Left liver lobe
Mean size (cm) (n = 11)
Operation (n = 11)
Resection
No resection
Not available

51.45 ± 16.74 (25-76)
5/6 (45.45)
4 (40.00)
3 (30.00)
1 (10.00)
1 (10.00)
1 (10.00)
1 (10.00)
1 (10.00)
9 (81.82)
2 (18.18)
6.69 ± 4.71 (1.4-15)
7 (63.64)
1 (9.09)
3 (27.27)

that the tumor is well-encapsulated and has lowdensity areas varying from -69 to 28 HU as a result
of intratumoral hemorrhage and varying proportions
[6,9]
of fat and bone marrow elements . On enhanced
CT images, the tumor appears moderately enhanced.
[27]
The area of low density remains hypoattenuated .
On T1-weighted MR images, the mass usually appears
well marginated with a capsule, shows heterogeneous
hyperintensity and contains necrosis. Hepatic
arteriography reveals a hypervascular mass with
[8,11]
an avascular zone
. On T2-weighted images, the
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occurrence of hepatic myelolipoma and HCCs in different liver sections of one
patient. Preoperative diagnosis of hepatic myelolipoma is challenging. Surgery
is the most effective treatment for the tumor.

reported in the English-language medical literature. In
one of these cases, the myelolipoma was found within
a HCC. In the present study, we report the first case
of the synchronous occurrence of hepatic myelolipoma
and HCCs in different liver sections of one patient, who
received a right hepatectomy, a left hepatic lobectomy,
and a cholecystectomy.

Peer-review

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

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

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

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari

WJG|www.wjgnet.com

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla
Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
Shadab A Siddiqi, Orlando
William B Silverman, Iowa City
Shashideep Singhal, New York
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Abstract
Pancreatic ductal adenocarcinoma is a highly aggressive
tumor with an overall 5-year survival rate of less than
5%. Prognosis and treatment depend on whether the
tumor is resectable or not, which mostly depends on
how quickly the diagnosis is made. Chemotherapy
and radiotherapy can be both used in cases of nonresectable pancreatic cancer. In cases of pancreatic
neoplasm that is locally advanced, non-resectable, but
non-metastatic, it is possible to apply percutaneous
treatments that are able to induce tumor cytoreduction.
The aim of this article will be to describe the multiple
currently available treatment techniques (radiofre
quency ablation, microwave ablation, cryoablation, and
irreversible electroporation), their results, and their
possible complications, with the aid of a literature review.
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Core tip: Pancreatic ductal adenocarcinoma is a highly
aggressive tumor with a prognosis and treatment that
depend on whether the tumor is resectable or not,
which mostly depends on how quickly the diagnosis is
made. In cases of non-metastatic pancreatic neoplasm
that is locally advanced, it is possible to apply percu
taneous treatments that are able to induce tumor
cytoreduction. This article aims to expose the technical
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necrosis, cytolysis, and cells death, with a resulting
[12]
neoplastic mass cytoreduction ; some studies have
explained some of the argumentations on post-ablation
[13]
amplification of tumor-induced immune response .
These treatments can be associated with chemotherapy
and could be included in a combined therapeutic plan
[4]
that is tailored for each individual case .

procedures, results, and complications of the multiple
treatment techniques that are currently available.
D’Onofrio M, Ciaravino V, De Robertis R, Barbi E, Salvia R,
Girelli R, Paiella S, Gasparini C, Cardobi N, Bassi C. Percutaneous
ablation of pancreatic cancer. World J Gastroenterol 2016;
22(44): 9661-9673 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i44/9661.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9661

TECHNIQUES AND RESULTS
There are currently many techniques for treating
pancreatic ductal adenocarcinoma that is locally
advanced and without metastases. These different
techniques can be divided in two main groups: the
thermal ablative group, which uses thermal energy,
and the non-thermal ablative group, which uses
energy-making direct damage to neoplastic cells that
is unmediated by any thermal effect. All of these
techniques can be performed in a surgery room with
laparotomy or laparoscopy approaches, or they can be
performed via percutaneous or endoscopic approaches,
which are less invasive.

INTRODUCTION
Pancreatic ductal adenocarcinoma is the most common
primary malignancy of the pancreas and is the most
frequent exocrine pancreatic neoplasm, representing
[1-4]
80% of malignant pancreatic tumors .
Treatment and prognosis of pancreatic ductal ade
nocarcinoma depend on tumor resectability, which
is usually linked with how quickly the diagnosis was
[5,6]
made . In almost 95% of cases, pancreatic ductal
[1]
adenocarcinoma is diagnosed at an advanced stage ,
with locally advanced or metastatic disease in 40% of
[2,6,7]
cases
.
The majority of pancreatic tumors that undergo
[8-11]
percutaneous treatment are ductal adenocarcinomas
.

RFA

RFA causes coagulative necrosis and tissue damage via
the generation of high local temperatures produced by
high frequency alternating current application. RFA is
currently used in many solid organs malignancies, such
as hepatocellular carcinoma, thyroid neoplasms, breast
and prostate tumors, and pancreatic neoplasms; it has
a very important role in the treatment of hepatocellular
[14,15]
carcinoma and has become a standard therapy
.
RFA of pancreatic cancer can be guided by ultrasound
both percutaneously and with endoscopic ultrasound
or intraoperatively by intraoperative ultrasound; the
latter is usually required in instances of biliary and
[4,16,17]
gastric bypass for pancreatic head tumors
.
The ablation procedure is performed under local
anesthesia with patient sedation in both percutaneous
and endoscopic approaches. In addition to the man
datory confirmation of the malignant nature of the
lesion by pathological analysis before commencing
treatment, it is also extremely important to carry out
precise staging of the tumor.
The percutaneous approach can be more safely
considered for the ablation of pancreatic tumors
located in the body, as the complicated anatomy of the
pancreatic head region makes the percutaneous RFA
procedure more difficult and dangerous in this region.
However, the pancreatic head can be treated with RFA
via the endoscopic approach. RFA is performed with
a needle that has to be inserted completely inside the
lesion. The most efficient approach, needle choice, and
opening degree of the electrodes are usually influenced
by tumor shape and size.
There are currently two main types of needle:
those with expandable electrodes (Figure 1) and those
with single electrodes (Figure 2). In the former, the

CLINICAL INDICATIONS
The majority of percutaneous treatment procedures,
regardless of whether they involve either thermal
or non-thermal ablative surgery, are dedicated to
[8-11]
ductal adenocarcinoma
if it is locally advanced and
unresectable, but not metastatic; a required indication
for percutaneous treatment of ductal adenocarcinoma
is therefore a locally advanced unresectable tumor,
without the presence of metastases. Although tumor
resectability is an absolute exclusion criterion, since
complete surgical resection is the only potentially
curative treatment for this tumor, only about 20% of
patients present with resectable disease at the time
of diagnosis. The presence of distant metastases is
another exclusion criterion, and includes ascites that
[4]
can be an indirect sign of peritoneal carcinomatosis .
It is therefore mandatory that a pathologically proved
diagnosis and the correct tumor staging are obtained
before percutaneous procedures.
Chemotherapy is the treatment of choice in un
resectable pancreatic adenocarcinoma. Nowadays,
new treatments such as radiofrequency ablation
(RFA), microwave ablation (MWA), cryoablation, and
irreversible electroporation (IRE) can be considered,
together with chemotherapy, in multimodal therapeutic
approaches for unresectable pancreatic adenocarcinoma
that is locally advanced and without metastases. The
palliative therapeutic effects of these treatments are
intuitively linked to the development of intralesional
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A

Both types of expandable needle are used to produce
a spherical/ovoid necrotic area, with a mean diameter
ranging from 2 to 5/6 cm depending on the needle and
electrode degree opening.
On the other hand, when using needles with a
single incorporated electrode, the length of the area
to be treated depends on the uncovered portion of
the electrode, with measurement of the treated area
depending on both the length of the uncovered portion
and the time of ablation. This type of needle usually
produces a cylindrical necrotic area ranging from 1 to
3 cm, depending on the extension of the uncovered
metallic portion of the needle.
As previously stated, needle choice and the opening
degree of the electrodes are usually influenced by
tumor shape and size. For example it is better to use
an expendable electrode needle to treat rounded
lesions, while single electrode needles are preferred for
ovoid lesions. The latter is also preferable in cases of
very small lesions with particularly difficult access, as
a needle with a lower caliper would be better in that
[4]
particular situation .
With ultrasound it is possible to guide the ablation
technique, both during the orientation of the needle
and during the opening of the electrodes inside the
tumor, which are both echoic. Usually the needle tip and
electrodes must be kept almost 5 mm from sensitive
structures such as peripancreatic vessels, as previously
[4,18-20]
reported
.
The correct needle positioning and electrode opening
are followed by a procedure parameter setting that
varies depending on the system used, although the
procedure normally lasts from 5 to 10 min.
The power provided to the system directly influences
the temperature reached and indirectly affects the
treated volume of the lesion. In some cases and with
some systems, it is possible to evaluate the tissue
impedance that increases with necrosis growth during
the procedure. The system shows the temperature
at the electrode tip, which includes needles with
multiple electrodes, thereby assuring a more uniform
distribution of temperature in the treated lesion.
Choosing the correct temperature is very important
for both treatment aims and to prevent irreparable
damage. As a result of the protein denaturation that
starts at 50-60 ℃, higher temperatures reached during
RFA lead to more homogeneous coagulative necrosis,
but the use of very high temperatures (usually more
than 105 ℃) increases the risk of complications without
any favorable effects. For this reason, it is better to
apply middle range temperatures (mean 90 ℃) to
avoid complications during RFA ablation of a pancreatic
mass. Several studies have confirmed that reducing
RFA temperature to about 90 ℃ led to minimal com
[14,16,21]
plications related to the procedure
.
The capacity of RFA to successfully treat a tumor
is in part limited by two primary characteristics linked

B

Figure 1 Needle with expandable electrodes. Electrodes can be opened
within the lesion from the top (A) or from the back (B) of the needle.

Figure 2 Needle with single electrode. Single electrode of the needle within
the lesion.

expandable electrodes can be opened from the top
(Figure 1A) or the back of the needle (Figure 1B), with
these two needle types each being used in different
way. With electrodes opened from the top, the needle
tip has to be stopped immediately before the lesion
and then up to nine electrodes have to be opened
up and widened into the lesion. This type of needle
can be used to treat small tumors because it can be
opened at different degrees in relation to the size of
the requested ablation area; unfortunately, however,
the flexibility of electrodes can be a disadvantage
in the treatment of very hard lesions. With needles
where the electrodes open from back, the electrodes,
usually four, are opened up at about 2 cm behind the
tip and moved towards the outside so that the needle,
for correct positioning, has to pass completely through
the tumor; the presence of the central needle for at
least 2 cm within the mass assures that the electrodes
are inside the neoplastic tissue. This type of needle
crosses throughout the mass with stiffer electrodes,
guaranteeing excellent stability inside the tumor even
in the presence of hard tumors. However, the needle’s
requirement to be introduced throughout the lesion for
at least 2 cm can have disadvantages related to tumor
location and dimensions.

WJG|www.wjgnet.com

9663

November 28, 2016|Volume 22|Issue 44|

D’Onofrio M et al . Percutaneous ablation of pancreatic cancer
to this heating mechanism. The first characteristic is
that heating tissue with the electric current used in this
process is a self-limiting process, as the desiccation,
water vapor, and charring created during the RFA
process gradually increase the tissue impedance
that limits additional current application and limits
temperatures that can be reached in the ablation
area. The other characteristic is that heat transfer
is moderately slow in most tissues and can differ
according to local tissue environment, perfusion, and
[22-24]
ventilation
.
[8]
In a recently published paper by our institute , a
percutaneous approach with a single tip needle with
a single incorporated electrode and an exposable
uncovered portion of the electrode of 17-gauge
was used. In this paper, a relatively short burst of
the needle is used with power set at low values (30
W) at the beginning of the procedure in order to
obtain a progressive low development of coagulative
necrosis and thereby allowing for intratumoral heat
propagation. With respect to the uncovered portion
of the needle, double necrotic volume can be obtain
with this techniques thanks to intralesional passive
conduction (e.g., exposure of 1.5 cm can provide
necrosis of more than 3 cm). This technique is reported
to be particularly safe because the heat is conducted
inside the neoplastic mass and not outside, which lacks
conductive neoplastic tissue. This so-called “thermal
diffusivity effect” is strictly related to heat neoplastic
conductibility and leads to a necrotic area morphology
that is quite perfectly modelled inside each single
treated lesion (Figure 1). In this study, we applied
a mean radiofrequency application time for every
single passage of 3 min 13 s (range: from 30 s to 10
min), with 18 patients having proved unresectable
pancreatic ductal adenocarcinoma that was locally
advanced without metastases and were subsequently
treated with percutaneous RFA. In 16 (93%) of the
18 patients, technical success of the procedure was
obtained that was proven via a CT scan. Furthermore,
one month after the treatment, a decreased blood
value in CA 19.9 marker was observed in 40% of the
treated patients.
Ultrasound makes possible to monitor the procedure
in real-time, watching the lesion progressively becomes
hyperechoic due to the gas produced inside, confirming
the thermal effect obtained in the tumor, and monitoring
[4,25]
the integrity of the sensitive surrounding structures
.
[26]
Carrafiello et al
treated with a percutaneous
RFA patient with pancreatic metastasis from renal
cell carcinoma localized in the body-tail using a per
cutaneous approach under fluoro-CT guidance with
deep sedation of the patient. They utilized a 19-gauge
needle electrode (Invatec Miras RC, Brescia, Italy) that
usually generates up to 3 cm diameter predetermined
zones of necrosis. The RFA procedure lasted 8 min
and 35 s and reached temperatures between 80 and
100 ℃. Although the patient reported abdominal pain,
amylase serum increase, and a little peripancreatic
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fluid collection as complications, the result of the
treatment was that he was free of symptoms without
recurrence in the follow-up of 12 mo.
[27]
Limmer et al , with a CT-guided RFA, ablated
an insulinoma localized in the body-tail of a patient
under general anesthesia. A 16 G-cooled tip single RFA
needle with 3 cm active tip was stepwise advanced
into the tumor until the needle tip had reached the
center of the tumor. The ablation cycle last 18 min,
with the last 3 min without cooling and a maximum
energy delivery that ranged from 70 to 130 W. The
patient had a minimal peripancreatic inflammatory
reaction and was then free of symptoms in 1.5 mo of
follow-up.
[28]
Wu et al
treated, without complications, a
gastrinoma in the pancreatic tail of a patient with
percutaneous transplenic RFA combined with radioactive
125
I seed implantation. The patient was free of sym
ptoms without recurrence in 20 mo of follow-up.
[29]
Singh et al
treated a patient with ductal adeno
carcinoma via a CT guided percutaneous approach (the
other 10 patients included in the study were treated
with the surgical approach), putting the needle in the
center of the tumor, and applying approximately 4200
W of energy to the tumor using a saline perfused
needle with the aim of producing a necrosis of 3
cm. Partial necrosis (up to 3 cm) of the tumor was
achieved in all cases. One patient died 1 mo after
RFA due to massive myocardial infarction. Survival of
remaining 10 patients ranged between 9 to 36 mo,
with 8 patients receiving post-RFA chemotherapy.
The authors concluded that RFA is a safe and feasible
technique for tumor cytoreduction, but did not specify
if the treated patients developed complications
such as mild abdominal pain, transient ascites, selflimiting pleural effusion, or asymptomatic pseudocyst.
Furthermore, they did not specify the follow-up length
or medial survival.
[30]
Rossi et al treated 8 patients under local anes
thesia (7 with percutaneous RFA and 1 with endoscopic
RFA) with neuroendocrine tumors (6 in the head and 2
in the body-tail; 5 with non-functional neuroendocrine
tumors, 2 with insulinomas, and 1 with gastrinoma).
The 19-gauge single-spiral electrode was inserted
under US guidance, with the tip in the center of the
tumor. The RF generator was activated to deliver 20
to 50 W for 6 to 12 min. This maneuver was repeated
1 to 4 times, depending on the tumor size. Although
the same technique was used with the 17-gauge
triple-spiral electrodes, a single 60-degree rotation of
the shaft was sufficient to ensure full circumference
ablation of the tumor. Three patients developed acute
pancreatitis with fluid collections. After a median
follow-up of 34 mo, all treated patients were alive and
in good condition. The authors concluded that RFA is
a feasible, safe, and effective option for patients with
small pancreatic neuroendocrine tumors who cannot
or do not wish to undergo surgical resection. A short
summary of these studies is shown in Table 1.
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Table 1 Summary of studies concerning radiofrequency ablation
Authors

Number of
patients

Lesion type

Location

Treatment type

Approach

Needle

Mean treatment
duration

Conclusion

D’Onofrio et al[8]

18

Pancreatic ductal
adenocarcinoma

Head

Radiofrequency
ablation

Percutaneous
with US

17 G

3 min and 13 s

Carrafiello et al[26]

1

Body-tail

Radiofrequency
ablation

Percutaneous
with CT

19 G

8 min and 35 s

Limmer et al[27]

1

Pancreatic
metastases from
renal cell
Insulinoma

Body-tail

Radiofrequency
ablation

Percutaneous
with CT

16 G

18 min

Wu et al[28]

1

Gastrinoma

Tail

Radiofrequency
ablation

Singh et al[29]

11

Pancreatic ductal
adenocarcinoma

-

Radiofrequency
ablation

Rossi et al[30]

8

Pancreatic
neuroendocrine
tumors

Head and
body-tail

Radiofrequency
ablation

High success rate, with
40% of cases showing
CA 19.9 reduction
RFA is feasible for
metastatic lesions at
body-tail
RFA proved to be a
clinically successful
procedure
Percutaneous
transplenic RFA is
feasible
RFA is a safe and
feasible technique of
tumor cytoreduction
RFA is a feasible, safe,
and effective option

Percutaneous
transplenic
with CT
1 percutaneous
with CT + 10
laparoscopic
Percutaneous 17 and
with CT
19 G

-

-

9 min

US: Ultrasound; CT: Computed tomography; RFA: Radiofrequency ablation.

MWA

particular system; MWA area volume depends on power
applied, design, number of antennae, orientation of
antennae, and microwave frequency.
Microwave antenna type affects the size and shape
of the ablation area, with many described antennae
[22,34,35]
controlling energy transfer
. Some antennae create
an elongated ablation area of up to 6 cm called triaxial
antennae, which can burn skin or other structures
adjacent to the treated organ; newer antennae, such
as modified triaxial antennae or dual slot antennae,
therefore create more rounded and forward-weighted
[22,36,37]
heating to treat smaller tumors
. Multiple anten
nae can be used together to create a larger and more
[22,38,39]
confluent ablation area inside the tumor
.
Microwaves systems also differ according to their
created frequency, with the best heating typically
occurring within 1 cm of the antenna. The potential
advantages of MWA over RFA include faster ablations
(usually 2-8 min with high-powered systems), higher
temperatures without the disadvantages related to
electric impedance, less sensitivity to different tissue
types, and the ability to create much larger ablation
[22,32,35,40-42]
zones if needed
.
Both this ablation technique and radiofrequency
ablation can be performed via various different
approaches, including percutaneous, endoscopic,
laparoscopic, and open surgical methods. Although
conscious sedation of the patient is employed in
the percutaneous and endoscopic approaches, the
other methods use general anesthesia instead. The
lesion targeted for treatment is first localized with the
computed tomographic guide, although the ultrasound
guide is preferred if possible, and then the best suited
[31]
treatment approach is selected . The tumor is then hit
with a thin microwave antenna (14-15-gauge), which
is in turn connected to the microwave generator with

Microwave radiation indicates electromagnetic spe
ctrum frequencies ranging from 900 to 2450 MHz
that lie between infrared radiation and radio waves.
Electromagnetic microwaves heat material by agi
tating water particles in the surrounding substance,
producing friction, heat, and inducing cellular death via
[31]
coagulation necrosis
in a manner nearly identical to
[22]
that observed in RFA . In some cases, the mechanism
of microwave heating may have advantages. Polar
molecules (primarily water) continuously realign with
the oscillating microwave field, effectively increasing
kinetic energy and tissue temperature. Unlike electric
currents, microwaves spread throughout biological
tissues, including those with a high impedance to
[22,32]
electric current
, thereby allowing microwaves
to incessantly generate heat in a larger volume of
[22,33]
tissue around the antenna
. Microwave energy can
therefore produce faster, hotter, and larger ablation
areas in multiple tissues than radiofrequency current,
as well as requiring fewer applicators and effective abla
tive margins, making it easier to obtain.
Systems that can create microwave energy are
mainly divided into three types: first-generation
systems that lack active antenna cooling and are limited
to low power and short durations; second-generation
systems with antenna cooling but limited generator
power; and third-generation systems with incorporated
antenna cooling and high-power generators. Each
system is characterized by different combinations of
antennae diameter, frequency, generated power, and
power loss between the generator and applicator tip.
Due to all of these features, system performance can
vary a great deal, so it is therefore very important to
understand that ablation zone shapes and sizes are
created by different time and power associations with a
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Table 2 Summary of study concerning microwave ablation
Authors
Carrafiello et al[47]

Number of
patients

Lesion

Location

Treatment
type

Approach

Needle

Mean treatment
duration

Conclusion

5

Pancreatic ductal
adenocarcinoma

Head

Microwave
ablation

Percutaneous
with US

-

-

Microwave ablation appears
to be feasible in palliative
treatment

[22,48]

a coaxial cable and an electromagnetic microwave is
released from the exposed, non-insulated portion of
the antenna. Each generator is capable of producing 60
W of power at a frequency of 915 MHz. Temperatures
reached inside the tumor can be measured with a
separately placed thermocouple. MWA can be used
in different organs, such as the liver, kidneys, lung,
[31,43-46]
adrenal glands, pancreas, and bone
.
The only paper in the literature dedicated to
[47]
percutaneous MWA is that by Carrafiello et al ,
where 5 patients were treated percutaneously with
ductal adenocarcinoma; 2 of the cases suffered from
mild pancreatitis, 1 suffered from a pseudocyst,
and 1 had pseudoaneurysm of the gastroduodenal
artery. In all patients, MW ablation was performed
under moderate sedation. The path of the antenna
was carefully evaluated on the basis of a preliminary
US examination, and was chosen in such a way that
the vessels, stomach, and bowel were far from the
antenna. The most important evaluation involves
prediction of the ablation area on the basis of the
antenna position. The end of the antenna features
a tip such that the use of an antenna with a 37 mm
radiating section results in an ablation zone with a
diameter of 37 mm (7 mm on the back of the tip
and 30 mm ahead of it), while the use of an antenna
with a 20 mm radiating section results in an ablation
zone with a diameter of 20 mm (ahead of the tip).
The technical success rate was 100%, due to correct
positioning of antennae. Improvement in the quality
of life was observed in all patients, with none requiring
repeat treatment during 9 mo follow-up. The authors
concluded that patients had an improved quality of life
after treatment, and that MWA appears to be feasible
in the palliative treatment of cephalic pancreatic
tumors, albeit with precise patient selection owing
to the high risk of visceral injury. A short summary
concerning this study is shown in Table 2.

brane and organelles
. On the other hand, slow
freezing favors extracellular ice crystal formation,
with a change of osmolality within the extracellular
space consequently leading to cell dehydration and cell
[22,49]
death
. Apoptosis induced by freezing contributes
to this process, although this is a role that is poorly
[22,50]
understood
. However, breakdown of the cell
membrane with the release of intracellular contents
causes cell death. Although the temperature necessary
to cause necrosis depends on the cell type and the
thermal history of the tissue where the lesion is, the
[22,51,52]
estimated temperature is from -35 ℃ to -20 ℃
.
During the process of cryoablation, an “ice ball”
is created inside the treated area that is predictive of
the ablation area. One of the greatest advantages of
this technique is that this expanding ball is extremely
well-visualized under ultrasound, CT, and MRI, thereby
allowing for more precise monitoring of the ablation
[22]
area than during heat-based techniques .
Systems that generate cryoablation take advantage
of the Joule-Thomson theory of expanding gases
within a needle-like cryoprobe: argon moves from an
internal feed line into an internal expansion chamber,
producing a heat sink near the antenna tip that cools
the probe to temperatures of -160 ℃ or less. The heat
transfer from the tissue into the cryoprobe is governed
by passive thermal diffusion, so cryoablation devices
provide no zone of direct or active cooling, thereby
differing from RFA or MWA devices, with the result
being that the surface area of the cryoprobe limits
cooling efficiency; smaller diameters of cryoprobe are
usually linked with lower cooling capacity and smaller
ablation zones, making the use of several cryoprobes
to treat the majority of the tumors indispensable in
clinical practice, with high ablation times (usually mean
25-30 min) that are longer than the average times
[22]
found in microwave or RFA procedures .
Furthermore, after the procedure there is a rapid
release of cellular debris into the systemic circulation
due to ablation area reperfusion, thereby sometimes
causing systemic complications, such as cryoshock,
[22,53]
that are rare with heat-based ablation
.
The cryoablation technique can be performed
percutaneously with ultrasound or a computed tomo
graphy guide, although it is most commonly performed
intraoperatively under ultrasound guidance. As
previously stated, lesions smaller than 3 cm can be
treated with a single, centrally-placed probe, although
larger tumors require multiple probes or sequential
treatments. At 160 ℃, the tumor is cooled and the

Cryoablation

In the cryoablation technique, cell death is due to cold
temperatures. The death mechanism in this situation
differs from that under high temperatures, owing
to both intracellular and extracellular ice formation
during the freezing process that can result in cellular
death; ice formation location and the mechanism
of cell death changes with the freezing rate and
final tissue temperature. Rapid freezing assists the
formation of intracellular ice crystals, which result
in cell death due to direct damage to the cell mem
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ultrasound guide can monitor the created ice ball inside
the entire lesion without compromising local structures.
After ice ball creation, the tissue has to slowly thaw to
0 ℃, and then a second cycle of freezing is performed
after any necessary repositioning of the cryoprobes.
As with the RFA technique, it is better to have safety
[14]
margins of at least 5 mm from major structures .
[9]
Xu et al enrolled 49 patients with locally advanced
pancreatic cancer (12 with liver metastases) that
underwent cryosurgery (36 treated percutaneously and
125
13 treated intraoperatively) combined with I seed
implantation. The procedure was performed under
local anesthesia and under the guidance of ultrasound
or CT. Cryoprobe insertion was often carried out via
the retroperitoneal approach based on the location
of the tumor. Generally, 2 or 3 mm cryoprobes were
used, with 2 to 3 probes being used for tumors larger
than 3 cm in size (mean tumor size ranged from 2.2-7.1
cm). For liver metastases, simultaneous cryosurgery
was performed using additional cryoprobes inserted
through the right intercostal space. The procedure
consisted of a double cycle of freeze/thaw procedure
with an argon gas-based cryosurgical unit (EndoCare,
Inc., CA, United States). Each cryoprobe was cooled
to -160 ℃ and the resulting ice ball was monitored
with ultrasound until the frozen region encompassed
the entire mass of the tumor with a safety margin
of at least 0.5 cm. The tissue was then allowed to
slowly thaw to 0 ℃. A second cycle of freezing/thawing
was performed after repositioning the cryoprobes,
which were then removed. Of the 36 percutaneously
treated patients, 17 received a second course of
cryosurgery and 3 underwent a third. The conclusions
were that cryosurgery, which is far less invasive than
conventional pancreatic resection and associated with
a low rate of adverse effects, should be the treatment
of choice for patients with locally advanced pancreatic
125
cancer. Furthermore, I seed implantation can destroy
the residual surviving cancer cells after cryosurgery via
a complementary effect that combines both modalities.
Complete response was observed in 20.4% of patients,
partial response in 38.8% of patients, stable disease in
30.6% of patients, and progressive disease in 10.2%
(5/49) of patients during a median follow-up of 18 mo
(range of 5-40 mo), with a median survival duration of
16.2 mo.
[54]
Li et al
used percutaneous cryosurgery to
treat 2 neuroendocrine tumors in 2 patients with
MEN-1 syndrome. The first insulinoma was treated
under CT guidance, where three 1.7 mm diameter
cryoprobes were inserted into the tumor localized in
the pancreatic tail, with 100% argon applied for 10
min. The target zone was covered by an ice ball and
the cycle was repeated. The second lesion was located
in the pancreatic head and preventively treated with
transarterial embolization, due to its dimensions,
followed by cryosurgery under ultrasound guidance.
Four 2 mm diameter cryoprobes were placed into
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the pancreatic head tumor, frozen for 15 min and
then rewarmed. All probes were extracted by 3 cm
and frozen for a further 15 min. A reduction of blood
glucose levels and necrosis were found under CT
studies, with improvement in patient quality of life
being found in the 3 mo follow-up.
[55]
Niu et al
treated 67 patients (31 with cryo
immunotherapy and 36 with cryotherapy) with ductal
adenocarcinoma. Complications included abdominal
distension, nausea, increased amylase serum levels,
ascites, abdominal bleeding, fever, a mild decrease
in blood platelet count, and an increase of fasting
blood glucose levels. The obtained results showed a
decreased pain score and a median overall survival
that was higher after multiple cryoablations than after
a single attempt. A short summary concerning these
studies is shown in Table 3.

IRE

IRE is a non-thermal technique that can be used in
the treatment of locally advanced non-metastatic
pancreatic adenocarcinoma by inducing cell death.
The ablative effect, with its consequential cell death,
is based upon the use of a short high-voltage electric
current. The application of these short high-voltage
electric pulses, guided by one or more monopolar
electrodes placed within the lesion, causes irreversible
permeabilization of lipid membranes, leading to the
disruption of cellular homeostasis and the switching
on of apoptotic pathways, thereby resulting in the cell
[56-63]
death of neoplastic cells
. IRE can be performed
both during surgery and percutaneously.
This emerging non-thermal ablative technique uses
electrodes placed within the targeted lesion in order to
deliver up to 3 kV of direct current, thereby inducing
the formation of nanoscale pores within the cell
membrane, irreversibly damaging the cell homeostatic
[14]
mechanism, and causing apoptosis .
One of the positive features of IRE that separates
it from RFA is the ability to preserve surrounding
structures, such as the underlying tissue and the vital
[56,64-66]
surrounding structures such as nerves or vessels
.
This ability of IRE of preserve vessels could be a very
important aspect for evaluation in cases of tumors that
encase major peripancreatic vessels.
However, this treatment is not a “pure” nonthermal technique, as it could cause partial cellular
damage in a thermal manner and, in some conditions
of high intensity, the current applied can produce
coagulative necrosis similar to those produced by
[56,67]
thermal techniques such as RFA or MWA
. Other
studies have concluded that IRE does not produce
significant thermal energy, at least when using settings
most commonly applied in clinical treatment, but it
has been shown that the presence of a metallic stent
could increase the risk of producing thermal injuries,
[56,68]
due to metal conductivity
. This aspect is therefore
fundamental to keep in mind when treating patients

9667

November 28, 2016|Volume 22|Issue 44|

D’Onofrio M et al . Percutaneous ablation of pancreatic cancer
Table 3 Summary of studies concerning cryosurgery
Authors

Number of
patients

Lesion

Location

Treatment
type

Approach

Needle

Mean treatment
duration

Conclusion

Xu et al[9]

49

Pancreatic ductal
adenocarcinoma

-

Cryosurgery

2 or 3 mm

-

Li et al[54]

2

Neuroendocrine
tumors

36 percutaneous
with US or CT + 13
intraoperative
Percutaneous with
US and CT

1.7 mm
and 2 mm

10 and 15 min

Niu et al[55]

67

Pancreatic ductal
adenocarcinoma

1.7 mm

-

Cryosurgery is
associated with a low
rate of adverse effects
Percutaneous
cryosurgery is
minimally invasive and
has advantages
compared with
conventional surgery
Cryoimmunotherapy
significantly increased
overall survival in
metastatic
pancreatic cancer

Head and tail Cryosurgery

-

Cryosurgery

Percutaneous with
US and CT

US: Ultrasound; CT: Computed tomography.

who are carrying a biliary metallic stent for jaundice
palliation.
The planning of IRE treatment has extreme im
portance. Several tools can be used to help select the
best treatment plan and, as shown in some papers,
can also accurately describe the procedure under ideal
[56,69,70]
settings in cases of pancreatic tumor treatment
.
One of the greatest restrictions of IRE is the
need for general anesthesia with complete muscular
[71]
[72]
paralysis . Bagla et al described a case report of
percutaneous ablation of a pancreatic cancer in the
body-tail, planned and performed as two ablative
sessions in order to avoid the need for more than
six probes to be placed at once. The treatment
was performed with four 15 cm monopolar probes
(NanoKnife; AngioDynamics, Latham, New York,
United States) placed into the central and lateral
aspects of the tumor under ultrasound guidance in
a square configuration, with an average spacing of
1.8 cm. CT imaging with contrast medium was then
performed to evaluate needle position relative to
vessels and measure inter-probe distance. A 22-gauge
spinal needle (Becton Dickinson, Franklin Lakes,
New Jersey) was placed under US guidance into the
gastrohepatic space to perform hydrodissection with
sterile water. The treatment had no complications and
patients suffered no recurrence upon a 6 mo follow-up.
The authors concluded that percutaneous IRE showed
promise as a feasible and potentially safe method
for local tumor control in patients with surgically un
resectable disease.
[73]
Martin et al
described 27 pancreatic cancer
patients (15 in the head and 12 in the body-tail),
of whom 26 were treated with surgical IRE and 1
with percutaneous IRE. IRE was performed via the
NanoKnife system (AngioDynamics, Latham, New
York, United States). Two monopolar probes with
2 cm spacing delivered electroporation defect of
approximately 3.5 cm axial, 2.5 cm anterior-posterior,
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and 2.5 cm cranial-caudal. This electroporation defect
was achieved through a maximum of 1.5 cm exposure,
1500 volts/cm, and with 100 microsecond wave
length. No specific complications occurred to the
percutaneously-treated patient among hematologic
disorders, ileus, bile leak, portal vein thrombosis, deep
venous thrombosis, pulmonary infections, renal failure,
ascites, and wound infection. The authors concluded
that IRE ablation of locally advanced pancreatic
adenocarcinoma is safe and feasible as a primary local
treatment in unresectable locally advanced disease.
[10]
In a 2012 paper, Narayanan et al treated 14 cases
of ductal adenocarcinoma (6 in the head, 1 in uncinated
process, and 7 in body-tail) using the NanoKnife IRE
device (AngioDynamics, Latham, New York, United
States). The IRE was set up to produce 70-microsecond
high-voltage (1500-3000 V) direct current (25-45
A) electrical pulses. Unipolar electrodes were more
commonly used, and the maximum separation between
the electrodes was 2.2 cm. No tissue separation ma
neuvers were used to protect structures adjacent to
the IRE electrodes. The electrodes were advanced
percutaneously under CT guidance. Bipolar probes were
positioned within and around the tumor, and current
was applied when CT had confirmed adequate position.
The generator was programmed to stop delivery and
recharge if the current flow exceeded 48 A. Pull-back
was performed if the target treatment zone was greater
than 2 cm, and treatment was repeated to cover the
entire target. As the only complications encountered
were 1 case of pancreatitis and 1 case of pneumothorax
during anesthesia, the authors concluded that percu
taneous IRE for pancreatic adenocarcinoma is feasible
and safe. 1 patient was retreated owing to local disease
progression after 7 mo. Due to downstaging, two
patients had to receive surgery. The median event-free
survival after the IRE procedure was 6.7. The 6 mo
overall survival was 70%.
[11]
Månsson et al included 24 patients in their study
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Table 4 Summary of studies concerning irreversible ablation
Authors

Number of
patients

Lesion

Location

Treatment type

Approach

Needle Mean treatment
duration

Bagla et al[72]

1

Pancreatic ductal
adenocarcinoma

Body-tail

Irreversible
electroporation

Percutaneous
with US and CT

22 G

-

Martin et al[73]

27

Pancreatic ductal
adenocarcinoma

15 head + 12
body-tail

Irreversible
electroporation

1 percutaneous
+ 26 surgical

-

-

Narayanan et al[10]

14

Pancreatic ductal
adenocarcinoma

Irreversible
electroporation

Percutaneous
with CT

-

-

Månsson et al[11]

24

Pancreatic ductal
adenocarcinoma

6 head + 1
uncinated
process + 7
body-tail
19 head + 5
body-tail

Irreversible
electroporation

Percutaneous
with US

-

-

Conclusion
Percutaneous IRE
showed promise as a
feasible and potentially
safe method for
unresectable tumor
IRE ablation is safe and
feasible as a primary
local treatment in
unresectable locally
advanced disease
Percutaneous
IRE in pancreatic
adenocarcinoma is
feasible and safe
Percutaneous IRE is
reasonably safe and
shows promising
results for efficacy

US: Ultrasound; CT: Computed tomography; IRE: Irreversible electroporation.

who had locally advanced pancreatic cancer (19 in the
head and 5 in the body-tail), prior chemotherapy and/
or radiochemotherapy, and underwent percutaneous
IRE. NanoKnife IRE equipment from AngioDynamics
(Latham, New York, United States) was used. In all
patients, the ultrasound-guided needle placement
outlined the tumor, with a needle also placed in the
center of the tumor when the tumor diameter exceeded
2.0 cm. The electrical parameters were calculated by
the machine in order to compensate for any error in the
assessment of needle distance. Six needles were used
in twenty patients, four needles in two patients, and
three needles in the remaining two patients. The active
needle length was 1.5 cm in all cases. A minimum of
90 pulses was delivered between each adequate needle
pair, which was defined as the distance between the
needles not exceeding 2.5 cm. After completion of the
treatment cycles in the deep portions of the tumors,
the needles were pulled back 1.5 cm and another
treatment with the same parameters was performed
in the superficial portion of the tumor. In 11 patients,
IRE-related complications were observed (infections
and thrombosis), of which 3 were serious. There was
no IRE-related mortality. Recurrence occurred in 9
patients. The overall survival was 17.9 mo. The authors
concluded that percutaneous IRE after chemotherapy/
radiochemotherapy appears reasonably safe and shows
promising results with regards to efficacy. A short
summary of the results is given in Table 4.

treatment, since ductal adenocarcinoma is significantly
hypovascular, detection of the created necrotic area
with respect to residual viable tumor tissue can be
very difficult. A very important difference between
RFA of the pancreas and that of the liver is that, in
the treatment of pancreatic tumors, the presence of
residual viable tumor at the periphery of the treated area
is almost always an intrinsic aspect of the procedure,
as the necrotic area must be included in the tumor.
Additionally, in other thermal ablative procedures, such
as MWA and cryoablation, the ablated area has to be
kept inside the tumor in order to avoid complications
due to thermal energy outside the pancreatic paren
chyma. The most important difference among all
thermal procedures and IRE is that is possible with IRE
to create necrosis throughout the tumor, as opposed to
merely inside it, thereby hypothetically destroying all
the cells within the lesion in order to eliminate viable
tissue borders outside the induced necrosis.
To evaluate the resulting ablated area, dynamic
examination after contrast agent injection is usually
performed from one month after the procedure, as it is
able to detect the intratumoral necrotic area produced
by thermal ablation treatment. In our experience,
patients treated with percutaneous RFA for pancreatic
adenocarcinoma should undergo a CT scan one day
after the procedure in order to completely exclude the
presence of some complications. If no complications
are present, patients should undergo another CT scan
one month after the previous scan as part of routine
follow-up. If the ablated area results under dynamic
CT scan are slightly hyperdense at the basal scan, then
they are obviously avascular throughout the dynamic
phases, thereby maintaining the same basal density.
In particular, while the arterial and venous phases are
very important in highlighting vascular complications

POST-OPERATIVE IMAGING AND
COMPLICATIONS
The goal of all these treatments is to reduce tumor
volume via cytoreduction. In the case of pancreatic
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order to control micrometastases and generate tumor
[8,12]
resistance
. More studies are necessary in order to
assess the ability of these treatments to improve life
expectancy, as there are currently few in the literature.
Percutaneous pancreatic cancer treatment causes
minor complications, including abdominal pain, nausea,
fever, skin burn, and fluid collection, as well as major
complications such as a comprised splenic vein, portal
vein thrombosis, digestive or abdominal bleeding,
duodenal perforation, pancreatic fistula, infection,
severe pancreatitis, and death.
In our experience of 18 cases of pancreatic ade
nocarcinoma treated with percutaneous RFA, none
of the patients developed intra- or post-procedural
[8]
complications .

A

B

CONCLUSION
Currently, ablation procedures are combined with che
motherapy for the treatment of pancreatic cancer. The
percutaneous approach is one of the reported possible
routes to guarantee minimal invasiveness.
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Abstract
Fatty liver, which frequently coexists with necroinflammatory and fibrotic changes, may occur in the
setting of nonalcoholic fatty liver disease (NAFLD)
and chronic infections due to either hepatitis C virus
(HCV) or human immunodeficiency virus (HIV). These
three pathologic conditions are associated with an
increased prevalence and incidence of cardiovascular
disease (CVD) and type 2 diabetes (T2D). In this mul
tidisciplinary clinical review, we aim to discuss the
ever-expanding wealth of clinical and epidemiological
evidence supporting a key role of fatty liver in the
development of T2D and CVD in patients with NAFLD
and in those with HCV or HIV infections. For each of
these three common diseases, the epidemiological
features, pathophysiologic mechanisms and clinical
implications of the presence of fatty liver in predicting
the risk of incident T2D and CVD are examined in
depth. Collectively, the data discussed in this upda
ted review, which follows an innovative comparative
approach, further reinforce the conclusion that the
presence of fatty/inflamed/fibrotic liver might be a
shared important determinant for the development of
T2D and CVD in patients with NAFLD, HCV or HIV. This
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fatty liver as a result of multiple viral and host factors,
[6]
probably including the anti-viral drugs used . Fatty
liver associated with these two highly prevalent viral
infections has collectively been named “virus-associated
[7]
fatty liver disease” (VAFLD) .
Recent studies have addressed the systemic and
cardio-metabolic risks associated with fatty liver due
to different etiologies. For example, both NAFLD and
VAFLD have been linked with an increased risk of
cardiovascular disease (CVD) and type 2 diabetes
(T2D). However, in clinical practice, different medical
expertise is involved in the diagnosis and management
of CVD risk; NAFLD; and HIV mono or co-infection.
In this updated clinical review, we summarize
the rapidly expanding body of evidence supporting a
contribution of fatty liver per se in the development
of CVD and T2D not only in patients with NAFLD but
also in those with chronic HCV or HIV infections. For
each of these diseases, we extensively discuss the
epidemiological burden, pathophysiologic mechanisms
and clinical implications of the presence of fatty liver
in predicting the risk of developing T2D and CVD.
We believe that this review, which follows an inno
vative multidisciplinary and comparative approach,
further reinforces the notion that the fatty/inflamed/
fibrotic liver may represent a shared and important
determinant for the development of T2D and CVD in
patients with any of these three common steatogenic
diseases.

review may also open new avenues in the clinical and
research arenas and paves the way for the planning
of future, well-designed prospective and intervention
studies.
Key words: Atherosclerosis; Cardiovascular risk; Fatty
liver; Fibrosis; Hepatitis C-associated dysmetabolic
syndrome; Hepatitis C virus; Human immunodeficiency
virus; Nonalcoholic fatty liver disease; Steatohepatitis;
Steatosis; Virus-associated fatty liver disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Normally, the liver is almost devoid of fat and
fatty changes often coexist with necro-inflammatory
and fibrotic changes in the setting of nonalcoholic fatty
liver disease (NAFLD), chronic infection due to hepatitis
C virus (HCV) or human immunodeficiency virus (HIV),
which have all been associated with an increased pre
valence and incidence of cardiovascular disease (CVD)
and type 2 diabetes (T2D). On these grounds, in this
multidisciplinary clinical review, we discuss the everexpanding wealth of evidence supporting a key role
of fatty liver in the development of T2D and CVD both
in patients with NAFLD and in those with HCV or HIV
infections.
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NAFLD
Epidemiology, risk factors and natural history of NAFLD

The prevalence of NAFLD in the general adult population
is approximately 25%-30% in Europe and United
States based on imaging studies, i.e., roughly twofold higher than that identified through serum liver
levels; the highest prevalence of disease is observed in
Southern American and Middle Eastern countries while
[8]
the lowest prevalence is found in Africa . An “inverted
U” shaped curve describes the prevalence of NAFLD as
a function of increasing age, suggesting that younger
and older individuals are relatively more spared from
[9]
NAFLD .
The incidence rates of NAFLD have been estimated
between 52/1000 person-years in Asia and 28/1000
[8]
person-years in Israel, respectively . However, very
little is known about the incidence rates of NAFLD
in Western countries. A pioneering study conducted
in northern Italy found that NAFLD incidence was
approximately 2/1000 person-years in a sample of
[10]
women subjected to hysterectomy .
The metabolic predictors of NAFLD are likely to
[11]
vary based on sex . Compared to women, men are
at higher risk of developing NAFLD in most published
[2,12]
studies
, and post-menopausal women are no longer
spared from NAFLD and its fibrotic evolution, owing to
[13,14]
ovarian senescence and estrogen deficiency
.

INTRODUCTION
The storage of excess lipids is not among the physiologic
functions of the liver, which normally is almost devoid
[1]
of fat content . Fatty liver is defined as the presence
of triglycerides in more than 5% of the hepatocytes. In
many cases, such fatty changes (simple steatosis) may
frequently coexist with lipotoxic features, such as necroinflammation and fibrosis (i.e., steatohepatitis), the
extent of which depends on the etiology of such liver
[2]
changes .
Fatty liver may occur in the setting of both metabolic
and viral injuries. For example, nonalcoholic fatty liver
disease (NAFLD) is defined by fatty changes which occur
in individuals without excessive alcohol consumption
and who have (or will develop) features of the metabolic
[3,4]
syndrome (MetS) . Chronic hepatitis C virus (HCV)
infection is also commonly associated with fatty liver,
which occurs to a variable extent according to the viral
[5]
genotype and host’s metabolic features . Similarly,
human immunodeficiency virus (HIV) infection exhibits
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Table 1 Metabolic disorders associated with nonalcoholic fatty liver disease, listed in descending order
From: Younossi et al
Feature

Hyperlipidemia
Obesity
MetS
Hypertension
T2D

[8]

From: Lonardo et al

2016

Strength of associations
Feature
(% Prevalence of a given metabolic condition
in those with NAFLD)
69%
Obesity
51%
Mixed hyperlipidemia with
elevated serum ALT levels
42%
T2D
39%
Mixed hyperlipidemia
22%
MetS
Hypertension

[15]

2015

Strength of associations
(% Prevalence of NAFLD in those with a
given metabolic condition)
98%
83%
70%
60%
70%
50%

ALT: Alanine transaminase; MetS: Metabolic syndrome; T2D: Type 2 diabetes.

[37,38]

It is known that abdominal obesity/overweight, T2D
and other MetS features are strongly associated with
an increased risk of NAFLD. However, the hierarchy
of individual MetS features associated with NAFLD
risk varies across the different studies. For example,
one can report the prevalence of NAFLD in patients
with MetS features as opposed to the prevalence of
[8,15]
MetS features in patients with NAFLD (Table 1)
.
Of concern, most of the MetS features listed in Table
1 are positively associated with the development and
[3,16-19]
progression of NAFLD
.
The natural history of NAFLD features both hepatic
and extra-hepatic outcomes, which have been dis
[20-22]
cussed in detail elsewhere
. The extra-hepatic
outcomes of NAFLD include T2D/metabolic, CVD and
cancer. Simple steatosis, with/without minor degrees
of necro-inflammatory changes, is the first step in the
histogenesis and natural history of NAFLD. Traditionally,
NASH has been postulated to develop in a subset of “bad
storers”, leading to the notion that simple steatosis and
NASH are two different pathologic conditions with little,
[23,24]
if any, mutual interconnections
. However, recent
studies have demonstrated that simple steatosis can
progress to NASH and that both conditions progress to
advanced fibrosis, though this occurs at a much slower
[16,25-27]
pace for simple steatosis than for NASH
. The
severity of hepatic fibrosis, rather than NASH, largely
dictates the prognosis of liver-related outcomes in
[21,28,29]
NAFLD
.
The often used statement “NAFLD is the hepatic
manifestation of the MetS” fails to render the mutual
and bidirectional link existing between these two
diseases. Notably, such statement also fails to pinpoint
that NAFLD is a precursor and almost doubles the risk
of developing T2D and MetS over a median follow-up
[4,30]
period of 5 years
.
Strong evidence also indicates that NAFLD is
associated with an increased risk of subclinical athe
[31-34]
rosclerosis
. The entity of this NAFLD-related
proatherogenic risk is probably linked to the severity of
[35]
[36]
hepatic fibrosis , the degree of fatty liver , or both.
More importantly, follow-up studies have consistently
shown that CVD is the leading cause of mortality in
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NAFLD patients
. However, it should also be pointed
out that fatal and non-fatal CVD complications are not
the only dreadful outcomes in patients with NAFLD.
Indeed a variety of other cardiac complications have
recently been reported in these patients, including
aortic-valve stenosis, cardiac arrhythmias, and increased
re-hospitalization rates following discharge for acute
[39-41]
heart failure
.
Patients with NAFLD have an increased risk of de
veloping hepatic and extra-hepatic cancers. The risk
of hepatocellular carcinoma (HCC) is not only confined
to patients with cirrhosis and accordingly, in NAFLD
patients, HCC tends to escape those surveillance
protocols which are a standard of good clinical prac
[42-45]
tice in individuals with viral chronic liver diseases
.
Further to HCC, increased rates of cholangiocarcinoma
[46-48]
have been reported in NAFLD patients
. Finally, a
variety of extra-hepatic cancers have also been reported
in patients with NAFLD, including colo-rectal, pancreatic
[49]
and uterine cancers , though the consistency of these
associations remains to be definitely proven.

Epidemiological evidence for an association of NAFLD
with T2D

The prevalence of NAFLD is remarkably increased in
patients with T2D, ranging from 30% to 75% according
to age, ethnicity, the study population and the diagnostic
[15]
tools used .
Several retrospective and prospective studies have
shown that NAFLD, as diagnosed either by raised
serum liver enzymes or ultrasonography, independently
predicts the development of incident T2D and
[30,50-52]
MetS
. Recently, two meta-analyses concluded
that NAFLD is associated with a two-fold increased
[4,53]
risk of incident T2D and MetS
. Consistently, an
[52,54]
improvement
or a transient remission of NAFLD
[55]
significantly decrease risk of new-onset T2D .
To date, the only small retrospective cohort study
investigating the association between biopsy-proven
NAFLD and risk of incident T2D found that most of
these NAFLD patients developed T2D over a 13.7-year
follow-up, and that T2D risk was almost three-fold
higher in patients with NASH than in those with simple
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[56]

steatosis .
The presence of T2D also worsens the histological
course of NAFLD. Patients with NAFLD and T2D have a
[3,15,57-59]
high prevalence of NASH and advanced fibrosis
,
and consistently, T2D is a strong predictor of the
severity and progression of histologically assessed
[25,27,57,60]
hepatic fibrosis
. Moreover, T2D is also an
[61,62]
important predictor of the development of HCC
and an increased risk of all-cause and liver-related
[60,63,64]
mortality
.
Worryingly, T2D patients often exhibit advanced
histological disease with normal serum transaminases
and may also develop HCC even in the absence of
[44,61,65]
cirrhosis
resulting in restricted therapeutic
[43]
options and decreased survival .

incidence over the follow-up period; however, the
successful coronary re-vascularization procedures
and the intensive lipid-lowering therapy might have
dramatically improved the prognosis in this specific
[84]
cohort of patients .
Notably, several cohort studies with a reasonably
long follow-up that used biopsy-proven NAFLD have
clearly shown that this disease is associated with an
increased risk of all-cause and cause-specific mortality
[28,29,56,85-87]
(mainly CVD, cancer-related and liver-related)
.
Most of these studies showed that the severity of
hepatic fibrosis was the main determinant of allcause and cause-specific mortality, and that CVD
was the leading cause of death in patients with
[28,29,56,85-87]
NAFLD
. Despite some studies reporting NASH
more closely associated with CVD risk than simple
steatosis, a milestone meta-analysis did not find any
significant difference in CVD risk among patients with
NASH and those with simple steatosis; nevertheless
it confirmed an increased CVD risk in patients with
[53]
NAFLD . Recently, a systematic review and metaanalysis involving 16 observational prospective and
retrospective studies with 34043 adult individuals
(36.3% with NAFLD) and approximately 2600 CVD
outcomes (> 70% CVD deaths) over a median period
of 6.9 years found that NAFLD patients had a higher
risk of fatal and non-fatal CVD events than NAFLD-free
[88]
controls . Patients with more “severe” NAFLD were
also more likely to develop fatal and non-fatal CVD
[88]
events .
Of relevance, persistent NAFLD on ultrasound
also appears to be a risk factor for incident subclinical
atherosclerosis, and by treating NAFLD, we may
improve vascular health. In fact, a retrospective cohort
study of 8020 Japanese adults found that persistent
NAFLD was associated with an increased risk of
developing subclinical carotid atherosclerosis, and that
this association was largely explained by coexisting
[89]
cardiometabolic risk factors . Consistently, a small
randomized clinical trial, by evaluating the effect of a
18-mo treatment with either omega-3 fatty acids or
placebo on the carotid intima-media thickness (IMT)
progression, found that improvement in two markers
of NAFLD severity was independently associated with
[90]
decreased carotid IMT progression .

Epidemiological evidence for an association of NAFLD
with CVD

A large number of studies have consistently shown that
NAFLD is strongly associated with various markers of
subclinical atherosclerosis, independent of traditional
[31,34,66]
CVD risk factors and MetS features
. Epide
[37,39,67]
miological studies
have also shown that NAFLD
is independently associated with a greater severity
of coronary stenoses and an increased prevalence of
[66,68,69]
carotid atherosclerotic plaques
.
Against this background, a consistent body of evi
dence also suggests an association between NAFLD and
increased incidence of fatal and non-fatal CVD events
[38,39,67,70]
in NAFLD patients with/without T2D
. Indeed,
[34,39]
as extensively reviewed elsewhere
, populationbased cohort studies, have reported a strong and
independent association between NAFLD and increased
risk of fatal and non-fatal CVD events independent of
[70-81]
multiple cardio-metabolic risk factors
. Only one
of these studies had assessed coronary artery disease
(CAD) as a pre-specified outcome; it reported that
patients with NAFLD had a higher 10-year risk for CAD
as calculated by the Framingham risk score (FRS) than
the matched control population, featuring almost the
same number of FRS-predicted and actual new CAD
[76]
events . A recent prospective study, involving 125
patients with ultrasound-diagnosed NAFLD and 250
age- and sex-matched control individuals, followedup for 10 years, confirmed that the incidence of CVD
outcomes was significantly higher in patients with
[82]
NAFLD . Studies have also highlighted that middleaged individuals with NAFLD are particularly prone to
[79,83]
increased CVD mortality
. For example, a study
enrolling 980 subjects with NAFLD (diagnosed by
elevated serum aminotransferase levels) compared
to 6594 NAFLD-free individuals, followed up for 8.7
years, reported that the presence of NAFLD was
associated with a higher risk of all-cause and CVD
mortality, independently of traditional CVD risk factors
[83]
in the 45-54 age group . A recent Asian cohort study
performed on NAFLD patients submitted to coronary
angiography paradoxically showed a reduced CVD
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Pathogenic mechanisms of T2D and CVD in NAFLD

T2D in NAFLD: Via ectopic fat storage at multiple
organ sites, insulin resistance (IR) is a key pathogenic
determinant of T2D development in predisposed
individuals with NAFLD. In particular, IR results from
storage of ectopic fat in the liver and skeletal muscles
owing to long-standing excess of energy supply and
subsequent infiltration of macrophages into white
[91]
adipose tissue .
Recent research focused on the complex and bidi
rectional relationship between IR and NAFLD. On the
[3]
one hand, IR is an established risk factor of NAFLD ,

9677

November 28, 2016|Volume 22|Issue 44|

Lonardo A et al . Fatty liver increases the risk of type 2 diabetes and cardiovascular disease
which occurs owing to unopposed lipogenic path
ways being triggered by IR via multiple transcription
factors, such as carbohydrate-responsive elementbinding protein, liver X receptors, sterol regulatory
element-binding protein 1C and upstream stimulatory
[92]
factors . On the other hand, NAFLD per se is a major
determinant of hepatic IR. Evidence for this notion is
that in obese T2D patients the presence of NAFLD is
associated with more severe atherogenic dyslipidaemia,
hyperinsulinaemia and IR in the adipose tissue and
[93]
the liver compared to NAFLD-free control subjects .
A recent study on the molecular effectors of NAFLD[94]
associated IR
has shown that fatty liver induce local
and systemic chronic inflammation and IR via an altered
protein secretory profile, notably including excess fetuin
B, and that the prevention of fatty liver is a rational
target for reducing the development of impaired glucose
disposal in over-nourished individuals. Consistently,
strategies aimed at reducing the development of fatty
liver via antisense oligonucleotides against β-catenin
may protect mice from diet-induced fatty liver and
[95]
hepatic and peripheral IR .
In the setting of obesity or T2DM/pre-diabetes,
the presence of NAFLD often develops in concert
[96-101]
with homologous fatty changes of the pancreas
.
Nonalcoholic fatty pancreas (NAFP) may be diagnosed
[102]
by imaging techniques
, and it is common in the
[99]
general population . The role of NAFP as a pathogenic
mediator for the association between NAFLD and T2D
[103-105]
risk has recently been reviewed
.

was associated with a higher risk of CVD, T2D and
increased cardiac mass, whereas NAFLD without MetS
[i.e., a condition that was more frequently associated
with the I148M variant of the patatin-like phospholipase
domain-containing 3 gene (PNPLA3) polymorphism]
[107]
was not .
Evidence for fibrosis stage playing a role in CVD risk
derives from a cross-sectional study conducted in 1874
healthy European adolescents belonging to the general
population. In that study, NAFLD individuals had more
advanced non-invasively assessed liver fibrosis and
worse cardiometabolic risk profiles independent of
[108]
potential confounders .
Increasing liver fat content is also associated with
worsening atherogenic dyslipidaemia and dysglycaemia;
accordingly, it can reasonably be hypothesized that
the quantity of fatty liver may dictate the risk of
[109]
cardiometabolic outcomes in patients with NAFLD .
Consistent with this hypothesis, a recent cross-sectional
study reported that, independent of NASH, increased
liver fat content was associated with increased rates of
[110]
MetS features in NAFLD patients .
Given that free fatty acids may induce systemic/
hepatic IR, oxidative stress and increased synthesis
of pro-thrombotic markers in cultured human hepa
[111]
tocytes
, it can also be speculated that increased
oxidative stress may be a critical contributor to CVD
risk seen in NAFLD patients. Consistently, NASH was
associated with increased oxidative stress and subclinical
[112]
atherosclerosis in a recent study .
Finally, it is conceivable that also the chemical
nature of hepatic fat content may play a role in the
link between NAFLD and CVD risk. A study reported
that three chemical compounds (11,12-dihydroxyeicosatrienoic acid, 13,14-dihydro-15-keto prostaglandin
D2 and 20-carboxy arachidonic acid) are more abundant
[113]
in NASH than in simple steatosis . Moreover, analysis
of the human hepatic lipidome showed that similar
increases in liver fat content and NASH were associated
with a metabolically harmful saturated, ceramideenriched liver lipidome in “MetS-related NAFLD” but not
in “PNPLA3-related NAFLD”, accounting for the finding
that the former, rather than the latter, was associated
[114]
with an increased risk of T2D and CVD .

CVD in NAFLD: In principle, the increased CVD risk
seen in patients with NAFLD may result from a shared
pathophysiological background, such as systemic IR
and MetS. Such a view, however, would conflict with
those studies reporting that NAFLD per se, regard
less of coexisting MetS features, exposes to excess
[67]
CVD risk . Consistently, patients with more “severe”
NAFLD are exposed to an increased risk of fatal
and non-fatal CVD events compared to NAFLD-free
[88]
controls . In agreement, NASH, rather than simple
steatosis, is associated with endothelial damage and
over-expression of multiple atherogenic mediators
[106]
and regulators of blood pressure
. Collectively,
these data would support that NASH, as opposed to
simple steatosis, is associated with a higher CVD risk.
However, this conclusion needs to be further confirmed
by future larger prospective studies.
Consistent with the notion reported above, the
higher CVD risk seen in patients with NAFLD may
result from increasing fibrosis stage, steatosis grade or
[38]
oxidative stress . Two studies indirectly confirmed this
contention. The first study found that both all-cause and
CVD mortality were higher especially in NAFLD patients
with coexisting MetS features; conversely, the risk of
mortality of metabolically-normal NAFLD patients was
[77]
similar to that of the cohort without liver disease . The
second study found that the MetS-associated NAFLD
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HCV INFECTION
Epidemiology, risk factors and natural history of HCV
infection

The worldwide prevalence of HCV infection approximates
1.6%, affecting about 115 million individuals, 80 million
[115]
of whom are deemed to be viremic . Globally, the G1
genotype is the most common and accounts for roughly
one in two of all HCV infections in adults, followed by
[115]
G3, G2, G4, G6, and G5 genotypes .
Traditional risk factors for HCV infection are: assu
mption of intravenous and intranasal illicit drugs;
hemodialysis; cancer; paid blood donations; having
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received blood products prior to 1990; high-risk sexual
behavior, tattoos or body piercings, working in health
[116]
care . Presently, in developed countries, the majority
of new HCV infections are observed in individuals who
[116]
inject drugs and in men who have sex with men .
Three to four million people are newly infected
annually and approximately 350000 people per year
die from HCV-related causes. HIV-HCV co-infected
individuals sum up to approximately 2500000 world
wide, half of whom belonging to special populations,
[117]
such as drug injectors .
Given that chronicity is the major complication of
acute HCV infection, which can lead to many serious
liver-related and extra-hepatic outcomes, HCV to date
[118]
is a signiﬁcant global public health burden .
Over the last few years, the advent of new direct
antiviral agents (DAA) has revolutionized the HCV
treatment by increasing sustained viral response (SVR)
rates from approximately 50% to > 90%. Given that
SVR plays a key role in HCV natural history, a multicenter observational study recently found that the
survival rates of HCV-related cirrhotic patients who
had attained SVR were essentially similar to those
in the general population, justifying DAA treatment
being administered as earliest as possible to achieve
the maximal benefit in HCV-related, compensated
[119]
cirrhosis .

relationship between prior HCV infection and risk of
[142]
new-onset T2D . A recent meta-analysis of 31 studies
(involving a total of 10388 T2D cases among 61843
HCV individuals and 42358 T2D cases among 202130
HCV-free controls) found that the pooled estimates for
odds ratios for new-onset T2D among individuals with
[122]
HCV infection were 1.58 (95%CI: 1.30-1.86) . These
findings are strikingly similar to the results of a previous
meta-analysis that showed an approximately 1.7-fold
excess risk of new-onset T2D in HCV-infected cases as
[143]
compared to non-infected controls .
Interestingly, a recent study has estimated that
the direct medical costs associated with HCV-related
T2D were 443 million dollars yearly in the United
States, making T2D the most expensive extra-hepatic
[122]
complication of HCV
. Moreover, in patients with
HCV, the coexistence of T2D is strongly associated with
[132,144-148]
an increased risk of liver fibrosis progression
,
[149-152]
cirrhosis and HCC development
, poor liver-related
[152]
outcomes
, lower response rates to peginteferon/
[145,153-155]
ribavirin treatment
, and may also partly account
[156,157]
for the increased CVD risk
.
Given the substantial health and economic burden
of T2D among patients with HCV, treatment strate
gies aimed at eradicating HCV should also consider
the potential benefits in terms of T2D prevention/
resolution. Of note, studies have shown that HCV
clearance with interferon-based treatment regimens
[158,159]
may improve IR and pancreatic beta cell function
,
[160]
reduce T2D development
, and improve renal and
[161,162]
CVD outcomes
. Although new DAAs allow HCV
eradication in the vast majority of HCV patients, little
is currently known on the effects of DAAs on glucose
[163]
metabolism . One study showed that SVR obtained
with the first-wave protease inhibitor telaprevir was
[164]
associated with IR improvement
. Moreover, preli
minary studies showed that DAAs significantly reduced
plasma glucose and hemoglobin A1c (HbA1c) levels in
[165,166]
both HCV patients with and without T2D
.

Epidemiological evidence for an association of HCV
infection with T2D

HCV is a systemic disease featuring a variety of extrahepatic manifestations, among which T2D plays a
[60,120,121]
leading role
. Consistently, T2D is the second
most prevalent extra-hepatic manifestation, affecting
[122]
up to 15% of HCV-infected patients .
Several cross-sectional studies have shown that
patients with HCV-related cirrhosis have a higher pre
valence of T2D than those with cirrhosis unrelated to
[123-125]
HCV infection
. Similar results have also been
[126-129]
reported in the setting of liver transplantation
, and
in patients with all stages of chronic HCV, irrespective of
the presence of cirrhosis, suggesting that the connection
of HCV infection with IR/T2D was independent of the
[130-136]
stage of liver disease
. A cross-sectional study
investigating the relationship between HCV and T2D at
the population level showed that T2D occurred more
often in HCV-infected persons aged more than 40
[137]
years
. Consistently, other cross-sectional studies,
involving T2D patients, showed that these patients had
[138-140]
an increased prevalence of HCV infection
.
Stronger evidence for a possible causal link between
HCV and T2D came from longitudinal studies and metaanalyses. A United States prospective case-cohort
study showed that pre-existing HCV infection increased
the risk of new-onset T2D in persons with coexis
[141]
ting T2D risk factors
. A subsequent communitybased longitudinal study, involving 4958 non-diabetic
Taiwanese individuals, confirmed a significant temporal
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Epidemiological evidence for an association of HCV
infection with CVD

HCV has been isolated from the myocardium of patients
with myocarditis and dilated cardiomyopathy and from
carotid atherosclerotic plaques, suggesting a direct
role of HCV in cardiac dysfunction and accelerated
[167-170]
atherogenesis
. Moreover, a higher prevalence of
traditional CVD risk factors and MetS features, such as
IR/T2D and fatty liver, have been reported in patients
[33,60,122,171]
with HCV compared to uninfected controls
.A
growing body of evidence also identifies HCV infection
as a potential risk factor for subclinical and clinical CVD
[156,157]
complications
.
A proof-of-concept study among 217 Japanese
HCV-positive patients without overt CAD demonstrated
that myocardial perfusion defects, as detected by
scintigraphy, are almost universal in HCV patients,
are associated with liver disease activity and HCV-
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Pathogenic mechanisms of T2D and CVD in HCV
infection

[172]

RNA levels, and improve following viral eradication .
Moreover, functional and morphological myocardial
changes (as assessed by cardiac magnetic resonance)
are common among HCV patients with end-stage liver
[173]
disease
. A population-based cohort study showed
that HCV-infected patients have a higher arterial
[174]
stiffness than HCV-negative control subjects
.
In addition, multiple cross-sectional studies, which
examined carotid atherosclerosis, provided further
strong evidence of a relationship between HCV and
[156,175-179]
subclinical atherosclerosis
. Of note, a recent
meta-analysis confirmed an association between HCV
[157]
infection and carotid atherosclerosis
. The severity
of hepatic steatosis and fibrosis and HCV viral load
are among the strong predictors of carotid athero
[157,178,179]
sclerosis
.
Importantly, HCV infection is also associated with
increased CVD morbidity and mortality. A large study
conducted among US Veterans showed that, despite
a more favorable cardio-metabolic risk profile, HCVinfected patients had a 1.25-fold higher risk of CAD than
[180]
uninfected controls
. Similarly, a recent Taiwanese
community-based study showed that HCV was sig
nificantly associated with ischemic electrocardiogram
[181]
findings , and a United States population study found
a significant association between HCV infection and the
[182]
risk of congestive heart failure . Several case-control
studies subsequently confirmed that HCV infection
predicted CAD and was independently associated
[183-186]
with a greater severity of coronary stenoses
,
also among HCV-HIV co-infected patients and dialysis
[187,188]
patients
.
Similar findings were reported from studies eva
luating the risk of cerebro vascular events among
[189-191]
HCV patients
. For instance, a large Taiwanese
population-based cohort study showed that HCVinfected patients had a 1.3-fold higher risk of ischemic
[189]
stroke than HCV-free individuals
. Of note, HCV
eradication (with interferon-based therapy) has reduced
the long-term risk of ischemic stroke and acute
[161,162,191]
coronary syndrome in HCV patients
.
A recent meta-analysis of 8 observational studies
confirmed that HCV infection was associated with
increased CVD morbidity, and the strength of this
association was similar for CVD and cerebro vascular
[157]
events .
Worryingly, some studies also suggested a sig
nificant association between HCV and cerebral he
[192,193]
morrhages
, and a recent large Taiwanese cohort
study extended the association between HCV and
atherosclerosis by showing that HCV-infected patients
had an increased risk of peripheral artery disease
[194]
compared to non-HCV control subjects .
Finally, a number of studies reported that HCV
infection was independently associated with an increased
[157,195-197]
CVD mortality
also in HIV co-infected patients
[198,199]
and in dialysis patients
.
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A significant proportion of HCV-related morbidity and
mortality may result from the coexistence of T2D and
CVD in the development of which HCV may play a
pathogenic role; moreover, HCV may also induce fatty
[200]
liver, which in its turn, further increases CVD risk
,
[157]
especially in those with T2D and hypertension .
The main reason why HCV is a “successful pathogen”
is that it exploits its host’s metabolism to build up viral
particles. In so doing, HCV infection has developed a
set of metabolic abnormalities collectively referred to
as “hepatitis C-associated dysmetabolic syndrome”
[171]
(HCADS)
. HCADS includes fatty liver, hyperuri
caemia, hypocholesterolaemia, IR, hypertension and
visceral overweight/obesity. Such metabolic disorders
may best be interpreted as a “Darwinian strategy”,
favoring HCV survival at the expense of the host’s
metabolism. The finding of expanded visceral adipose
tissue in HCV-infected patients is consistent with the
hepatic and extra-hepatic origins of IR discussed
above, and prompts further research regarding the
[60]
potential ability of HCV to infect the adipose tissue .
Similar to the pathogenic model of T2D developing
in the setting of NAFLD, HCV may exacerbate IR
eventually leading to dysfunction/damage of pancreatic
beta cells and development of overt T2D in most
[121]
patients over time
. Conversely, HCV eradication
may result in IR improvement, although definite
[201]
evidence for this conclusion is eagerly awaited .
HCV antigens, notably including the core protein,
play a key role in determining IR by interfering with
the AKT signaling pathway, through the action of both
pro-inflammatory cytokines [e.g., tumor necrosis
factor-alfa and interleukin-6 (IL-6)] and suppressors of
[202]
cytokine signaling . The site of IR is not only hepatic
but also extra-hepatic, mainly in the skeletal muscles,
correlates with subcutaneous, rather than visceral
[60,171]
adiposity, and is independent of liver fat content
.
The role of specific viral genotypes in the deve
lopment of IR is also increasingly appreciated. An
extensive French study reported that IR was signi
ficantly associated with G1 and G4 genotypes, high
HCV-RNA viral load and significant hepatic fibrosis,
[134]
irrespective of fatty liver .
T2D and IR are strong predictors of faster pro
gression of liver fibrosis and impaired response rates
[153,203]
to HCV treatment
. Patients with HCV-related
cirrhosis and T2D have an increased susceptibility to
developing hepatic encephalopathy and HCC; moreover,
concurrent T2D accounts for a persistently higher
[204-206]
HCC risk even in those patients attaining SVR
.
Theoretically, in patients with chronic HCV infection, a
better glycaemic control could improve the prognosis
and the response rate to HCV treatment, although
direct evidence for this is limited.
Beneficial effects of antiviral treatment on IR and
T2D are increasingly identified. By evaluating paired
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pre-treatment and post-treatment HOMA-estimated IR
measurements in 1038 non-diabetic HCV patients, a
study found that SVR was associated with a significant
IR improvement in HCV patients infected with G1
genotype (but not in those infected with G2/3); IR
improvement was independent of body weight, serum
transaminase and lipid level changes, suggesting that
G1 genotype might directly promote IR, independent
of host metabolic factors, and might be improved
[207]
following HCV eradication .
A preliminary clinical trial of 29 patients with T2D
who were receiving different interferon-free regimens
reported that fasting glucose and HbA1c levels were
significantly reduced by the treatment, irrespective of
the DAA used, HCV genotype, body weight and HIV
status. Consistently, the dosages of hypoglycemic
drugs were reduced in about a quarter of these
[165]
patients .
T2D is not the only metabolic disease observed
in the setting of HCV infection. Over time, several
metabolic features of what is now alluded to as the
HCADS have been increasingly identified. The HCVrelated fatty liver, which is one of such features,
was first identified as a distinct disease entity. Data
comparing fatty liver both in the viral setting and NAFLD
suggest that IR is a prominent feature specifically
[7]
associated with HCV infection .
All HCV genotypes share multiple “NAFLD-like”
steatogenic mechanisms, such as increased availability
of lipogenic substrates and de novo lipogenesis;
decreased oxidation of fatty substrates and export of
fatty substrates. However, G3 genotype induces more
prominent derangements in molecular mediators of
steatogenesis (e.g., microsomal triglyceride transfer
protein; peroxisome proliferator-activated receptor
alpha; sterol regulatory element-binding proteins
and phosphatase and tensin homologue), thus am
plifying those steatogenic mechanisms, which also
take place in NAFLD. As a result of this, fatty liver is
more frequently associated with G3 genotype and is,
therefore, designated as “viral fatty liver” as opposed
to fatty liver occurring in HCV non-3 genotypes and
particularly G1 genotype, which is more closely associated
[171,203,208-210]
with host’s features
.
Among the various features of HCADS, HCV-related
fatty liver has a distinct, prominent clinical impact in
as much as it accelerates hepatic fibrogenesis; impairs
the response rates to interferon-alpha and ribavirin
treatments; increases the risk of developing HCC and
[33,156,171,179]
predisposes to accelerated atherogenesis
.

approximately 37 million people already living with
[211]
HIV . Against these dramatic features, over the last
15 years, HIV medicine gained impressively positive
results in terms of improved life expectancy for HIVinfected adults in Western countries. This finding
results from major changes in the natural history
of HIV disease and in the efficacy of anti-retroviral
[212,213]
therapy (ART)
. Scale-up of the ART is on a fasttrack trajectory that has surpassed expectations.
Global coverage of ART reached approximately 46% at
the end of 2015 (with the greatest gains in the world’s
[214]
most affected region, Eastern and Southern Africa) .
Several recent studies have suggested that the life
expectancy of HIV-infected patients may approach
that of the general population, particularly among
[215]
patients who initiated ART at earlier disease stages .
Simultaneously, HIV seroconversion among older age
persons is increasingly recognized, partly due to a
[216]
lower perception of sexual risk in older people . As
a result of these changes, what we observe is that
HIV-infected persons are more likely to be older and
have an increased burden of age-related comorbidities
compared to persons of a similar age who have been
[217]
infected by HIV more recently .
While this “graying” of the HIV-infected population
is to be welcomed as an indication of improved treat
ment and survival rates, the increasing number of
older HIV-infected patients with increased rates of
comorbidities presents new challenges for patient
care. Cardio metabolic complications, such as CVD,
atherogenic dyslipidemia and glucose intolerance/T2D,
are very common in older HIV-infected patients, and
justify the onset of multidisciplinary metabolic clinics
for the management of patients with chronic HIV[218]
related co-morbidities .

Epidemiological evidence for an association of HIV
infection with T2D

Patients with HIV are at higher risk of new-onset
[219]
T2D compared to the general adult population
.
The reasons for this increased T2D risk are not
entirely understood, but may include the use of some
[220]
[221]
ARTs
, the presence of HCV co-infection
, and
[222,223]
the HIV-induced systemic chronic inflammation
.
Untreated HIV is associated with higher levels of
multiple pro-inflammatory biomarkers, and initiation of
ART results in a decline, but does not normalize plasma
[224]
pro-inflammatory biomarkers
. The occurrence of
IR, which is causally associated with the development
of T2D, was one of the first metabolic disorders
[225]
associated with HIV disease and treatments .
T2D development can be, at least in part, linked
to an underlying chronic inflammation. Populationbased studies suggested that higher levels of IL-6 and
C-reactive protein (CRP) are independently associated
[226]
with an increased risk of new-onset T2D
. Crosssectional studies also reported a significant and positive
association between plasma CRP levels and IR in

HIV INFECTION
Epidemiology, risk factors and natural history of HIV
infection

Recent UNAIDS estimates indicate than in 2015
there were approximately 2.1 million new cases of
HIV infections worldwide, adding up to a total of
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[227]

[239]

non-diabetic individuals
. Moreover, it has been
shown that in healthy volunteers the administration of
subcutaneous recombinant human IL-6 induced a dose[228]
dependent increase in fasting glucose levels . A recent
retrospective cohort study involving 3695 non-diabetic
participants, who took ART and were followed-up for
an average of 4.6 years, found that higher circulating
CRP and IL-6 levels were significantly associated with
an increased risk of new-onset T2D. Other common risk
factors for new-onset T2D in this cohort of HIV-infected
patients were older age, higher body weight, coinfection with hepatitis B or C, non-smoking status and
use of lipid-lowering drugs. All these findings suggest
that systemic chronic inflammation may contribute to
[229]
the development of T2D in patients with HIV .

Epidemiological evidence for an association of HIV
infection with CVD

CD4 cell count
. Similarly to Gp120, Tat may also
decrease endothelium-dependent vasodilation and
nitric oxide synthase secretion in porcine coronary
[240]
arteries .
In addition to the above-mentioned humoral
effects, cellular immune activation may also play a role
[241]
in CVD development among HIV-infected patients .
Monocytes are readily infected by HIV and may adhere
to the endothelial surface and, eventually, penetrate in
[242]
the sub-endothelial space and intima . Furthermore,
+
+
monocytes expressing CD14 and CD16 are also
prone to a greater pro-inflammatory activity once
[243]
infected by HIV .
Uncertainty still remains as to the extent to which
traditional CVD risk factors, immune risk factors, and
non-traditional behavioral risk factors contribute to CVD
development in HIV-infected individuals. Importantly,
the circulating monocyte activation marker sCD163 is
associated with high-risk morphology coronary athe
[244,245]
rosclerotic plaques and arterial inflammation
.
Finally, in specific populations of HIV patients, nontraditional behavioral risk factors, such as cocaine use,
may also contribute to accelerated atherogenesis via
[246]
multiple mechanisms .

[230]

The burden of CVD is increased in HIV-infected patients .
The investigators of the Veterans Aging Cohort Study
(VACS) recently analyzed the data collected in 82459
Veterans who were followed-up for a mean period of 5.9
years. When these VACS participants were stratified by
the presence or absence of traditional CVD risk factors,
HIV-infected patients without risk factors had a twofold greater risk of incident acute myocardial infarction
compared to uninfected control individuals and their
risk steeply increased with each additional CVD risk
[231]
factor added .
Although CVD has become a major cause of
mortality among HIV-infected patients, outnumbering
those figures expected based on the high prevalence
of CVD risk factors observed in this patient population,
controversy still exists regarding the underlying
pathogenic mechanisms of accelerated atherosclerosis
in HIV.
Such an increased CVD risk may be likely due
to both a direct role of HIV and the dysregulated
immunological responses caused by chronic HIV
[231-233]
infection
. Tight control of HIV replication and
maintenance of a good CD4 count seem to protect
from the risk of incident CVD events. However, there
is conflicting evidence regarding the association of
the CD4 cell count and the HIV-RNA levels with the
[234,235]
risk of CVD
. The trans-activator of transcription
(Tat), i.e., a regulatory protein that enhances the
efficiency of viral transcription, may represent a
pathogenic mechanism by which HIV may directly
[236]
induce accelerated atherogenesis
. Tat induces
the expression of intercellular adhesion molecule-1
(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1),
[237]
and E-selectin , which are associated with an increased
[238]
incidence of CVD in healthy individuals . The levels
of these circulating endothelial adhesion molecules are
markedly increased in HIV-infected patients, and there
is a significant relationship of elevated soluble ICAM-1
levels with HIV disease progression and reduced

WJG|www.wjgnet.com

Pathogenic mechanisms of T2D and CVD in HIV
infection

In HIV-infected patients the etiology of CVD and T2D
reflects the complex and intertwined interactions of
multiple factors present in this particularly high-risk
patient population, such as the higher prevalence of
traditional and non-traditional CVD risk factors, the
effects of HIV infection, and the effects of ARTs. In this
context, it is reasonable to assume that fatty liver itself
might also play a pathogenic role in the development
of CVD in patients with HIV.
The adverse effect of the HIV infection on the
re-distribution of adipose tissue is known as “lipohypertrophy”, which mainly consists of the expansion
of ectopic fat depots such as abdomen, liver, dorsocervical region (sometimes with buffalo hump), trunk
and heart, which may all contribute to the development
[247]
of T2D and other MetS features .
In patients in whom fatty liver occurs in the context
of HIV and/or HCV (i.e., VAFLD), the development of
fatty liver may result from a complex interplay between
host and viral factors, such as sex, lifestyle habits, IR,
[210,248]
MetS, HCV genotype, viral load and ART use
. In
HIV-infected patients, the potential steatogenic effect
[249,250]
of ARTs remains controversial
. Although VAFLD
[251]
is highly prevalent in HCV/HIV-coinfected patients ,
the natural history of fatty liver observed in these
patients remains incompletely understood. A recent
study reported that fatty liver was a precursor lesion
[252]
to hepatic fibrosis
, suggesting that the effective
management of fatty liver might also result in the
reduction of hepatic fibrosis progression in patients
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[253]

with HCV/HIV co-infection . Moreover, IR is a predi
ctor of reduced SVR in both HCV-monoinfected and
[155]
HCV/HIV-coinfected patients
. All these findings
further underline the importance of improving our
understanding of the independent contribution of fatty
liver to the pathophysiology of CVD and T2D in this
patient population.
To date, there are very limited data regarding the
clinical, biochemical and liver histological features of
HIV-related VAFLD; moreover, it remains uncertain
whether VAFLD differs in terms of clinical presentation
and histological severity from primary NAFLD. A small
cross-sectional study showed that, compared to ageand sex-matched patients with primary NAFLD, those
with HIV-related VAFLD not only had a more severe
metabolic profile but also more severe forms of liver
[254]
disease .
Presently, large prospective studies on VAFLD in
HIV are lacking. A very small series of 10 HIV monoinfected VAFLD patients, who were treated either
with maraviroc (MRV) plus atazanavir (n = 7) or with
vitamin E (n = 3), found that at baseline the histologic
degree of hepatic steatosis was 20% and decreased
to approximately 10% after treatment. The extent
of steatosis improved in all patients, except for two
patients who gained body weight. A reduction in
hepatic fat content assessed histologically and with
magnetic resonance at 48 wk was found both in the
atazanavir/MRV and, to a lesser extent, in the Vitamin
E treatment groups. The results of this preliminary
study suggest a possible role of MRV in the treatment
of fatty liver in HIV-infected patients (Guaraldi G et al,
unpublished data). However, future large randomized
clinical trials are needed to confirm these findings.
As lipodystrophy may predispose HIV-infected
patients to develop T2D and other MetS features,
new prevention and management strategies should
be evaluated. For example, avoidance of some ART
regimens, containing stavudine and zidovudine, might
help in preventing the development of lipoatrophy,
but no strategies have proven effective against
[255]
lipohypertrophy
. For patients with established
lipoatrophy, switching from ART regimens, containing
either stavudine or zidovudine, to an alternative ART
regimen could be an empirical choice. Tesamorelin, a
synthetic growth-hormone-releasing analogue, has
been approved for the treatment of lipohypertrophy.
This drug may reduce both abdominal visceral
[256]
[257]
adiposity
and liver fat content , but its long-term
effects on the risk of T2D and CVD remain uncertain.

followed an innovative multidisciplinary comparative
approach, by extending the widely accepted
[60,258]
comparison of NAFLD with chronic HCV infection
to HIV infection.
What we have found is that, the published data
are biologically consistent in identifying NAFLD as a
major player in the development of T2D and CVD
(as schematically shown in Figure 1). Indeed, the
clinical burden of NAFLD is not only restricted to
liver-related morbidity or mortality, but there is now
growing evidence that NAFLD is a multisystem disease,
affecting multiple extra-hepatic organs and regulatory,
[259]
inflammatory and metabolic pathways
. Strong
evidence indicates that CVD complications frequently
dictate the clinical outcomes of NAFLD patients and,
therefore, screening for CVD is mandatory in all patients
with NAFLD, at least by utilizing a detailed risk factor
[15,259-261]
assessment
. Furthermore, convincing evidence
also supports a link between NAFLD and the risk of new[60,259]
onset T2D
. Collectively, accumulating evidence
suggests that NAFLD is not a simple marker of CVD
and T2D, but also plays a part in the pathophysiology
[38,60,259,261]
of these cardiometabolic complications
.
NAFLD, especially in its necro-inflammatory variant
(NASH), exacerbates systemic/hepatic IR, predisposes
to atherogenic dyslipidaemia, and releases several proinflammatory, pro-coagulant, pro-oxidant and profibrogenic mediators that play important roles in the
[38,60,259,261]
development of CVD and T2D
.
Likewise, HCV and HIV are two globally prevalent
pathogens and leading causes of mortality and
morbidity worldwide. Patients with chronic HCV infection
or HIV infection are at higher risk of developing
[60,157,262,263]
T2D and CVD
. Interestingly, fatty liver is
often observed in patients with chronic HCV or HIV
[60,264]
infections
and a wide array of similarities with
NAFLD further supports a link of HCV or HIV infections
with the risk of T2D and CVD.
On the grounds of data examined here, it is
therefore reasonable to assume that fatty liver might
be a shared pathological condition which plays a key
role in the development of T2D and CVD not only in
patients with NAFLD but also in those with chronic
HCV or HIV infections. However, further research is
required to further corroborate the prognostic role
of fatty liver per se in the development of T2D and
CVD in patients with chronic HCV or HIV infections,
and to better elucidate the differences and similarities
between NAFLD and VAFLD. Moreover, it remains
uncertain whether specific algorithms for CVD/T2D risk
[37]
assessment
should be implemented and validated
both in patients with NAFLD and in those with VAFLD.
In the meantime, the findings of this review may
disclose new avenues in the clinical and research
arenas. Our findings also pave the way for planning
future prospective and intervention studies of clinical
relevance because, for example, with the success of
ARTs, HIV-related co-morbidities, like T2D and CVD,

CONCLUSION
In this narrative review, we have tested the hypothesis
that fatty liver represents a shared pathogenic
mechanism for the development of CVD and T2D not
only in patients with NAFLD but also in those with
chronic HCV or HIV infections. To do so, we have
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Fatty liver
Normal liver
NAFLD
HCV
HIV

Liver fibrosis
Hepatokines (fetuin-A)
Pro-inflammatory
cytokines (IL-6)
Specific intracellular
lipid species (Ceramides)
Activation of signal
transduction pathways
(PXC)

Metabolic
derangements
Inflammation and
oxidative stress (CRP,
IL-6, TNF-α)
Prothrombotic state
Arterial hypertension

Normal insulin sensitivity
Protection from CVD risk
IR/IGT/T2D

Increased CVD risk

Figure 1 Mechanisms underlying type 2 diabetes and cardiovascular disease in nonalcoholic fatty liver disease and virus-associated fatty liver disease.
This cartoon schematically depicts the nonalcoholic fatty liver disease (NAFLD)-derived paradigm supporting a link between NAFLD and the development of type 2
diabetes (T2D) and cardiovascular disease (CVD). Based on this model, the presence of NAFLD per se plays a role in the pathogenesis of these two cardiometabolic
complications. This possibly occurs through the systemic release of several pro-inflammatory/pro-coagulant mediators from the steatotic/inflamed/fibrotic liver
or through the contribution of NAFLD itself to insulin resistance and atherogenic dyslipidaemia. Virus-associated fatty liver disease (VAFLD) identifies fatty liver
associated with either chronic HCV or HIV infections. The novel comparative data presented in this review support the assertion that VAFLD conceptually mimics
NAFLD and thus might partly contribute (along with specific viral factors related to HCV and HIV) to the pathogenesis of T2D and CVD also in this group of patients.
The putative pathogenic mechanisms illustrated in the right hand side of the figure have been predominantly shown in NAFLD[37,104] and, by inference, should also be
investigated in VAFLD.
[263]

are of increasing concern
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Epidemiology of pancreatic cancer
Milena Ilic, Irena Ilic
338000 people had pancreatic cancer in 2012, making
th
it the 11 most common cancer. The highest incidence
and mortality rates of pancreatic cancer are found
in developed countries. Trends for pancreatic cancer
incidence and mortality varied considerably in the
world. A known cause of pancreatic cancer is tobacco
smoking. This risk factor is likely to explain some of the
international variations and gender differences. The
overall five-year survival rate is about 6% (ranges from
2% to 9%), but this vary very small between developed
and developing countries. To date, the causes of pan
creatic cancer are still insufficiently known, although
certain risk factors have been identified, such as
smoking, obesity, genetics, diabetes, diet, inactivity.
There are no current screening recommendations for
pancreatic cancer, so primary prevention is of utmost
importance. A better understanding of the etiology and
identifying the risk factors is essential for the primary
prevention of this disease.
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Core tip: Pancreatic cancer is the one of leading
causes of cancer mortality and one of the most lethal
malignant neoplasms across the world. The highest
incidence and mortality rates of pancreatic cancer are
found in developed countries. The estimated 5-year
survival rate for pancreatic cancer is about 5%. The
causes of pancreatic cancer are still insufficiently
known, although certain risk factors have been iden
tified, such as cigarette smoking, positive family history
and genetics, diabetes mellitus, obesity, dietary factors,
alcohol use, physical inactivity. There are no current
screening recommendations for pancreatic cancer, so
primary prevention is of utmost importance.
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Abstract
Cancer of the pancreas remains one of the deadliest
cancer types. Based on the GLOBOCAN 2012 estimates,
pancreatic cancer causes more than 331000 deaths
per year, ranking as the seventh leading cause of
cancer death in both sexes together. Globally, about
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2012 was 4.9 per 100000, and among women 3.6 per
[1]
100000 (Figure 2) . In men, the risk of developing
pancreatic cancer was high in Armenia (11.9) and
Czech Republic (11.8), Slovakia and Hungary (equally
- 11.5), then in Japan and Lithuania (equally - 10.6)
(Figure 2A). In contrast, the risk of contracting pan
creatic cancer in men was the lowest in Pakistan
(0.5) and Guinea (0.4). The regions with the highest
incidence rates of pancreatic cancer in women were
Northern America (6.4 per 100000), Western Europe
(6.3), and Northern Europe and Australia/New Zealand
[1]
(5.9 and 5.4, respectively) (Figure 1) . The lowest
rates of pancreatic cancer incidence (less than 1.0 per
100000) were in Middle Africa and Polynesia. Women
living in Hungary, Denmark, Finland and Armenia have
the greatest risk (aproximatelly 7.5 per 100000) of
dying from pancreatic cancer, while women in Tanzania,
Guinea, Cameroon, Namibia and Pakistan have the
lowest disease risk (less than 1.0 per 100000) (Figure
2B).
The incidence rates for both sexes increase with
[3,4,6]
age, the highest in older than 70 years
. It is predo
minantly a disease of the elderly, and almost 90% of
[6,13]
all cases are diagnosed after the age of 55 years
.
Although it is not possible to fully explain the di
fferences in the incidence of pancreatic cancer in
different parts of the world, most of the international
variation in the incidence of pancreatic cancer has been
attributed to exposure to known or suspected risk
[9,10,13]
factors related to lifestyle or the environment
.
Tobacco smoking is likely to explain these international
[11]
variations and gender differences . Some findings
may be indicating that obesity may have some effect
[14]
on differences . Additionally, some findings indicate
the role of aging and hereditary and genetic factors.
The reasons for higher incidence of pancreatic cancer
in men are still insufficiently known: women are either
less prone to these kinds of malignant tumors, or are
less exposed to risk factors from the environment
[9,15]
responsible for their occurrence
. Besides that,
international differences probably reflect diagnostic
capacity and the change in use of various diagnostic
[16]
modalities . In 2012, Europe carried one third of
the overall incidence, which likely reflected the more
accurate diagnosis of pancreatic cancer rather than
[17]
etiology . It should be noted that some differences in
incidence of pancreatic cancer around the world may be
attributed to the quality of registries, which coverage,
[18]
completeness and accuracy varies by country .

http://www.wjgnet.com/1007-9327/full/v22/i44/9694.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9694

INTRODUCTION
Pancreatic cancer is the one of leading causes of cancer
mortality in developed countries and one of the most
[1-3]
lethal malignant neoplasms across the world . The
two main tumor types of pancreatic cancer are adeno
carcinoma (that accounts for about 85% of cases), and
pancreatic endocrine tumors (which are make up for
[1,4,5]
less than 5% of all cases)
.
Based on the GLOBOCAN 2012 estimates, pan
creatic cancer causes more than 331000 deaths per
year (accounts for 4.0% of all deaths), ranking as the
seventh leading cause of cancer death in both sexes
[1]
together . About 338000 people had pancreatic cancer
th
[1,2]
in 2012, making it the 11 most common cancer .
The estimated 5-year survival rate for pancreatic cancer
[2,4]
is less than 5% . The incidence and mortality of
pancreatic cancer worldwide correlated with increasing
age and was slightly more common in men than in
[1-3]
women
. In the past decades, pancreatic cancer
mortality has been increasing in both genders (for
example, in the United States, European countries,
[1,3,6-8]
Japan, China)
.
The causes of pancreatic cancer are still insu
fficiently known, although certain risk factors have
been identified, such as cigarette smoking, positive
family history and genetics, diabetes mellitus, obesity,
[9-12]
dietary factors, alcohol use, physical inactivity
.
Understanding the epidemiology of pancreatic
cancer could be the key to elucidating the etiology
of pancreatic cancer and thus the cornerstone of
developing a prevention strategy.

INCIDENCE
The incidence of pancreatic cancer varies greatly across
regions and populations. Incidence rates for pancreatic
cancer in 2012 were highest in Northern America (7.4
per 100000 people) and Western Europe (7.3 per
100000 people), followed by other regions in Europe
and Australia/New Zealand (equally about 6.5 per
[1]
100000 people) (Figure 1) . The lowest rates (about
1.0 per 100000 people) were observed in Middle Africa
and South-Central Asia. Differences in incidence rates
were twenty fold between the populations with the
highest rate (Czech Republic - 9.7), and the population
with the lowest rate (Pakistan - 0.5). More than half of
new cases (55.5%) were registered in more developed
[1]
regions . Slightly less than half (41.0%; 139363 of
cases) of all new cases of pancreatic cancer in 2012
were recorded in the countries of Asia.
There are significant geographic variations in the
[1,2,6-8]
incidence of pancreatic cancer by genders
. The
incidence rate of pancreatic cancer among men in
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MORTALITY
International mortality rates for pancreatic cancer
vary significantly in different areas. Rates of mortality
from pancreatic cancer in 2012 in both genders were
highest in Northern America (6.9 per 100000 people)
and Western Europe (6.8), followed by other European
regions and Australia/New Zealand (approximately [1]
6.0, respectively) (Figure 1) . The lowest mortality was
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Figure 1 Pancreatic cancer incidence and mortality in men and women, by regions, GLOBOCAN 2012 estimates.

recorded in the countries in Middle Africa and SouthCentral Asia (less than 1.0 per 1000000 people). The
differences in mortality rates were nearly fifty fold
between the populations with the highest and lowest
rate (Armenia vs Tanzania: 8.9 vs 0.2). More than one
third (111029 deaths) of all deceased from pancreatic
cancer are residents of Europe. Slightly less than half
(41.5%; 137251 deaths) of all deaths from pancreatic
[1]
cancer were recorded in 2012 in Asian countries .
More than half (55.8%, 184429 deaths) of deceased of
pancreatic cancer were registered in more developed
regions. At least deaths were registered in Micronesia/
Polynesia. The least number of deaths was registered in
Micronesia/Polynesia.
Mortality of pancreatic cancer in both genders
increases with age, and almost 90% of all deaths are
[1,3]
registered after the age of 55 years . The highest
mortality rates in 2012 in males were recorded in
Central and Eastern Europe (Latvia - 11.9, Hungary
[1]
- 11.5) (Figure 3A) . The mortality from pancreatic
cancer was lowest (less than 1.0 per 100000 people)
in Belize and Bahrain. The highest mortality rates in
2012 in females were recorded in Hungary (7.5) and
[1]
Malta (7.2) (Figure 3B) . The mortality from pancreatic
cancer was lowest in women in Belize (0.8).
Mortality of pancreatic cancer is almost identical
with its incidence, because it is one of the most fatal
[19,20]
malignant tumors
. Reasons for the substantial
differences in mortality rates of pancreatic cancer
were not completely elucidated. Differences in rates
of incidence can be apparent and specious. Specious
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differences may arise as a result of changes in the
diagnosis of diseases and causes of death, as a result
of a real shift in the incidence and/or fatality. Data
on the incidence/mortality published by WHO are not
[18]
of the same quality in all countries . Although the
quality (accuracy and completeness of cause of death
registration, primarily) and the coverage of information
in most developing countries can be considered limited,
the registry often remains the only available source.
Symptoms, signs and insufficiently defined conditions
as the underlying cause of death are significantly more
often mentioned in Serbia, the Russian Federation
and Greece than in more developed countries such
as the United states of America, United Kingdom,
and Finland, which points to the need for a cautious
interpretation of the data statistics of mortality in
[18]
international comparisons . Pancreatic cancer is
difficult to diagnose. Malignant pancreatic neoplasm
was among the most common cancers detected at
[16,21]
autopsy studies
. It is known that for pancreatic
cancer there is no workable modality of screening,
early detection and effective treatment, which has
the consequence of survival rates varying very little
[22]
between developed and developing countries .
Current available treatment options for pancreatic
cancer are limited. Due to the advanced stage at
diagnosis, 80%-90% of patients have unresectable
tumours and long-term survival after surgical resection
[13,19,23]
is poor
.
High smoking prevalence has been widely recognized
as the main contributor to the high mortality rates of
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Figure 2 Pancreatic cancer incidence in men (A) and women (B), GLOBOCAN 2012 estimates. 1Country with the lowest mortality rates; 2Country with the
highest mortality rates. GLOBOCAN 2012 estimates[1].
[11,24]

pancreatic cancer
. Numerous evidence support
that diet (animal fat and meat consumption, etc.) plays
[25,26]
a role in the development of pancreatic cancer
.
In addition, the highest rates for pancreatic cancer
mortality in eastern European countries suggested that
other factors (including prevalence of diabetes, obesity,
alcohol use) could influence the mortality of pancreatic
[27]
cancer .

the observed period. For women in the United Kingdom,
Finland, Japan, United States and Australia, rates
tended to rise up to the early 1990s, and to level
off thereafter (Figure 4B). In Eastern and Southern
European countries (such as Hungary and Greece),
rates rose from the early 1970s to onwards.
In the United States, whites and blacks experienced
opposite trends in pancreatic cancer death rates
[28]
between 1975 and 2013 . In whites, pancreatic
cancer death rates decreased by 0.2% per year from
1095 to 1996 and then increased by 0.4% per year
through 2013. In contrast, the rates among blacks
increased between 1975 and the late 1990s and then
decreased thereafter. Also, in last decades a decreasing
trend was found in both sexes in the United Kingdom,
[13]
Sweden, Australia, the Netherlands, Mexico . An
increasing trend in both sexes was noticed in France,
Japan, Brazil, Republic of Korea, and most countries of
Central (Germany, Hungary), Eastern (Russian Fede
ration, Poland, Romania, Serbia), and Southern Europe
[13,29-31]
(Italy, Spain)
.
To date, however, temporal trends in pancreatic

TEMPORAL TRENDS
Trends for pancreatic cancer mortality varied con
siderably in the world. Figure 4 represent pancreatic
cancer mortality trends in 8 selected countries using
official data for pancreatic cancer abstracted from the
[1]
WHO database over the period 1955 to 2012 . For
men in most developed countries (United States, the
United Kingdom, Australia, Japan and Finland), a rise
was observed between the early 1955 and the late
1980s, followed by a leveling off since 1990s (Figure
4A). Thus, rates for men in Eastern and Southern
Europe (Hungary and Greece) rose continuously over
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Figure 3 Pancreatic cancer mortality in men (A) and women (B), GLOBOCAN 2012 estimates. 1Country with the lowest mortality rates; 2Country with the highest
mortality rates. GLOBOCAN 2012 estimates[1].

disease might also partially explain the observed figures,
at least part of the recent trends in some countries
[18,27,31]
of Southern, Central and Eastern Europe
. It is
unlikely, however, that progress in the treatment of
pancreatic cancer could have a significant impact on
mortality trends, also given the negligible changes in
[19,22,23,35]
survival over the last decades
. Also, it is known
that the changes in coding of pancreatic cancer had
minimal influence on mortality trends of pancreatic
[18,36]
cancer in the second half of the XX century
.

cancer incidence and mortality have not been well
understood. In both sexes, temporal trends in cigarette
smoking prevalence were related to temporal trends in
pancreatic cancer mortality with a roughly lag of several
[9,11,24]
decades
. Decreased smoking, particularly in men,
has been widely recognized as the main contributor
to the decreases in mortality trends from pancreatic
[24,32]
cancer in developed countries
. The mortality
rate of pancreatic cancer began to decline earlier in
the countries where the tobacco control started to be
implemented earlier (such as United States, the United
Kingdom, Australia). However, the recent increasing
trends in some countries in the European Union suggest
that other factors (including mainly obesity, physical
inactivity, diabetes, and dietary factors), besides
smoking, may have influenced the pancreatic cancer
[20,22,31,33]
mortality
. In recent years, people in developing
countries adopt lifestyles and behaviors that are typical
for developed countries, such as cigarette smoking,
higher consumption of saturated fat and calorie-rich
[25,27,34]
foods, and reduced physical activity
. Besides,
the trends might be due to disparities in socioeconomic
circumstances between high- and low-income areas.
Improved diagnostic and death certification of the
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SURVIVAL
Cancer of the pancreas remains one of the most
deadly common cancer types: the Mortality/Incidence
[1]
ratio is 98% . The overall five-year survival rate is
about 6% (ranges from 2% to 9%), but this partly
[37,38]
reflects varying data quality worldwide
. For
pancreatic cancer, survival rates vary very small between
[37]
developed and developing countries .
Based on the United States National Cancer
Institute’ data for pancreatic cancer in both sexes and
all races, 9.4% are diagnosed at the local stage while
the 5-year survival for localized disease was 29.3%
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ETIOLOGY AND RISK FACTORS
To date, the causes of pancreatic cancer are still
insufficiently known, although certain risk factors
have been identified. People are at higher risk to
develop pancreatic cancer with any of the risk factors
such as smoking, obesity, genetics, diabetes, diet,
[9,12,13,52]
inactivity
.
In the study in the United Kingdom in 2011 it was
estimated that around 26.2% of pancreatic cancers
in men and 31.0% in women was linked to tobacco
[9]
smoking . The International Agency for Research
on Cancer confirmed that smoking is causally asso
[11,33]
ciated with pancreatic cancer
. A recent metaanalysis that included 82 studies found that the risk
of pancreatic cancer was RR = 1.7 for current and
[53,54]
RR = 1.2 for former smokers
. Cigarette smoking
causes an increase in the risk of pancreatic cancer
by 75 percent compared to non-smokers, and the
risk persists for at least 10 years after smoking
[34,54]
cessation
. The European (EPIC) study showed
in 2012 that risk increased for every five cigarettes
[55]
smoked per day . Also, the same EPIC study
noticed that passive smoking can increase the risk of
[54]
pancreatic cancer by 50% .
The risk of developing pancreatic cancer increases
[13,56]
with age
. Over 80% of pancreatic cancers develop
between the ages of 60 and 80 years. Pancreatic
cancer rarely occurs before the age of 40, and more
than half of cases of pancreatic adenocarcinoma
occur in those over 70. Pancreatic cancer affects men
[1,56]
and women equally
. Studies in the United States
have shown that pancreatic cancer is more common
in the African American population than it is in the
[57,58]
white population
. Some of this increased risk
may be due to socioeconomic factors and to cigarette
[3,24,53,56]
smoking
.
According to an American Cancer Society study,
obesity has been associated with increased mortality
from cancer of the pancreas: risk of pancreatic cancer
among obese (body mass index BMI ≥ 30) men and
women compared with men and women of normal
[59]
body mass index (< 25) was RR = 2.08 . A burden
study published in 2011 estimated that, in the United
Kingdom, around 12.8% of pancreatic cancers in men
and 11.5% in women can attributed to overweight/
[9]
obesity . The recent meta-analysis has confirmed the
hypothesis that both general and abdominal obesity
[60]
are associated with increased pancreatic cancer risk .
Besides, physical inactivity has been linked with
increased risk of cancer of the pancreas.
There is some evidence that intake of red or
processed meat and high-temperature cooking may
increase the risk of pancreatic cancer. In a large United
Kingdom cohort study in 2016, low meat eaters (about
30%-45% lower mortality), as well as vegetarians and
vegans (about 50% lower mortality) had lower mortality
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Figure 4 Pancreatic cancer mortality trends among men (A) and women (B)
in selected countries. GLOBOCAN 2012 estimates[1].
[3]

during 2006-2012 . More than half (52%) of all cases
were diagnosed at the distant stage with the 5-year
survival rates of 2.6%.
Some intercountry survival differences for pancreatic
cancers exist over Europe: 5-year survival rate was
[39]
less than 3% in both sexes in England and Wales ,
[22]
[40]
Denmark and Sweden - 3.8% , in Italy - 1.2% .
EUROCARE Working Group analyzed the survival of
cancer patients diagnosed from 1990 to 1994 in 22
European countries and showed that 5-year survival
rates were highest in men in Estonia (7.0%) and in
women in Czech Republic (7.5%), while lowest survival
rates were recorded in men in Malta (0.0%) and in
[37]
women in Slovenia (1.3%) . Survival from pancreatic
cancer in Germany in the early 21st century was
[35]
9.0% .
Survival rates of pancreatic cancer in population are
affected by many factors, such as the type of cancer, the
staging at the time of diagnosis, serum albumin level,
and tumor size, treatment modality, availability and
differences in health care systems, and other factors
[23,37,41-50]
including age, sex, overall health, lifestyle
.
Besides, pancreatic cancer survival rates could be
influenced by factors such as the validity of cancer
registry, exhaustiveness and quality of registration data,
[22,51]
completeness of follow-up
.
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for pancreatic cancer compared with regular meat
[61]
eaters . The EPIC study found no association between
intakes of red and processed meat and pancreatic
cancer risk, while poultry consumption was associated
[62]
with an increased risk . A recent meta-analysis of 11
prospective studies found a positive association between
pancreatic cancer incidence and processed meat
[63]
consumption . But, some studies have not supported
[64]
these findings , or have provided support for the
[65]
association among men only . On the other hand,
frequent nut consumption is inversely associated with
[66,67]
risk of pancreatic cancer in women
. A recent large
nested case-control study in 2010 showed increased
risk even at consumption of 60 g/d or more of liquor
[68]
(spirits), and found no association with beer or wine .
Findings from the latest meta-analysis support that fruit
and vegetable intake is associated inversely with the
[69]
risk of pancreatic cancer . Additionally, a summary
review of meta-analytical studies showed that the major
protective factor is increasing fruit or folate intake, with
[70]
respective population preventable fractions of 0-12% .
In the Italian population, 11.9% of pancreatic cancers
were attributable to a low adherence to Mediterranean
[71]
diet .
Diabetes mellitus is linked with increased risk of pan
[70,72]
creatic tumors
. Both type Ⅰ and type Ⅱ diabetes
[72-74]
have doubled the risk of pancreatic cancer
. The
pancreatic cancer burden study in the Italian po
pulation estimated that 9.7% of pancreatic cancers
[71]
were attributable to diabetes . The United States
National Cancer Institute estimates that diabetes is
associated with a 1.8-fold increased risk of pancreatic
cancer, particularly in Hispanic men and Asians in com
[75]
parison with whites and blacks . Pancreatic cancer
risk decreased with duration of diabetes, but a 30%
excess risk persists for more than two decades after
[76]
diabetes diagnosis . Oral antidiabetics or insulin
use were associated with a reduced risk of pancreatic
[75,76]
cancer
.
Some studies showed that Helicobacter pylori
(H. pylori) infection is the major risk factors associated
with pancreatic cancer, with estimated population
[70]
attributable fraction of 4%-25% . But, other studies
did not observe an association of H. pylori infection with
[77]
pancreatic cancer .
Patients with pancreatitis, especially the chronic
or recurrent forms, had a moderate excess of pan
[78]
creatic cancer risk . About 4% of chronic pancreatitis
[79]
patients developed pancreatic cancer . It is estimated
that 1.34% of pancreatic cancers are atributable to
chronic pancreatitis, but for those who were under the
[80]
age of 65 that risk was two times higher . Patients
with hereditary pancreatitis (rare, autosomal-dominant
disease, usually occurs at a young age) have a risk that
[81]
is 50-60 times greater than expected .
It is estimated that 5%-10% of pancreatic cancers
[9,52]
are hereditary
. A family history of pancreatic cancer
in a parent, sibling or child was associated with increased
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risk of pancreatic cancer . People with at least two
first-degree relatives (mother, father, brother, sister)
with pancreatic cancer have almost double the risk of
[83]
people without pancreatic cancer in their family .
There are many of inherited genetic disorders which
are known to increase the risk for pancreatic cancer,
including Lynch syndrome, Peutz-Jeghers syndrome, the
Familial atypical multiple mole melanoma syndrome,
Hereditary breast and ovarian cancer syndrome, LiFraumeni syndrome, Familial adenomatous polyposis,
[83]
etc . Individuals with mutations or deletion in such
genes as PRSS1, K-ras, p16, p53, and BRCA2 have an
[84]
increased risk of developing pancreatic cancer .
Some findings show a link between pancreatic
cancer and previous cancers (cancer of the gallbladder,
lung, stomach, uterus, breast, colon, etc.) and other
[84-86]
conditions (Crohn’s disease, gastric ulcer)
.
Other potential risk factors include aspirin use,
occupational exposure to certain pesticides, and dietary
[70,86]
factors such as carbohydrate or sugar intake
.
Most of pancreatic cancer risk factors are only weakly
associated with the disease. Additionally, many people
with pancreatic cancer do not have any one specific risk
factor for it.

PREVENTION
There are no current screening recommendations for
pancreatic cancer, so primary prevention is of utmost
importance. A better understanding of the etiology and
identifying the risk factors is essential for the primary
prevention of this disease. Potentially modifiable risk
factors include tobacco smoking, obesity, and diabetes
mellitus, diet, alcohol consumption. So far, the best
preventive strategy against pancreatic cancer is risk
reduction, including lifestyle modification (smoking
cessation, healthy weight, diet high in fruits and
vegetables, regular exercises), and regular control of
[9,13,52,53]
health issues
.

Lifestyle modifications

Control of smoking offers the best available strategy
for reducing the incidence of pancreatic cancer. It has
been estimated that about 30% of pancreatic cancers
[9]
could be prevented by prevention of smoking . A
European-wide prospective study in 2009 showed that
risk is reduced to the levels of a non-smoker after just
[54]
five years of cessation .
Epidemiological data show that dietary factors
which are associated with increased risk of pancreatic
cancer are meat, red meat in particular, and energy:
preventive measures include recommendations for
reducing the intake. Protection is mainly provided by
means of a “prudent”, well balanced diet, diet con
taining ample fruits and vegetables, nut consumption,
vitamins (β-carotene, vitamin D and E), and more
[26,87,88]
dietary compounds
. Also, it is necessary to
limit the alcohol use, which is known to increase the

9700

November 28, 2016|Volume 22|Issue 44|

Ilic M et al . Pancreatic cancer
[101]

pancreatic cancer risk through development of chronic
[89]
pancreatitis and cirrhosis .
Chemoprevention, with agents such as COX inhibitors
and aspirin, could mean benefit for persons at high
risk for pancreatic cancer and needs to be verified in
[90,91]
future
.
Chronic pancreatitis caused by heavy alcohol
consumption or by an underlying inherited disorder
is associated with a high risk of pancreatic cancer.
Reduced alcohol use has been shown to reduce the
risk of pancreatic cancer. Screening PRSS1 (Cationic
trypsinogen gene) mutation as the mutation that
causes hereditary pancreatitis is being performed for
the development of a screening programme aimed at
[92]
detecting pancreatic cancer at an early stage .
Patients with cystic neoplasms of the pancreas
develop pancreatic cancer in about 60% to 70% of
[93]
patients . The complete extirpation of cystic neoplasms
[94]
is now performed as a cancer preventive strategy .
Some risk factors such as age, gender, race,
and family history cannot be modified. But, there is
secondary prevention that might lower pancreatic
cancer risk.

However, it remains an area of great interest

CONCLUSION
Around the world significant efforts are being made in
order to better understand pancreatic cancer. Detailed
epidemiological analyses of pancreatic cancer trends
and further analytical epidemiological researches will
help guide future cancer control strategies.
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MINIREVIEWS

Galectin-3 and IL-33/ST2 axis roles and interplay in dietinduced steatohepatitis
Nada Pejnovic, Ilija Jeftic, Nemanja Jovicic, Nebojsa Arsenijevic, Miodrag L Lukic

Abstract

Nada Pejnovic, Ilija Jeftic, Nemanja Jovicic, Nebojsa
Arsenijevic, Miodrag L Lukic, Center for Molecular Medicine
and Stem Cell Research, Faculty of Medical Sciences, University
of Kragujevac, 34000 Kragujevac, Serbia

Immune reactivity and chronic low-grade inflammation
(metaflammation) play an important role in the patho
genesis of obesity-associated metabolic disorders,
including type 2 diabetes and nonalcoholic fatty liver
disease (NAFLD), a spectrum of diseases that include
liver steatosis, nonalcoholic steatohepatitis (NASH),
fibrosis, and cirrhosis. Increased adiposity and insulin
resistance contribute to the progression from hepatic
steatosis to NASH and fibrosis through the development
of proinflammatory and profibrotic processes in the
liver, including increased hepatic infiltration of innate
and adaptive immune cells, altered balance of cytokines
and chemokines, increased reactive oxygen species
generation and hepatocellular death. Experimental
models of dietary-induced NAFLD/NASH in mice on
different genetic backgrounds or knockout mice with
different immune reactivity are used for elucidating
the pathogenesis of NASH and liver fibrosis. Galectin-3
(Gal-3), a unique chimera-type β-galactoside-binding
protein of the galectin family has a regulatory role in
immunometabolism and fibrogenesis. Mice deficient
in Gal-3 develop pronounced adiposity, hyperglycemia
and hepatic steatosis, as well as attenuated liver
inflammation and fibrosis when fed an obesogenic
high-fat diet. Interleukin (IL)-33, a member of the
IL-1 cytokine family, mediates its effects through
the ST receptor, which is present on immune and no
nimmune cells and participates in immunometabolic
and fibrotic disorders. Recent evidence, including our
own data, suggests a protective role for the IL-33/IL33R (ST2) signaling pathway in obesity, adipose tissue
inflammation and atherosclerosis, but a profibrotic role
in NASH development. The link between Gal-3 and
soluble ST2 in myocardial fibrosis and heart failure
progression has been demonstrated and we have
recently shown that Gal-3 and the IL-33/ST2 pathway
interact and both have a profibrotic role in diet-induced
NASH. This review discusses the current evidence on
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kinases (JNK), IκB kinase (IKK) and protein kinase
PKR, which in turn interferes with insulin signaling and
triggers insulin resistance in adipose tissue, liver and
[5,6]
skeletal muscle . Therefore, obese individuals are at
increased risk for developing both type 2 diabetes and
liver diseases.
The diverse immune cell populations in the liver
together with the inflammatory potential of nonhe
matopoetic hepatic cells have a central role in obesity[7]
associated steatohepatitis and fibrosis . Evidence
suggests that cytokines are important mediators of
diet-induced hepatic steatohepatitis, and the balance
between proinflammatory Th1 and anti-inflammatory
[8]
Th2 cytokines are changed . Animal models of
NAFLD/NASH are used for studies of pathogenesis of
obesity-associated liver pathology including dietary
models of experimental mice on various backgrounds
with different susceptibility for the development of highfat diet (HFD)-induced obesity and related metabolic
disorders.
Galectin-3 (Gal-3), an evolutionarily conserved lectin
that is produced by various cell types including immune
cells and adipocytes, participates in immunometa
[9-11]
bolism
. Gal-3 has pro- and anti-inflammatory
roles depending on the pathophysiological condition
and tissue type. Gal-3 has the ability to bind to and
dispose of advanced-glycation end-products and
[11,12]
lipoxidation end-products
. Gal-3 is upregulated
in adipose tissue in obesity and evidence including
our own data demonstrates increased adiposity,
hyperglycemia and enhanced inflammation in adipose
[13]
tissues and pancreatic islets in Gal-3 knockout mice ,
which also develop accelerated and more severe
pathology in experimental models of atherosclerosis
[14,15]
and metabolically-induced kidney damage
.
Interleukin (IL)-33, a member of the IL-1 superfamily
of cytokines that is expressed by epithelial, endothelial
and innate immune cells, functions as a traditional
cytokine produced from living cells and as a nuclear
factor regulating gene transcription. IL-33 can function
as an “alarmin” - released following cell necrosis to
alert the immune system to tissue damage or stressand exerts its biological effects through binding to
[16]
the its receptor, ST2
that is present on immune
[17]
and nonimmune cells . The IL-33/ST2 pathway is
involved in the regulation of inflammation and remode
[18]
ling during obesity and NASH . Administered IL-33
enhanced accumulation of Th2 cells and promoted
polarization of M2 type macrophages in adipose
tissue, and reduced adiposity and glucose levels in
[17]
obese diabetic (ob/ob) mice . Recent data give
+
evidence that IL-33 promoted expansion of ST2 T
regulatory cells in adipose tissue during obesity and
attenuated adipose tissue inflammation and insulin
[18]
resistance . IL-33 seems to have a hepatoprotective
role in Concanavalin A-induced hepatitis and in ischemia[19,20]
reperfusion injury
. Thus, the evidence that IL-33/
ST2 signaling is an important regulatory pathway in

the roles of Gal-3 and the IL-33/ST2 pathway and their
interplay in obesity-associated hepatic inflammation and
fibrogenesis that may be of interest in the development
of therapeutic interventions to prevent and/or reverse
obesity-associated hepatic inflammation and fibrosis.
Key words: Galectin-3; Liver fibrosis; Interleukin-33;
ST2; Nonalcoholic steatohepatitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Obesity-associated chronic low-grade infla
mmation (metaflammation) plays an important role
in the pathogenesis of nonalcoholic steatohepatitis
(NASH). Galectin-3 (Gal-3), a β-galactoside-binding
protein, plays a regulatory role in metaflammation and
tissue fibrosis. The Interleukin (IL)-33/ST2 pathway has
a protective role in obesity and adipose tissue inflamma
tion and promotes liver fibrosis. The characteristics of
dietary-induced NASH differ in mice on different genetic
backgrounds and Gal-3 and ST2 (IL-33R) knockout
mice. In this report, we review current evidence on the
roles of Gal-3 and the IL-33/ST2 pathway and their
interplay in obesity-associated hepatic inflammation and
fibrogenesis that may be of interest in the development
of therapeutic interventions.
Pejnovic N, Jeftic I, Jovicic N, Arsenijevic N, Lukic ML.
Galectin-3 and IL-33/ST2 axis roles and interplay in diet-induced
steatohepatitis. World J Gastroenterol 2016; 22(44): 9706-9717
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i44/9706.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i44.9706

INTRODUCTION
Metabolism and immunity are closely connected and in
the conditions of chronic overnutrition and low energy
expenditure during obesity immune-mediated metabolic
control are exerted in metabolic tissues, including
adipose tissue and the liver. Metabolism and immunity
share regulatory components that are yet incompletely
[1]
understood . Nonalcoholic fatty liver disease (NAFLD)
and nonalcoholic steatohepatitis (NASH), a severe
form of NAFLD that can progress to liver fibrosis and
cirrhosis, are regarded as a hepatic manifestation of
[2]
metabolic syndrome . The etiopathogenesis of NASH
remains poorly understood, but existing data indicate
[3]
that it is far more prevalent in obese individuals .
Obesity is characterized by increased adipose tissue
mass, but also ectopic lipid accumulation and chronic
[4]
low-grade inflammation in metabolic tissues . The
adipose tissue of obese individuals contains infiltra
ting immune cells and increased local generation of
proinflammatory cytokines, as a result of the activation
of stress kinases including c-Jun N-terminal protein
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immunometabolic diseases are accumulating, but the
role of this axis in obesity-associated liver pathology is
scarce.
Gal-3 and IL-33 are two unrelated molecules, but
recent studies point to the link between Gal-3 and
soluble ST2 (sST2) in the pathophysiology of adverse
[21]
myocardial remodeling and heart failure
and both
molecules are regarded as prognostic markers in
patients with acute myocardial infarction and acute or
[22,23]
chronic heart failure
. Gal-3 promotes myocardial
fibrosis, whereas myocardial fibrosis and hypertrophy
are prevented through interaction between IL-33 and
[24]
ST2 . The interaction between Gal-3 and the IL-33/
ST2 pathway in liver fibrosis has not been studied,
and reported data indicate that both pathways have a
profibrotic role in obesity-associated hepatic fibrosis.
Thus, Gal-3 and the IL-33/ST2 pathway may be potential
therapeutic targets for treating or preventing liver
pathology associated with obesity.
Here, we review the roles of Gal-3 and the IL-33/
ST2 axis in the pathogenesis of liver metabolic disorders
related to obesity and their interplay in diet-induced
fibrotic NASH. These findings stem from our research
of the effects of the genetic deletion of Gal-3 and ST2 in
mice on relevant translational models of susceptibility to
obesity-associated diseases.

parallel hits model is more likely responsible for the
[30]
disease progression . Current evidence suggest that
lipotoxicity and oxidative stress represent the major
mechanisms underlying hepatocyte dysfunction which
initiates a cascade of steatonecrosis and inflammation.
Additionally, deposition of fibrous tissue is the natural
consequence of hepatocyte injury that is mediated
[30,31]
by chronic inflammation
. NASH is characterized
by intrahepatic accumulation of innate and adap
tive immune cells through action of chemokines and
cytokines that may also promote activation of hepatic
stellate cells (HSCs) and their differentiation into
myofibroblasts, the key players in the pathogenesis
[32-34]
of liver fibrosis
. Intrahepatic immune cells and
hepatic cells sustain chronic inflammation and by
action of TGF-β and the IL-33/IL-13 pathway induce
transdifferentiation of HSCs into myofibroblastic cells
responsible for excessive extracellular matrix (ECM)
[34-36]
deposition, mostly in the form of collagen
as illus
trated in Figure 1.

MOUSE MODELS OF NASH
Experimental models that mimic the human NASH
are needed to study causes and pathogenesis of this
disease and to serve as adequate models for testing
novel therapeutic strategies for this disease. Various
options of animal models of NAFLD/NASH are used
and are divided into genetic, dietary and combination
models. Animals with naturally occurring mutations
that inactivate key genes (e.g., leptin gene in the ob/
ob mice), animals with specific genetic manipulations,
and animals subject to environmental and dietary
variations are used for this purpose. Mice with different
genetic backgrounds, knockout and transgenic mice,
have been used in studies of obesity-related metabolic
[37,38]
diseases
. The reported genotype-dependent
differences in the susceptibility to developing fibrotic
NASH could be associated with differential immune
and inflammatory responses to metabolic danger
molecules in these mice.
We have used C57Bl/6 and BALB/c mice, which
are strains commonly used in studies on immunore
gulation and HFD-induced metabolic disorders. The
C57Bl/6 mice and BALB/c mice are regarded as pro
totypic Th1- and Th2-type mouse strains, respectively.
Recent evidence indicates that the balance between
M1/M2 macrophages and Th1/Th2 lymphocytes is
of critical importance for the outcome of obesityrelated metabolic disorders. The constitutive and HFDinduced differences in the distribution of immune
cells in metabolic tissues exist in C57Bl/6 and BALB/c
mice. We have recently reported inherent and HFDinduced differences in immunometabolic phenotype in
[39]
these two mouse strains . In response to HFD, the
C57Bl/6 mice exhibited greater weight gain, higher
glycemia, increased adiposity and higher prevalence of
proinflammatory innate and adaptive immune cells in

PATHOGENESIS OF NASH
NAFLD is regarded as a hepatic manifestation of
metabolic syndrome, and has increasing incidence
worldwide that is in line with the increased prevalence
of obesity and type 2 diabetes. NAFLD is a spectrum
of liver diseases that encompasses simple steatosis,
NASH and cirrhosis, and it is strongly associated with
[25]
obesity and metabolic syndrome . Visceral adipose
tissue (VAT) from lean individuals and animals contain
predominantly M2 type (alternatively activated) tissue
resident macrophages that attenuate inflammation by
secreting IL-10, whereas the VAT of obese individuals
characterize the shift towards the M1 (classically
activated) macrophages which secrete proinflamma
tory cytokines, such as TNF-α, that promote insulin
[26]
resistance . NASH and the consequential liver fibrosis
represent major health problems without effective
[25,26]
therapy
.
Increased lipolysis in adipose tissue and increased
plasma free fatty acids together with metaflammation
are believed to promote lipid accumulation in hepa
[27,28]
tocytes leading to liver steatosis
. The pathogenesis
of fibrotic NASH is described in a “two-hit hypothesis”,
wherein insulin resistance acts as “first hit” that
leads to liver steatosis which renders hepatocytes
more susceptible to a “second hit” which could
involve inflammatory and oxidative stress mediators,
[29]
lipotoxic fatty acids, cholesterol and ceramides .
In addition to this concept of the two-hit model, it
is now appreciated that a more complex multiple
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Figure 1 Immune cells in the pathogenesis of nonalcoholic steatohepatitis. During obesity, proinflammatory M1 macrophages and Th1-type lymphocytes
infiltrated in the visceral adipose tissue mediate metaflammation that triggers insulin resistance. Increased amounts of free fatty acids (FFAs) released from adipose
tissue accumulate in hepatocytes, causing liver steatosis. Liver regulatory T cells suppress metabolic inflammation. Multiple signals from visceral adipose tissue and
gut polarize liver resident macrophages towards M1 type, promote chemotaxis of immune cells and hepatocyte injury. Damaged hepatocytes release IL-33, which
promotes release of profibrogenic IL-13 and TGF-β from IL-33R (ST2)-positive macrophages. Liver resident innate lymphoid cells type 2 (ILC2s) might also respond to
IL-33 by producing IL-13. Profibrogenic cytokines activate quiescent hepatic stellate cells, which transform to myofibroblasts, the key cells involved in the development
of liver fibrosis.

C57Bl/6 and BALB/c mice differentially regulate the
expression of genes related to lipid metabolism in
liver in response to high-fat feeding, as HFD-induced
marked liver steatosis and upregulated the hepatic
LXRα and PPARγ genes in BALB/c mice. C57Bl/6 mice
fed HFD developed liver fibrosis and had increased
hepatic procollagen and TGF-β mRNA expression,
and IL-33, IL-13 and TGF-β protein levels in liver
homogenates, while diet-matched BALB/c mice had
scarce collagen deposition in liver and lower levels of
[39]
hepatic profibrogenic cytokines . The representative
images of HFD-induced liver pathology in C57Bl/6 and

VAT than the BALB/c mice. Th1-type mice on an HFD
regimen were more susceptible to the development
of visceral adiposity, liver inflammation and fibrosis,
while the Th2-type mice were more susceptible to
liver steatosis, which was associated with differential
immune cell composition in adipose tissue and liver
[39]
in this mouse strain . In comparison to BALB/c
mice, more numerous myeloid dendritic cells (DCs),
+
high
proinflammatory macrophages and CD11b Ly6C
+
monocytes and CD8 T lymphocytes were found in
livers of HFD-fed C57Bl/6 mice, together with higher
levels of hepatic levels of IL-6, TNF-α and IFN-γ.
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Figure 2 Galectin-3 and IL-33/ST2 axis in diet-induced steatohepatitis. Increased liver steatosis, but attenuated inflammation and fibrosis, in Galectin-3 knockout
mice fed high-fat diet compared to diet matched C57Bl/6 wild-type mice (left panel). Decreased liver steatosis, inflammation and fibrosis in ST2 knockout mice fed
high-fat diet compared to diet matched BALB/c wild-type mice.

both lectin-like and CRDs, and can be present on the
cell membrane, in the cytoplasm and the nucleus,
and in extracellular spaces, including the systemic
[9]
circulation . Gal-3 recognizes endogenous glycans
and modulates intracellular signaling pathways upon
[40]
[41,42]
[43]
cell activation , proliferation
and apoptosis .
Gal-3 exerts important cell-cell and cell-ECM pro[44,45]
adhesive roles
, while also acting as a scavenger
molecule for glucose and lipid adducts and in binding
[46,47]
of microbial products, including endotoxin
. Gal-3 is
expressed in innate and adaptive immunity cells and its
production is altered in a variety of pathophysiological
conditions, including autoimmune and inflammatory
[13,48-50]
diseases, cancers and fibrotic disorders
. Gal-3
may have pro- and anti-inflammatory roles depending
on the nature of the pathophysiological process, the
type of tissue and the cellular localization.
Recent findings suggest an important regulatory
role for Gal-3 in metabolic disorders, including obe
[13,51,52]
[13,51]
[14]
sity
, diabetes
, atherosclerosis , lipid[15]
induced glomerular injury
and hepatic steatosis/
[53]
inflammation . The evidence so far, including our
own data, indicates that gal-3 plays an important role
in the regulation of adiposity, glucose metabolism,
[13,53]
steatohepatitis and liver fibrosis in mice
. Obesity,
via gain of ectopic fat and inducing metaflammation,

BALB/c mice are shown in Figure 2. Strain-dependent
differences in metabolic variables and composition
of immune cells in metabolic tissues need to be
considered in designing metabolic studies, particularly
in studying obesity-associated fibrotic NASH.

GAL-3 IN HFD-INDUCED
STEATOHEPATITIS
Galectins are evolutionarily conserved proteins that bind
glycans, the carbohydrate structures broadly distributed
on mammalian cells which can be altered by various
pathological stimuli. There are 15 members of the
galectin family which, via the carbohydrate-recognition
domain (CRD), bind the cell surface β-galactosides
and multiple terminal N-acetyllactosamine (LacNAc)
sequences and cause intracellular signaling events
involved in the regulation of various biological re
sponses. The ‘‘galectin signalosome’’ has a role in
many physiological and pathological conditions, and
better understanding of its functions could lead to
the development of novel therapeutic agents such
as recombinant galectin proteins or specific galectin
inhibitors.
Gal-3 has a unique ‘‘chimera-type’’ structure, having
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[53]

in metabolic tissues . We have demonstrated that
the Gal-3-deficient mice fed HFD exhibit accelerated
obesity and excess adiposity, hyperglycemia, insulin
resistance, dyslipidemia and inflammatory changes
in VAT and pancreatic islets. We have shown that
obesity-associated hepatic lipid accumulation was
uncoupled from the fibroinflammatory response in
the liver in Gal-3 knockout mice in this experimental
[53]
model . In comparison to the WT mice, the HFDfed Gal-3 knockout mice developed more pronounced
liver steatosis which was accompanied by upregulation
of hepatic FAS, PPAR-γ, Abca-1 and Cd36 mRNA
expression, the lipogenic genes involved in fatty acid
[53]
uptake and lipid synthesis
(Table 1). However, in
obese Gal-3 knockout mice, liver injury, inflammation
and fibrosis, and hepatic procollagen α1 and α-SMA
mRNA expression were markedly lower compared to
the WT mice on the same diet regimen, findings that
[56]
were similar to the data reported by Iacobini et al .
The more pronounced hepatic fibro-inflammatory
response induced by the obesogenic diet in the WT
mice was associated with more numerous myeloid
+
+
DCs and M1 macrophages (F4/80 CD11c ) infiltrated
into the livers and higher hepatic F4/80, CD11c,
[53]
NLRP3 inflammasome and IL-1β mRNA expression .
In contrast to the Gal-3 knockout mice, the WT mice
on the obesogenic diet had increased percentages of
+
+
hi
CCR2 proinflammatory monocytes (CD11b Ly6C )
in blood, bone marrow and liver and higher hepatic
[53]
expression of CCL2 . HFD-fed Gal-3 knockout mice
exhibited higher endotoxemia, but the hepatic TLR4
and CD14 NADPH-oxidase enzymes’ mRNA expression
was lower in comparison to the diet-matched WT mice.
The obesity-driven greater steatosis was uncoupled
with attenuated NASH in Gal-3-deficient mice, thus
Gal-3 is involved in the progression of obesogenic diet[53]
induced steatohepatitis in mice .
Furthermore, WT mice on HFD exhibited pro
nounced liver fibrosis accompanied by markedly higher
hepatic expression of procollagen α1, IL-33 and IL-13
mRNA compared to Gal-3 knockout mice on the same
diet regimen, while hepatic TGF-β mRNA expression
[53]
was similar . Gal-3 has an important profibrotic role
and our data are consistent with the observation that
Gal-3 disruption attenuated ECM production both
in vitro in HSC cultures and in vivo in the model of
[59]
carbon tetrachloride (CCl4)-induced cirrhosis . In this
model, the disruption of the Gal-3 gene blocked TGFβ-mediated myofibroblast activation and procollagen
expression, thus markedly attenuating CCl4-induced
liver fibrosis in mice.
Host-derived galectins may contribute to amplifying
or attenuating of antimicrobial immune responses.
Since Gal-3 directly interacts with the microflora and
a variety of pathogenic bacteria, the contradictory
results obtained when examining the role of Gal-3
in inflammation using Gal-3 knockout mice may
at least in part be the consequence of different
microbial populations and/or the involvement of

Table 1 Changes in mRNA levels of lipid metabolism and
-/-/fibrosis-related genes in livers of LGALS3 and ST2 mice
during high-fat diet-induced nonalcoholic steatohepatitis
-/-

-/-

Target gene

LGALS3 mice

ST2 mice

Abca-1
Cd36
LXR-α
PPARγ
Coll-α1
α-SMA
IL-33
IL-13
TGF-β

Upregulated
Upregulated
Unchanged
Upregulated
Downregulated
Downregulated
Downregulated
Downregulated
Unchanged

Unchanged
Downregulated
Downregulated
Downregulated
Downregulated
Unchanged
Downregulated
Downregulated
Unchanged

Abca-1: ATP-binding cassette transporter; LXR-α: Liver X receptoralpha; PPARγ: Peroxisome proliferator-activated receptor gamma;
Coll-α1: Procollagen alpha 1; α-SMA: Alpha-smooth muscle actin; IL-33:
Interleukin-33; IL-13: Interleukin-13; TGF-β: Transforming growth factorbeta.

promotes insulin resistance, β cell failure and hepatic
steatosis, thus representing the major risk factor for
the development of type 2 diabetes and NAFLD.
The data regarding the role of Gal-3 in the patho
[54]
genesis of NAFLD are contrasting. Nomoto et al
have reported that Gal-3-deficient mice spontaneously
develop steatosis at 6 mo of age. In addition, using
the murine model of choline deficient, L-amino aciddefined diet - induced NASH that same group reported
that ablation of Gal-3 led to a more pronounced
steatosis and liver injury that could be related to and
distinctive from the Gal-3 knockout mice on the CD1
[55]
background used in these studies . In contrast, in a
[56]
study by Iacobini et al , Gal-3 knockout mice were
resistant to the development of steatosis and fibrotic
NASH when fed an atherogenic diet. The authors
demonstrated that proatherogenic HFD accelerated
renal and aortic lesions, but attenuated NASH in Gal-3
knockout mice, which was accompanied by less fat
deposition in liver and decreased oxidative stress.
They also demonstrated that AGE/ALE levels and
RAGE expression were decreased in the liver in spite
of their increased circulating levels and that Gal-3
expressed on liver sinusoidal cells and endothelial cells
has a major role in the uptake of these glucose and
[56]
lipid adducts . Gal-3 binds AGE/ALE via receptor[57]
mediated endocytosis
and these harmful metabolic
products are subsequently degraded by detoxifying
[58]
enzymes .
NAFLD is strongly associated with obesity and meta
flammation, but the complex molecular mechanisms
mediating development of liver steatosis and its
progression to steatohepatitis and liver fibrosis
are incompletely defined. The role of Gal-3 in the
regulation of obesity-associated NASH has not
been investigated. Therefore, we subjected wildtype (WT) and Gal-3 knockout mice on the C57Bl/6
background to obesogenic HFD (60% kcal from fat)
for 24 wk and performed metabolic, histological,
immunophenotypical and gene expression analyses
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specific commensals in the disease pathogenesis
[60]
under different experimental conditions . Given the
important involvement of the microflora in a variety of
pathologies, including those of metabolic origin, a better
understanding of the cross-talk between Gal-3 and
commensal bacteria is necessary to clarify these issues.
Future studies will help to elucidate the role of
Gal-3 in other metabolic tissues in the course of dietinduced obesity or aging. In particular, clarifying
the mechanisms for the protective role of Gal-3 in
pancreatic islets in the course of obesity would be
of great importance. Obesity, diabetes, NASH and
heart failure, and other diseases associated with
inflammation in humans, are conditions that warrant
better understanding of the role of Gal-3, especially in
the light of current development of pharmacological
inhibitors of Gal-3 for treatment of cancer and fibrosis.

knockout mice compared to WT controls. The HFD-fed
ST2-knockout mice had less collagen deposition in the
+
low
livers and lower numbers of profibrotic CD11b Ly6C
monocytes and Th17 cells in the liver, lower hepatic
procollagen-α1, IL-33 and IL-13 mRNA expression,
and lower serum levels of IL-33 and IL-13 compared
with the diet-matched WT mice. Our findings suggest
that the IL-33/ST2 axis has a complex role in obesityassociated metabolic disorders, as this pathway has a
protective role in HFD-induced adiposity, but enhances
liver steatosis, inflammation and fibrosis in NASH
[65]
(Table 1). A very recent study
suggests that IL-33
treatment in HFD or methionine-choline-deficient diet
(MCD)-fed C57Bl/6 mice attenuated hepatic steatosis,
but aggravated hepatic fibrosis in a ST2-dependent
manner. The reported effects of IL-33 on liver fibrosis
are consistent with our data and the differential result
regarding liver steatosis may be due to the genetic
background of mice (i.e. BALB/c mice used in our
experiments). Similar to our findings, the authors
reported that the progression of NASH was associated
with the increased mRNA expression level of IL-33 and
[65]
ST2 in liver .
The significance of sST2 as a biomarker of liver
fibrosis has been studied. The reported data de
monstrate that the serum levels of sST2 were higher
in patients with liver cirrhosis and hepatocellular
carcinoma. These data suggest an important role of
sST2 in the pathogenesis of hepatocellular carcinoma
and liver cirrhosis as a possible marker of systemic
inflammation. Further research is needed to evaluate
the potential of sST2 as a prognostic marker in
[66]
patients with liver fibrosis .
A recent study showed strong correlation between
serum sST2 levels and fibrosis stages in patients
with hepatitis B infection. It is suggested that serum
levels of sST2 levels may be a reliable biomarker for
evaluating the response to therapy for liver diseases
[67]
causing fibrosis, including NAFLD .

IL-33/ST2 AXIS IN HFD-INDUCED
STEATOHEPATITIS
The hallmarks of diet-induced steatohepatitis are the
presence of liver steatosis, chronic inflammation in the
liver and, under some circumstances, progression to
liver fibrosis. Accumulated lipids in hepatocytes may
promote the inflammatory response characterized by
the increased infiltration of myeloid and lymphoid cells
within the liver, activation of resident Kupffer cells and
the secretion of pro-inflammatory cytokines, including
IL-1β, TNF-α and IL-6. Moreover, the most recent
finding shows that IL-1 signaling promotes hepatic
[61]
lipogenesis . The role of other members of the IL-1
superfamily, including the IL-1 receptor antagonist,
IL-18 and IL-33, together with IL-1 in obesity-associated
liver pathology are incompletely defined.
IL-33 is a pleiotropic cytokine that binds to its plasma
membrane receptor complex, comprising ST2 and the
IL-1R accessory protein, and generally promotes Th2[62]
type immune responses . IL-33 exerts protective
[17,63]
metabolic effects in obesity and atherosclerosis
.
However, IL-33 promotes liver fibrosis through the
activation and expansion of liver-resident innate
[64]
lymphoid cells, which produce profibrotic IL-13 . The
role of the IL-33/ST2 axis in obesity-associated liver
pathology is not elucidated. We investigated the role
of IL-33/ST2 signaling in the development of hepatic
steatosis, inflammation and fibrosis using ST2-deficient
mice on the BALB/c background which were placed
on a long-term obesogenic HFD or high-fat highfructose diet. The HFD-fed ST2-deficient mice exhibited
increased weight gain and visceral adiposity compared
with diet-matched WT mice. However, ST2 deletion
markedly reduced hepatic steatosis, liver inflammation
and fibrosis which was associated with lower expression
of genes related to lipid metabolism in the liver. Innate
+
immune cells, including CD68 macrophages and
+
CD11c DCs, were less numerous in HFD-fed ST2-
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GAL-3 AND IL-33/ST2 AXIS
INTERACTION IN HUMAN PATHOLOGY
Gal-3 and the IL-33/ST2 axis are involved in my
ocardial remodeling. Gal-3 and sST2 are approved
prognostic biomarkers that are involved in myocardial
fibrosis and inflammation. Soluble Gal-3 is released
by activated cardiac macrophages and stimulates
proliferation of myofibroblasts and procollagen de
position. Higher concentrations of plasma Gal-3 are
associated with myocardial remodeling, along with an
[68]
increased risk of incident heart failure and mortality .
ST2 exists in two forms, a transmembrane receptor
(ST2L) as well as a soluble decoy receptor (sST2).
Through interaction between IL-33 and ST2L, myo
cardial fibrosis and hypertrophy are prevented. The
sST2 acts as a decoy receptor that neutralizes IL-33,
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so that the cardioprotective role of the IL-33/ST2L
signaling pathway is lost, resulting in cardiomyocyte
hypertrophy, apoptosis and fibrosis. Therefore, serum
levels of sST2 are strongly predictive of adverse
outcomes in patients with acute myocardial infarction
or heart failure and significantly predict left ventricle
remodeling. Thus, both sST2 and Gal-3 are reflective
of fibrosis and cardiac remodeling, key events in heart
[69]
failure .
Gal-3 and sST2 are promising biomarkers with
additive diagnostic and prognostic value in the mana
gement of heart failure. Increased levels of Gal-3
indicate on-going fibrosis and reflect higher risk of
heart failure, its severity and poor prognosis. The
levels of sST2 are associated with the remodeling of
left ventricle with significant prognostic value in heart
failure. The head-to-head comparison of these two
biomarkers in a large cohort of patients with a longterm follow-up revealed that sST2 is more important
addition to established risk factors, so incorporation of
the measurement of serum levels of sST2 into clinical
[69]
practice is recommended . Recently, serial testing for
sST2 was shown to increase the prognostic information
related to prediction of left ventricular remodeling and
[70]
worsening of heart failure .

profibrotic genes and enhance fibrosis. Most recent
data demonstrate a profibrotic role of IL-33 in a liver
fibrosis model through ST2-dependent production
of IL-13 by innate lymphoid cells (ILCs) that acti
[64]
vate HSCs . In our studies, we have addressed the
issue of a possible regulatory role of Gal-3 in the
newly described IL-33/ST2/IL-13 profibrotic pathway.
Our recent data show that, in contrast to the Gal-3
knockout mice, HFD-fed WT C57Bl/6 mice had a
higher number of hepatocytes that strongly expressed
+
IL-33 and hepatic IL-13-expressing CD11b myeloid
cells, increased hepatic levels of IL-33 and IL-13
and increased mRNA expression of IL-33, ST2 and
[53]
IL-13 in liver . Moreover, IL-33 failed to induce ST2
upregulation and IL-13 production by Gal-3-deficient
peritoneal macrophages in vitro. Similarly, exogenous
IL-33 enhanced liver fibrosis in HFD-fed mice in both
genotypes, albeit to a significantly lower extent in the
Gal-3 knockout mice. This was associated with less
+
numerous hepatic IL-13-expressing CD11b cells.
Whether Gal-3 is directly involved in the regulation
of TLR4 and IL-13 mRNA expression remains to be
[53,56]
elucidated. We and others
have shown that HFD
increased TLR4 mRNA expression in livers of C57Bl/6
mice, which was markedly reduced in Gal-3-deficient
[53]
mice . A recent study also demonstrated that Gal-3
can be actively released by activated microglial cells
and can bind directly to TLR4, thereby amplifying the
typical TLR4-dependent proinflammatory response,
[75]
including caspase-mediated inflammation .
IL-13 is produced by T lymphocytes, macrophages/
DCs, mast cells and basophils and is induced by
IL-33. The molecular mechanisms involved in Gal3-dependent regulation of IL-13 mRNA expression
are not known. We have shown that lower level of
IL-13 mRNA in livers of HFD-fed Gal-3 knockout mice
could be related to decreased hepatic IL-33 levels
in these animals and the inability of Gal-3-deficient
macrophages to respond to IL-33, which resulted in
+
reduced percentages of CD11b myeloid cells that
[53]
expressed ST2 and IL-13 in livers .
The interaction of Gal-3 and the IL-33/ST2 pathway
in diet-induced steatohepatitis is shown in Figure 3.
These results provide evidence of a novel role for Gal-3
in regulating IL-33-dependent HFD-induced fibrotic
[53]
NASH . Thus, Gal-3 plays an important regulatory
role in the newly described profibrotic IL-33/ST2/IL-13
pathway.
Further studies are necessary to clarify functions
of intra and extracellular Gal-3 in liver fibrosis and indepth research of the role of Gal-3 in IL-33 signaling
is needed. A better understanding of the mechanisms
regulating tissue fibrosis and targeted strategies
to inhibit Gal-3 in the liver provide the rationale for
the development of new therapeutic approaches for

GAL-3 AND IL-33/ST2 AXIS
INTERACTION IN NASH
In contrast to the opposite roles of Gal-3 and the
IL-33/ST2 axis in myocardial remodeling, both Gal-3
and IL-33 exert profibrotic effects in liver fibrosis.
Recently, evidence has demonstrated that Gal-3 is an
important mediator in liver fibrotic models and that
[71,72]
Gal-3 inhibitors protect against fibrotic disorders
.
Tissue fibrogenesis is a complex process and newer
data has pointed to the important cross-talk between
cells of the immune system and tissue myofibroblasts
in the evolution of liver fibrosis. Gal-3 is a molecule
which can exert potent effects on multiple cell types,
including myofibroblasts, and by altering the function
[73]
of innate immune cells, such as macrophages . In
the CCl4-induced model of liver fibrosis, Gal-3 ablation
blocked HSC activation and collagen expression, as
TGF-β failed to transactivate Gal-3-deficient HSCs,
in contrast to the WT HSCs, suggesting that Gal-3 is
required for TGF-β-mediated myofibroblast activation
and ECM production. Gal-3 deletion reduced retention
of TGF-β receptors at the cell surface and reduced
phosphorylation and nuclear translocation of β-catenin,
[59]
but had no effect on Smad2/3 phosphorylation .
Gal-3 represents a molecule that links macrophages,
fibroblasts and the profibrotic response. Gal-3 mediates
[74]
IL-4-induced alternative macrophage activation
and IL-4/IL-13 activated macrophages upregulate
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Figure 3 Galectin-3 and IL-33/ST2 axis interaction in diet-induced steatohepatitis. Administration of IL-33 in vivo enhanced high-fat diet-induced liver fibrosis in
both genotypes of mice, although to a markedly lower extent in the galectin-3 knockout mice, which was accompanied by less numerous ST2-positive myeloid cells
that express IL-13. Galectin-3 plays an important regulatory role in the newly described profibrotic IL-33/ST2/IL-13 pathway in hepatic fibrosis.
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patients with liver fibrosis.
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Abstract
Helicobacter pylori (H. pylori ) is a kind of chronic
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infectious pathogen which can cause chronic gastritis,
peptic ulcer, gastric cancer and other diseases. The
genetic structure of the pathogenic genes of H. pylori
varies largely, which contributes to the differences
in virulence among various strains, and in clinical
symptoms. Virulence genes of H. pylori can be cate
gorized into three main classes: those related to
adhesion and colonization, those related to gastric
mucosal injury, and others. This review focuses on
the relationship between genetic polymorphisms of
the three classes of virulence genes of H. pylori and
diseases. Most of the genetic polymorphisms of the
main virulence factors of H. pylori are summarized in
this paper.
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Core tip: Helicobacter pylori (H. pylori ) is the causative
agent of gastrointestinal diseases such as atrophic
gastritis and peptic ulcers. Manifestations associated
with chronic H. pylori infection vary considerably among
distinct geographic regions and these differences have
been attributed at least in part to polymorphisms of
H. pylori genes, particularly those encoding virulence
factors. There are several reviews for polymorphisms
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of H. pylori genes. However, this is the first review to
report the relationship between genetic polymorphisms
and diseases. Virulence genes of H. pylori can be
categorized into three main classes. This helps to
understand the gene polymorphisms of pathogenic
H. pylori in patients with different types of gastroin
testinal diseases.

representing 91% of chromosome DNA; in the noncoding region, gene internal sequences, non-coding
repeats and stable RNA are included, which account
for 6%, 2.3% and 0.7%, respectively. Of note, there
are 499 unique nucleotides with high specificity in
[6]
coding sequence . In 2000 chip technology was used
to detect 1643 genes of all the 15 strains of H. pylori in
Stanford University for the first time, and it was found
that conservative 1281 genes constitute the core part
of the functional sequences, meaning that 12%-18%
of genes are unique. H. pylori has been confirmed to
be highly variable, which is one of its most important
characteristics. High frequency mutations exist in
nucleotide repeat sequences contained in multiple
genes of the H. pylori genome. Nucleotide slippage of
DNA template during replication promoted by H. pylori
leads to open reading frame shift. By doing this genes
can be switched between the modes of on and off
easily.
H. pylori genome owns four unique characteristics
[7]
in its spatial structure . The first one is that about 1%
of the genome encode a family consisting of 32 outer
membrane proteins. Some members of this family,
labeled as cell outer membrane pore proteins, probably
are related to antibiotic sensitivity, which can result in
multiple drug resistance of H. pylori, and development
of chronic atrophic gastritis and other gastrointestinal
diseases hard to cure. The second one is that more
than 20 homologues contained in H. pylori genome
are associated with DNA restriction and modification
including type Ⅰ, type Ⅱ, type Ⅲ systems which are
different among various species. That homologues may
be involved in intra or extracellular DNA degradation,
or in DNA recombination activation. The third one is
that 46%-48% of specific H. pylori sequences were
identified to be plastic. Many of the known plastic genes
are not related to pathogenicity, but rather homologous
with the restriction modified enzyme. The final one is
that H. pylori gene production is associated with the
biosynthesis of lipopolysaccharide and the system of
DNA restriction modification. Meanwhile high frequency
of homologous gene multimers and dinucleotide repeats
can be found in cell surface associated proteins and
enzymes.
In addition, H. pylori also shows polymorphisms
during the genetic evolution. H. pylori genome adjusted
itself to adapt to the environment under generation.
Representing the adaptation to the host, polymorphisms
of H. pylori were generated via a variety of common
mechanisms, the most prominent of which is mutation
and recombination. Besides, individuals from different
subsets can also be storage hosts for each other,
exchanging genes that are missing.
In summary, spatio-temporal distribution of H. pylori
polymorphisms varies significantly. The variability
not only lies in different strains but also can be de
tected in the same infected individual. Although high
polymorphisms of H. pylori have been confirmed, the
mechanism for high rate of H. pylori infection but low
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INTRODUCTION
As one of the most common pathogens, Helicobacter
pylori (H. pylori) is a Gram negative microaerophilic
bacterium which is closely related to chronic gastritis,
peptic ulcer disease, gastric cancer and mucosa
[1]
associated lymphoid tissue lymphoma . Even to the
cases of non-gastrointestinal diseases, such as chronic
cardiovascular disease, liver and biliary tract diseases
and colorectal cancer, H. pylori also has a synergistic
[2]
contribution . In 1994 H. pylori was labeled as one
of the first class cancer causing factors by the Interna
[3]
tional Institute for Cancer Research . Over half of the
world’s population are infected with H. pylori during
their lifetime. With a small part of infected patients
developing digestive diseases, gastric cancer, liver
cancer and other tumors in severe cases, most of them
[4,5]
have no dominant symptoms of infection . The reason
for high rate of H. pylori infection but low incidence or
different severity of the disease happening is due to the
genetic polymorphisms of H. pylori. The polymorphisms
make the differences in virulence and pathogenicity of
H. pylori, which lead to different clinical manifestations
after H. pylori infection. The attention paid to the
research about gene polymorphisms and pathogenicity
of H. pylori is getting high. Pathogenicity of H. pylori
related genes including vacuolating cytotoxin (vacA)
and cytotoxin associated protein (CagA) has been well
studied. Meanwhile some new pathogenic genes like
homA and homB have also been identified. In this
paper the study of gene polymorphisms of pathogenic
H. pylori is summarized, aiming to provide sugges
tions for the research on the genetic polymorphisms of
H. pylori in the future.

GENETIC POLYMORPHISMS OF
H. PYLORI
The whole genome of H. pylori 26695 strain was
sequenced in the early 1997. It was showed that
there exist 1590 encoding sequences in the strain,

WJG|www.wjgnet.com

9719

November 28, 2016|Volume 22|Issue 44|

Chen YL et al . Gene polymorphism of H. pylori
Flagellum
Adhere to colonize the relevant genes

Streptozotocin
Adhesin

Vaculating cytotoxin A (VacA)
Hp strains of
pathogenic
factors

The damage of gastric mucosa associated genes

Cytotoxin associating gene protein (CagA)
Lipopolysaccharide (LPS)

Outer innammatory protein (OipA)
Duodenal ulcer promoting gene (dupA)
Other disease genes
Induced by contact with epithelium gene A (iceA)
Tip-α

Figure 1 Pathogenic factors of Helicobacter pylori strains.

incidence of disease is still not well understood.

Blood-group antigen binding adhesion (BabA),
encoded by BabA, can bind to fucosylated blood group
[12]
antigen of Lewis B (Leb) or ABO (Figure 3) . Infla
mmatory response caused by BabA positive H. pylori
strains is severe. However, Leb is not expressed in all of
huamn gastric mucosal cells. In case of Leb deficiency,
the interaction between BabA and Leb does not account
for the adhesion of H. pylori. BabA has three genotypes:
babA1, babA2 and babB. The former two are highly
homologous. Compared to babA1, an additional 10 bp
sequence is inserted into the signal peptide of BabA2,
forming the transcription initiation codon. Only the
genotype of babA2 has function. On the contrary, babA1
loses function due to the incomplete signal peptide.
babA1 deficiency has no effect on the binding between
H. pylori and Leb. Thus it is the active BabA encoded by
babA2 that strengthens inflammation response of the
stomach, and induces duodenal ulcer or gastric cancer.
H. pylori outer membrane protein AlpB, is involved
in H. pylori adhesion, especially in the first step for
H. pylori colonization. In the stomach, H. pylori adhere
to host cells, inducing cytokines to cause mucosal
injury. Polymorphisms of AlpB exist not only in the
adaptive strains, but also in the strains colonizing in
the human body. Presumably, AlpB varied to adapt
to specific microenvironment of the stomach, which
makes the polymorphisms of this domain.
Encoded by sabA, sialic acid binding adhesin A
(SabA) is very important in the outer membrane
protein family of H. pylori. SabA can recognize X Lewis
(LeX), an antigen of the human gastric epithelial
cell surface. SabA does not correlate with anti-LeX
[13]
antibodies in human . With polymorphisms, SabA
is expressed selectively during H. pylori replication to

POLYMORPHISMS OF H. PYLORI
VIRULENCE GENES
Pathogenic factors of H. pylori strains are categorized
into three main classes: those related to adhesion and
colonization, those related to gastric mucosal injury,
and others. Specific pathogenic factors in the three
classes are charted (Figure 1).

Genes related to H. pylori colonization

As a dynamic organ the flagellum is one of the most
important virulence factors for colonization and patho
genicity of H. pylori. According to the report about the
complete gene sequence of H. pylori 26695, more
than 50 genes have been shown to play an important
role in the biosynthesis, regulation and assembly of
H. pylori flagella. Genes encoding H. pylori flagella
mainly consist of flaA, flaB, flgE, fliD, flhA, FlbA, and
[8]
flgK . Flagellar filament of H. pylori is composed
of multimeric flagellar structural proteins encoded
by flaA and flaB. With 1533 gene sequences, flaA is
[9]
transcriptionally regulated by the σ28 promoter .
The protein product of flaA contains 510 amino acids.
Nucleotide sequence is highly conserved in the 1545
bp of flaB, the gene expression of which is controlled
[10]
by the σ54 promoter . And flaB encodes a peptide
of 541 amino acids, 53.9ku. However, the restriction
fragment length polymorphism analysis showed that
a large number of gene mutations exist in flaA or flab
[11]
(Figure 2) . The diversity of flaA or flaB leads to the
reevaluation on the sequence polymorphisms of H. pylori
strains.
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flaB, topA, gyrA, gyrB, and flaR transcript abundance by RT-PCR for wild-type flaA promoter (13n), 11n 12n, 14n, and 15n spacer mutants, grown with and without
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Genes related to gastric mucosal injury

[14]

adapt to the host and avoid immune attack . When
its level is high, saliva LeX correlates with H. pylori
[15]
colonization in the stomach . The frame shift of the
CT repeat in the 5’ upstream region makes phase
mutation of SabA (variation phase) to regulate its
expression.
β3N-acetylglucosamine T5 (β3GnT5), a kind of the
transferase of N-acetylglucosamine (GlcNAc), is the
key for the Lewis antigen synthesis. Synergy between
β3GnT5 and cagPAI leads to an elevation of the
adhesion ability of H. pylori. CagA and CagE in both
β3GnT5 and cagPAI positive H. pylori strains stimulate
β3GnT5 and Lewis antigen and result in strong
[16]
colonization of SabA in epithelial cells .

WJG|www.wjgnet.com

VacA is one of the most important virulence factors
in the pathogenesis of H. pylori. VacA exists in all of
the H. pylori, but its virulence region is not expressed
in all individuals. Western blot analysis with VacA
antibody showed that virulence of VacA depends
on the middle region (M) and signal area (S) of its
structure. VacA with virulence mainly interferes
phenotype and structure of epithelial cells, inducing
cellular barrier dysfunction, inflammation changes,
[17,18]
and vacuolization
. Binding to cell surface specific
receptors, VacA enters cells by endocytosis, then
affects cellular membrane transport, results in swelling,
[19]
vacuolization, and apoptosis in the end . In 2007, the
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Figure 4 Model for the role of Helicobacter pylori T4SS effector proteins in host cell interaction and disease-associated signal transduction.
[20]

third region with polymorphism was found in vacA ,
named intermediate region (i), which is between the
area of S and M. vacA is divided into two subtypes of i1
and i2 by the difference of I region (Figure 2). Genetic
linkage exists between i region and s or m area. The
s1/m1 or s2/m2 displays the genotype of i1 and i2,
respectively, while the s1/m2 displays genotype of i1
or i2. The relationship between i genotype and disease
[21,22]
is region dependent
. Both the S1 and S2 are not
pathogenic. Virulence of the M1 is stronger than that of
the M2 under the same condition. The i1 has virulence,
but the i2 is of weak virulence or avirulence.
Another virulent factor of H. pylori is cagA. When
cagA is transported into the epithelial cells of host
gastric mucosa by type IV secretion system encoded
by CagPAI, a tyrosine residue on it becomes pho
sphorylated. Interacting with a variety of proteins of
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the host cells, CagA amplifies, causing a change in the
[23,24]
morphology of gastric epithelial cells (Figure 4)
. In
recent years, polymorphisms of cagA was revealed to
encode four proteins like A, B, C, and D, which play a
key role in cytoskeletal rearrangement, infiltration and
cell proliferation.
Gene cluster of cytotoxin associated gene patho
genicity island (cagPAI), is a kind of typical structure
in the bacterial chromosome mainly encoding bacterial
virulence related structure proteins and metabolic
products. With a length of 37 kb, cagPAI consists of
about 30 genes, and is one of the main hypervariable
[25]
regions of the genome (Figure 5) .
cagPAI encodes type Ⅳ secretion system (TFSS)
of H. pylori. With a piliform appearance, TFSS is a
macromolecule across both inner and outer mem
branes of H. pylori, forming a transmembrane channel.
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Figure 5 Eight variable regions in cagPAI sequences of Chinese Helicobacter pylori strains.

Pathogenic H. pylori can be transported into host cells
through the channel, causing cellular lesions, inducing
cytokines such as interleukin 8 (IL-8), and promoting
[26]
inflammation . In the West cagpaI and cagA are
used to evaluate the virulence of H. pylori. But in
Southeast Asia 90% of the people are both cagpaI
and CagA positive with different clinical symptoms.
The relationship between cagpai high variability and
disease was studied (Figure 5). The result showed
that most of cagpaI sequences in H. pylori strains
worldwide are conservative. With few large fragment
deletions, only a few genes of cagPAI are diverse, and
[27]
even variations are meaningless to its virulence .
Hom A and Hom B are newly discovered to be
closely associated with gastric cancer development.
Like genes encoding the outer membrane proteins of
H. pylori, both Hom A and Hom B are present with
allelic variations, but they are different in the very
important intermediate region of 300 bp. The highly
polymorphic region of HomB is located from 750 bp to
1050 bp, while in homA it is in the area from 720 bp
[27]
to 980 bp . In addition, variability of HomB allele is
higher than that of HomA. The sequence analysis of
the nucleotides and amino acids showed copy number
and site polymorphisms in Hom A and Hom B, which
affected their function. Besides, recombination in Hom
A and Hom B regulated DNA replication or HomA/
[28-30]
HomB conversion
. Hom A and Hom B consist of
six allelic variants from AI to AVI. Among them, AI
[27]
and AII are the main . As new virulence factors of
H. pylori, HomB can be used to distinguish strains from
[31,32]
duodenal ulcer and gastric cancer
. HomB is closely
related to the severity of inflammation or atrophy of
[32,33]
[34]
the gastric mucosa
. Analysis
of 289 strains of
H. pylori from the United States and Columbia showed
that 71.9% of the strains in gastric cancer was HomB
positive, which was significantly higher than that in
strains from duodenal ulcer (52.1%). The expression
of cagA, HomA and HomB in 138 strains of H. pylori
[35]
from Iran was studied . It was found that 78% of
the strains in gastric cancer were HomB positive,
which was significantly higher than that in peptic ulcer
(20%) or gastritis (43%). The positive rates of cagA in
strains in gastric cancer, peptic ulcer or gastritis were
68.3% 54.8%, and 51.4%, respectively, without a
significant difference. The above results suggested that
compared to cagA, HomB is more likely to be a marker
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for distinguishing gastric cancer and duodenal ulcer.
[36,37]
However, it is controversial
.

Other pathogenic genes

As one of the 32 outer membrane proteins, pro-infla
mmatory outer membrane protein A (OipA) is closely
related to the clinical symptoms of H. pylori infection,
bacterial colonization density, and severe neutrophil
infiltration development. OipA can induce the activation
of adhesion kinase center and promote cytoskeletal
[38]
rearrangement . The expression of OipA is regulated
by the “slip chain mismatch” mode which involves
frame shift of “CT” repeat in the signal region of OipA.
OipA overexpression in cagPAl deleted strains induced
IL-8 in gastric mucosal epithelial cells three times
higher than that in stains deficient of both. Expression
of OipA makes it functional and is related to the clinical
symptoms and the severity of the disease.
Duodenal ulcer promoting gene (dupA) is a kind
of factor encoding type Ⅳ secretion system, and
it is located in the plastic zone of H. pylori gene.
Homogenous to virB4, dupA owns two open reading
[39]
frames of jHp918 and jHp917 . dupA in H. pylori
exposes the infected patients especially from East
Asia to duodenal ulcer with a high rate, but to atrophic
gastritis and gastric cancer with a low rate. It was
showed that related to IL-8 up-regulation in the gastric
mucosa, dupA can promote duodenal bulb ulcer in H.
pylori infected patients, and suppress atrophic gastritis
and gastric cancer, which is obvious in strains from
both Asian and Western populations.
After CagA and VagA, mucosal contact inducible
factor (iceA) was revealed as a new pathogenic factor
in recent years. Located in the region between the
conserved cysE and HpyIM of H. pylori, iceA1 was
found to consist of two subtypes of iceA1 and iceA2 by
multi strain sequence analysis. The correlation between
iceA gene and gastric mucosal lesions has been
[40-44]
studied
. By meta-analysis and statistical analysis,
iceA1 gene was found to mainly exist in duodenal ulcer
patients. There is no significant correlation between
the distribution of iceA2 and peptic ulcer disease. It
appears that two subtypes of iceA correlated differently
[45]
with peptic ulcer disease . It was recently found
that the ratios of the iceA subtypes in disease are not
the same in different countries or regions. Successful
overexpression of the two indicated that positivity for
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Table 1 The relationship between gastrointestinal diseases and Helicobacter pylori virulence factors
VacA

IceA

HomA

HomB

DuPA

VacAS2

VacAS1

VacM2

VacM1

Vaci2

Vaci1

CagA

IceA1

IceA2

OiPA

+
+
+
+

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

++
++
+
++

+
+
-

++++
++
+
+

+++
++
+
+

++
+
+
++

+
+
+

++++
++
+++

++++
++
+
++

++
+
+
+

+
+
+
+

++
++
++++

Chronic gastritis
Dudenal ulcer
Gastric ulcer
Gastric cancer

+: Incidence of disease, 0-20%; ++, 20%-40%; +++, 40%-60%; ++++, 60%-80%; +++++, 80%-100%.

both genotypes of iceA1 and iceA2 may be a marker
of H. pylori induced acute inflammatory response in
[46-48]
the gastric mucosa
. The purified protein can also
be used for the auxiliary diagnosis of related clinical
diseases.
Tumor necrosis factor α induced protein (Tip-α)
is a newly found soluble toxin, encoded by the open
reading frame of 0596 gene in H. pylori. With a length
of 519 bp, Tip-α encodes a peptide of 173 amino
[49]
acids . Dimer through a pair of disulfide bonds
(Cys25-Cys25 and Cys27-Cys27) in the N terminus is
the active form of Tip-α which can greatly induce IL-1b,
IL-8, and TNF-α, mediated by NF-κB, to promote the
inflammatory response of the host and the occurrence
and development of the tumor together with a series
[50]
of gastrointestinal diseases .

related to the virulence, the amount of pathogenic
bacteria, and the immunity of oneself. The polymor
phisms of pathogenic genes make the differences in
the virulence of various strains, which closely correlates
with the outcome of clinical infection with no clinical
symptoms, ulcers, inflammation and even tumors
following, and non-gastrointestinal system disease as
the result. With the development of molecular biology
and proteomic technology, some new pathogenic
factors of H. pylori have been found, resulting in the
amplified mechanism underlying the pathogenesis.
However, pathogenic analysis of H. pylori is very
difficult due to the presence of unknown pathogenic
genes, involvement of multiple factors in diseases
induced by H. pylori infection, and the combination
of many types of strains in the same patient. Thus
further study on the relationship between genetic
polymorphisms of H. pylori and its associated clinical
diseases should be conducted to fully illustrate the
pathogenicity of H. pylori.

RELATIONSHIP BETWEEN
H. PYLORI PATHOGENIC GENES AND
GASTROINTESTINAL DISEASES
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AIM
To explore the influence of Infliximab (IFX) on cancer
progression in a murine model of colonic cancer
associated to chronic colitis.
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METHODS
AOM/DSS model was induced in C57BL/6 mice. Mice
were injected with IFX (5 mg/kg) during each DSS
cycle while control mice received saline. Body weight,
occult blood test and stool consistency were measured
to calculate the disease activity index (DAI). Mice
were sacrificed at week 10 and colons were analyzed
macroscopically and microscopically for number of
cancers and degree of inflammation. MTT assay was
performed on CT26 to evaluate the potential IFX role
on metabolic activity and proliferation. Cells were
incubated with TNF-α or IFX or TNF-α plus IFX, and
cell vitality was evaluated after 6, 24 and 48 h. The
same setting was used after pre-incubation with TNF-α
for 24 h.

Sgambato A, Gasbarrini A, Scaldaferri F. Infliximab does not
increase colonic cancer risk associated to murine chronic colitis.
World J Gastroenterol 2016; 22(44): 9727-9733 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i44/9727.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i44.9727

INTRODUCTION
Inflammatory bowel disease (IBD), such as Crohn’s
disease (CD) and ulcerative colitis (UC), is a chronic,
relapsing inflammatory disorder of the digestive tract
resulting from a loss of homeostasis between the
intestinal immune system and the gut microbiota in
[1]
genetically-predisposed individuals . Inappropriate
mucosal immune responses, due to disruption of the
epithelial barrier separating microorganisms from
underlying tissues and/or dysregulated tolerance
to the intestinal microbiota, likely contribute to the
[2-5]
development and perpetuation of IBD
. In this
scenario, long history of colonic IBD is associated with
[6]
colonic cancer progression .
Colorectal cancer (CRC) is an important worldwide
medical problem as it is the third most commonly
diagnosed serious form of cancer in men and in women
and represents the third leading cause of cancer death
for men and for women and the second leading cause
[7]
of cancer mortality overall . Sporadic cases are the
most frequent. UC patients have a 20-fold higher
risk to develop CRC compared to general population.
This risk is higher especially in pancolitis: 30% of
patients with pancolitis develop CRC after 30 years of
[7,8]
disease . In addition, UC patients with CRC have an
overall poor prognosis and limited therapeutic options
are available. Mechanistically, CRC in chronic colitis
has a different pathogenesis compared to sporadic or
[6]
familial cancer . Experimental observations provide
full support for the role of inflammation in IBDrelated colorectal carcinogenesis. The administration
of agents that cause colitis in healthy or genetically
modified rodents accelerates the development of
[9]
CRC . Mice genetically predisposed to develop
IBD also develop CRC, especially in the presence of
[10]
microbial colonization . Although there is little doubt
that chronic inflammation promotes colon cancer, the
mechanisms involved are unclear. Tumor Necrosis
Factor (TNF)-α and other cytokines involved in the
development of chronic gastric inflammatory conditions
play a key role in triggering early epithelial alterations
observed in intestinal metaplasia and in promoting
[11,12]
the progression to epithelial dysplasia
. Moreover,
proinflammatory mediators represent critical factors in
promoting the growth of neoplastic lesions, inducing
[12,13]
epithelial cell proliferation and neoangiogenesis
.
In this setting, anti-TNF-α drugs, such as Infliximab
(IFX), represent a crucial therapeutic tool for modulating
[14]
the immune response and the clinical course in IBD .

RESULTS
IFX significantly reduced DAI and body weight loss
in mice compared with controls, preserving also
colon length at sacrifice. Histological score was also
reduced in treated mice. At macroscopic analysis,
IFX treated mice showed a lower number of tumor
lesions compared to controls. This was confirmed at
microscopic analysis, although differences were not
statistically significant. In vitro , IFX treated CT26
maintained similar proliferation ability at MTT test, both
when exposed to IFX alone and when associated to
TNF-α.
CONCLUSION
IFX did not increase colonic cancer risk in AOM-DSS
model of cancer on chronic colitis nor influence directly
the proliferation of murine colon cancer epithelial cells.
Key words: Inflammatory bowel disease; Ulcerative
colitis; Colorectal cancer; Infliximab; AOM-DSS model;
Cancer on chronic colitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report our results on the potential role of
Infliximab on cancer progression in AOM-DSS murine
model of colorectal cancer associated to chronic colitis.
AOM/DSS model was induced in C57BL/6 mice. Mice
were injected with Infliximab during each DSS cycle
while control mice received saline. Mice were sacrificed
at week 10 and colons were analyzed macroscopically
and microscopically for number of cancers and degree
of inflammation. MTT assay was performed on CT26
to evaluate the potential influence of Infliximab (IFX)
role on metabolic activity and proliferation. This study
demonstrates that beside its well-known healing
capacity, IFX does not increase proliferative cancer cells
ability and colorectal cancer risk in AOM-DSS model of
tumor on chronic colitis.
Lopetuso LR, Petito V, Zinicola T, Graziani C, Gerardi V, Arena
V, Caristo ME, Poscia A, Cammarota G, Papa A, Cufino V,
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IFX is a monoclonal chimeric antibody. Its clinical
efficacy and ability to provide mucosal healing in CD as
[14]
well as in UC are well demonstrated . However, there
are concerns regarding the impact of TNF-α blockade
on the incidence of malignancy. In particular, while the
curative role of IFX on chronic intestinal inflammation is
supposed to reduce CRC risk, a secondary neoplasm is
one of the most feared sequelae of the immune system
[15,16]
manipulation in general
.
The combination of Azoxymethane (AOM) with
exposure to dextran sodium sulphate (DSS) in mice is
a well-known CRC model for studying the progression
of CRC on chronic colitis and related mechanisms of
action. In the present study, we explored the influence
of IFX on cancer progression in AOM-DSS murine
model of CRC cancer associated to chronic colitis. We
showed that IFX significantly reduced disease activity
index and body weight loss, preserving colon length
at sacrifice. Histological analysis revealed an improved
mucosal healing in IFX treated mice. At macroscopic
analysis, IFX administration leaded to a lower number
of tumor lesions compared with controls, confirmed
at microscopic analysis, although differences were not
statistically significant. In vitro, IFX did not modify the
proliferation ability of a murine colon tumor cell line,
confirming the in vivo data. Taken together, our data
suggest that beside its well-known healing capacity,
IFX does not increase proliferative cancer cells ability
and CRC risk in AOM-DSS model of tumor on chronic
colitis.

by measuring weight, fecal consistence and fecal occult
[19,20]
blood, as suggested
. Disease Activity Index (DAI)
[19,20]
was calculated as reported
. Mice were sacrificed
after three weeks from last DSS cycle. Each experiment
was performed using a total number of 10 mice.

Macroscopical and microscopical tissue evaluation

At sacrifice, ulcerated and polypoid tumors were
counted, photographed and marked for further analysis
along with the histologic evaluation. Tumor incidence
was expressed as percentage. Colon and final ileum
were then fixed in formalin and then embedded in
paraffin.
Intestinal inflammation and proliferative alterations,
such as hyperplasia, aberrant crypt foci (ACF), gastro
intestinal intraepithelial neoplasia (GIN), low grade
dysplasia adenoma LGA, high grade dysplasia adenoma
(HGA) and adenocarcinoma were evaluated by a single
trained gastrointestinal pathologist in a blinded fashion,
using a validated semiquantitative scoring system as
[18,19,21]
described
.

MTT test and evaluation of IFX on colonic cancer cell
line

In order to examine the direct effects of IFX on in
testinal epithelial cells proliferation and vitality, the
3-(4,5-Dimethylthiazol-2Y)-2,5Diphenyltetrazolium
Bromide (MTT) test was performed on CT26 (ATCC,
Teddington, United Kingdom), a murine colon cancer
intestinal epithelial cell line, according to manufac
turer’s instructions. Briefly, MTT, a salt of tetrazolium,
is transformed to insoluble crystals by the succinatetetrazolium reductase, active only in vital cells. Crystals
amount is directly proportional to the number of
metabolically active cells and was measured by
spectrometry at 540 nm wave length (reference wave
length = 630 nm). Cells were incubated with TNF-α (25
ng/mL) or IFX (100 µg/mL) or TNF-α (25 ng/mL) plus
IFX (100 µg/mL), and cell vitality was evaluated after
6, 24 and 48 h. The same setting was used after preincubation with TNF-α (25 ng/mL) for 24 h, followed
by two washings in saline. Data are expressed as
percentage vs control. Each analysis was repeated
three times.

MATERIALS AND METHODS
Experimental chronic colitis associated to the
development of colon cancer

All experiments were approved by the Local Ethics
Committee for Animal Research Studies at the Catholic
University of Rome (protocol number F42/2009).
The animal protocol was designed to minimize pain
or discomfort to the animals. The animals were
acclimatized to laboratory conditions (23 ℃, 12 h/12
h light/dark, 50% humidity, ad libitum access to food
and water) for two weeks prior to experimentation.
The experimental chronic colitis associated to the
development of CRC was obtained in female mice
C57BL/6. The animals were treated with an intraperitoneal
(i.p.) injection of 10 mg/kg of Azoxymethane (AOM,
Sigma-Aldrich, Munich, Germany). After one week (time
0) mice were exposed to three cycles of one week with
Dextran Sodium Sulphate 2% (DSS, Molecular Weight
36-44 kDa, MP Biomedical Aurora, OH, United States)
in tap water, separated by 2 wk of recovery as already
[17,18]
shown
. Animals were divided into two groups. At the
third day of each cycle of DSS the first group (IFX) was
treated with IFX 5 mg/kg given intravenously in 200 µL
of saline, instead the control group received a saline
solution infusion. Animals were evaluated every day,
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RESULTS
IFX ameliorates chronic colitis

We first explore the impact of IFX on clinical and
histological activity in chronic colitis. IFX treated
animals showed a significantly lower clinical activity
index, expressed by DAI score (Figure 1A) and body
weight loss when compared with controls, especially
th
th
th
in the 18 , 44 and 54 d (P < 0.05) (Figure 1B). At
the sacrifice, we did not observe statistically significant
differences in colon length (Figure 1C). The histological
examination reported a reduction of the Rachmilewitz

9729

November 28, 2016|Volume 22|Issue 44|

Lopetuso LR et al . Infliximab and cancer in experimental colitis
DSS 2.5% IFX
CT

3.5
3.0

c
c

DAI

2.5
2.0
1.5
1.0
0.5

B
% of body weight vs baseline

A

0.0

C

11

D

IFX
CT

a

120
110

b

100
90
80
70

9
8
7
6

Histology score
2.5

IFX
CT

2.0
Rachmilewitz score

10

cm

a

130

60
Colon length at sacrifice

12

DSS 2.5% IFX
CT

140

1.5
1.0
0.5

5
4

sis
ro
Fib

io
n
th Ext
e
in ens
fla io
m no
m f
at
io
n

at
m
m
fla

In

ul Dep
ce t
ra of
tio
ns

Ul

ce

rs

0.0

Figure 1 Effect of Infliximab on dextran sodium sulphate induced chronic colitis in mice. A: Disease activity index (DAI) in infliximab (IFX) treated animals
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Histology assessment in IFX treated mice compared with CT. aP < 0.05, bP < 0.01, cP < 0.001 vs controls.

IFX does not affect intestinal cancer cell proliferation

score in treated animals compared with controls, with
a reduction in ulcer number and depth, inflammation
grade and extension. However, this difference was
not statistically significant. Fibrosis was absent in both
groups (Figure 1D).

In order to confirm these data, we performed an in
vitro MTT assay, indirect expression of IFX effect on
cancer cell proliferation. IFX did not significantly modify
the metabolic activity of CT26 cells either directly or
in association with TNF-α. On the contrary, TNF-α
increased the proliferation of the neoplastic cells during
the first 6 h of stimulation (Figure 3A). Pre-stimulation
with TNF-α did not result in any significant variation
from the first MTT assay setting (Figure 3B).

IFX does not increase tumorigenic risk

At sacrifice, the presence of neoplastic lesions was
verified and evaluated in each animal. All animals
showed at least 1 macroscopic tumor. Treated animals
showed a lower number of tumors in comparison
with controls, with an average of 4,5 tumors per each
mouse compared with 4,4 tumors in the control group.
The difference was not statistically significant (P >
0.05) (Figure 2A). At microscopic analysis, animals
treated with IFX showed a slightly lower number of
adenocarcinoma (K) with an average of 1,4 tumors
per treated mouse compared with 1, 16 tumors per
animal in the control group. Furthermore, in treated
mice we found a non-significant higher prevalence of
high grade dysplasia adenoma (HGA) compared with
controls. All differences were not statistically significant
(P > 0.05) (Figure 2B).

WJG|www.wjgnet.com

DISCUSSION
We previously showed that IFX is able to exert a local
[22,23]
effect on intestinal mucosa
. At the same time,
its potential role on the progression of colonic cancer
associated to chronic colitis is crucially relevant for
IBD. Our previous studies suggested that IFX is able
to reduce leukocyte infiltrate, inflammatory cytokine,
and adaptive and innate immunity chemokine levels,
together with a reparation of the intestinal epithelial
[23]
layer at scratch assay . We thus expected an IFX
effect on the modulation of colonic tumor progression.
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and DSS expressed macroscopic tumors as expected.
IFX treated animals showed a lower number of tumors
compared with controls, although this difference was
not statistically significant. For this reason the overall
message of our experimental setting does not differ
significantly from what was previously proposed in
[24]
a different model . Of note, microscopic analysis
showed that treatment with IFX is associated to an
increased prevalence of pre-neoplastic lesions (LGA
and HGA) compared with controls, together with a
slightly and not significant decrease of cancer lesions.
This suggests that the control of chronic inflammation
provided by IFX can be able to move cancer pro
gression to a pre-cancer condition. This finding is
somehow comforting if taken together with new
evidences suggesting that colonic cancer risk in IBD
and in particular in ulcerative colitis (UC) is lowering in
[25-29]
recent years
. Moreover, since IBD-associated CRC
can affects patients at a younger age than sporadic

Many murine models of sporadic and inflammationrelated colon carcinogenesis have been developed in
the last decade, including chemically induced colon
cancer models, genetically engineered murine models,
and xenotransplants. Among these, AOM/DSS model
has proven to dramatically shorten the latency time
for induction of CRC and to rapidly recapitulate the
aberrant crypt foci-adenoma-carcinoma sequence
that occurs in human CRC. Because of its high repro
ducibility, as well as the simple and affordable mode of
application, the AOM/DSS has become an outstanding
model for studying colon carcinogenesis. That is the
main reason for choosing this model, instead of that
[24]
reported by Kim et al .
In the present study, we firstly confirmed the IFX
ability to reduce the clinical and histological activity
of chronic colitis. This was reflected by a reduced DAI
and body weight loss, as well as histological score in
treated mice. Interestingly, all animals exposed to AOM
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[8,25,30]

CRC
, the finding that IFX do not dramatically
move the incidence of colonic cancer in experimental
colitis, makes the use of this compound in younger age
even less problematic. Nonetheless, murine cancer
model cannot be perfectly assimilated to what really
happens in humans, since other mechanisms of action
could occur. This represents a major limitation for our
study. However, in vitro MTT assay supported the idea
that IFX has not a potential proliferative role on cancer
cells, since it does not increase their metabolic activity.
Overall, our study sustains a safe action of TNF-α
block in chronic colitis without increasing the associated
tumorigenic risk.
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Abstract

Supported by Institute for Maternal and Child Health - IRCCS
“Burlo Garofolo”, No. RC 03/09.

AIM
To evaluate how mucosal bacteria impact on the
spontaneous and muramyl dipeptide (MDP)-induced
inflammation in Crohn’s disease (CD) and ulcerative
colitis (UC).

Institutional review board statement: The study was reviewed
and approved by the Institutional Review Board of the Institute
for Maternal and Child Health - IRCCS “Burlo Garofolo”,
Trieste, Italy (RC 03/2009).

METHODS
Colonic mucosal biopsies were collected from children
with active or remissive CD, UC and controls. Two
tissue samples were taken from inflamed mucosal
segments (in patients with active disease) or from noninflamed mucosa [in patients in remission or in healthy
controls (HC)]. Experiments were performed in the
presence or absence of antibiotics, to assess whether
the disease-associated microbiota can modulate the
cytokine response ex vivo . For this purpose, each
specimen was half-cut to compare spontaneous and
MDP-induced inflammation in the presence of live
bacteria (LB) or antibiotics. After 24 h of culture, an
array of 17 cytokines was assessed in supernatants.
Statistical analyses were performed to find significant
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differences in single cytokines or in patterns of cytokine
response in the different groups.

com/1007-9327/full/v22/i44/9734.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9734

RESULTS
We demonstrated that subjects with CD display a
spontaneous production of inflammatory cytokines
including granulocyte-colony stimulating factor (G-CSF),
interleukin (IL) 6, IL8, IL10 and IL12, that was not
significantly influenced by the addition of antibiotics.
UC specimens also displayed a trend of increased
spontaneous secretion of several cytokines, which
however was not significant due to broader variability
among patients. After the addition of antibiotics,
spontaneous IL8 secretion was significantly higher in UC
than in controls. In HC, a trend towards the weakening
of spontaneous IL8 production was observed in the
presence of live mucosal bacteria with respect to the
presence of antibiotics. In contrast, in the presence of
LB UC showed an increasing trend of spontaneous IL8
production, while MDP stimulation resulted in lower
IL8 production in the presence of antibiotics. We also
showed that subjects with CD seem to have a lowered
production of IL8 in response to MDP in the presence of
LB. Only with the addition of antibiotics, likely reducing
the contribution of LB, multivariate statistical analysis
could identify the combination of measures of G-CSF,
tumor necrosis factor alpha, IL4 and IL17 as a good
discriminator between CD and UC.

INTRODUCTION
Inflammatory bowel diseases (IBD) are intestinal
disorders characterized by a complex inflammatory
process that may involve any part of the digestive tract.
IBD include mainly Crohn’s disease (CD) and ulcerative
colitis (UC), which are characterized by a different
[1,2]
spectrum of clinical and pathological features .
In CD, the inflammation is extended through the
whole intestinal wall of the gut with a segmental
distribution, while in UC the inflammatory process is
continuous and predominantly confined to the colonic
[2]
mucosa .
IBD are characterized by an aberrant activation of
the mucosal immune system with reaction to luminal
[3]
content in genetically susceptible subjects , resulting
in a chronic inflammatory state with dysregulation of
[4-6]
several cytokines .
Cytokines are important mediators in the gutassociated immune system, both in physiological
[7]
conditions and in disease . In normal conditions, the
mucosal immune activation reflects an active balance
between tolerance of luminal content and response
to commensal and pathogenic bacteria. Indeed, this
basal activation is associated with a predominance of
cytokines such as interleukin (IL) 10 and transforming
growth factor beta and the production of antimicrobial
peptides that can contribute to the shaping of the
“healthy” microbiota. In pathological conditions, other
cytokines and mediators are produced, which can,
at the same time, lead to tissue injury and altered
[4,8-10]
regulation of the microbiota and dysbiosis
.
Chronic tissue damage results in clinical intestinal
symptoms in IBD patients (abdominal cramping and
pain, diarrhea, constipation and bowel obstruction,
nausea and vomiting), even though extra-intestinal
manifestations (weight loss, fever, asthenia and
arthralgias) and immune disorders are also associated
[11]
with this pathologies .
Despite the large number of studies and clinical
analyses, several issues remain to be solved regard
ing the immune pathogenesis of IBD. In particular,
the therapy of IBD is still based mainly on anti-infla
mmatory and immunosuppressive therapies, while
mounting evidence supports the idea that defective
immunity may underlie IBD pathogenesis, especially
[12]
in cases with an early onset in childhood . In fact,
excessive inflammation in IBD could either result from
a hyper-response of the immune system or it may just
represent a compensatory response to luminal contest
[13]
in the background of defective immunity .
Indeed, CD has been alternatively classified as an
autoinflammatory disorder or a disease with primary
[14]
immune deficiency .

CONCLUSION
We showed that the presence of LB or antibiotics can
significantly influence the inflammatory response ex
vivo in inflammatory bowel diseases.
Key words: Gut-microbiota; Crohn’s disease; Ulcerative
colitis; Cytokines; Inflammation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Even though previous studies have already
considered cytokine secretions as marker of an infla
mmatory condition and mucosal imbalance in Crohn’s
disease (CD) subjects, they did not take into account
the autochthonous colonization of the intestinal mucosa
by the disease-associated microbiota. In this work we
investigated whether the microbiota can modulate the
ex vivo cytokine response, in the presence or absence
of antibiotics, or if a selection of cytokines could dis
criminate different inflammatory bowel diseases types.
Through a multivariate logistic model we identified,
only in specimens treated with antibiotics, a specific
cytokine profile able to discriminate CD from ulcerative
colitis.
Loganes C, Valencic E, Pin A, Marini E, Martelossi S, Naviglio
S, De Leo L, Not T, Monasta L, Tommasini A, Marcuzzi A.
Ex vivo response to mucosal bacteria and muramyl dipeptide
in inflammatory bowel disease. World J Gastroenterol 2016;
22(44): 9734-9743 Available from: URL: http://www.wjgnet.
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On the one hand, some studies suggested that
CD is an autoinflammatory disease, characterized
by an increase in the inflammatory response due to
nucleotide-binding oligomerization domain-containing
protein 2 (NOD2) variants, even though data su
pporting this hypothesis are controversial. NOD2 is
an intracellular receptor involved in gastrointestinal
immunity; it detects bacterial components and has
been identified as the first susceptibility gene for
[15-17]
CD
. The binding of muramyl dipeptide (MDP) to
NOD2 leads to the downstream activation of mitogenactivated protein kinases and nuclear factor-kappa
beta (NF-κB) signaling, which in turn stimulates the
transcription of several immune response genes.
However, early studies have shown the association of
the most common mutation 3020insC with a reduced
[18]
activation of NF-κB . In contrast, later investigations
proposed that the pro-inflammatory action is caused
[19]
by a dysregulated autophagy .
On the other hand, several studies have found
evidence that CD patients present immune response
defects. In fact, a decreased bacterial clearance by the
phagocytic system has been observed in peripheral
blood cells from patients with CD; furthermore,
NOD2-/- mice exhibit a reduced production of anti
microbial peptides by Paneth cells that leads to an
imbalance in the microbiota in the presence of certain
microbial pathogens, and intestinal inflammation can
be prevented in these models by the forced expression
[20]
of defensins in the intestinal cells .
For these reasons, we wanted to describe what
happens in the disease itself, not by using simple animal
models, but by studying the relationships between the
mucosal immune system, influenced by its multigenic
background, and the intestinal microbiota colonizing the
diseased epithelium.
In these conditions, we tried to understand how
the inflammatory response to stimuli such as MDP is
influenced ex vivo by the presence of live or antibioticinactivated bacteria.
We performed an ex vivo culture of colonic explants
to investigate the mucosal response both in spon
taneous conditions and after the stimulation with MDP.

namely the Pediatric Crohn’s Disease Activity Index
and the Pediatric Ulcerative Colitis Activity Index were
also calculated. Any other recent acute disease or
chronic inflammatory conditions are reported in these
patients.
Control subjects were selected among children
who underwent colonoscopy as part of their clinical
investigations for various reasons not related to
inflammatory enteropathies, such as routine evaluation
of juvenile intestinal polyps, autoimmune gastritis,
unexplained abdominal symptoms and weight loss.
They had evidence of normal, non-inflamed mucosa
and were thus considered healthy controls (HC).
Colonic mucosal biopsies were taken during colono
scopy. For each subject, two specimens were collected
from the same mucosal area, in addition to the
biopsies obtained for clinical purposes. In patients with
active disease, two inflamed biopsies were collected,
while in patients with inactive disease or HC two
biopsies were taken from non-inflamed areas.
All subjects were recruited from the Gastro
enterology and Clinical Nutrition Unit, Institute for
Maternal and Child Health - IRCCS “Burlo Garofolo”,
Trieste, Italy and written informed consent was obtained
from patients and donors (or their guardians) according
to a protocol approved by the Independent Ethical
Board at the Institute (n.185/08, 19/08/2008).

Ex vivo specimen culture

Immediately after collection, biopsies were cut in half
following the intestinal layers’ orientation and split in
two tubes containing a physiological saline solution.
Once they reached the laboratory, the specimens
were transferred to sterile tubes with culture medium
(X-VIVO, Lonza, Verviers, Belgium) supplemented with
10% human AB serum (Sigma-Aldrich, Milano, Italy)
and 2 mmol/L L-glutamine (EuroClone, Milano, Italy).
The intestinal tissue was exposed to 250 ng/mL MDP
(N-Acetylmuramyl-L-alanyl-D-isoglutamine hydrate,
Sigma-Aldrich) or medium alone, in the presence or
absence of antibiotics: 100 U/mL penicillin (EuroClone)
and 0.1 mg/mL streptomycin (EuroClone).
After 24 h culture at 37 ℃ in a humidified atmo
sphere (95% air and 5% CO2), supernatants were
collected and stored at -20 ℃ for cytokine analysis.

MATERIALS AND METHODS
Patients and gut biopsies collection

Cytokine quantifications

Forty-eight children with IBD and eight control subjects
were enrolled. Participation in the study was proposed
to all patients with IBD or their guardians when the
performance of a colonoscopy was needed for clinical
assessment, required for the diagnosis or the follow-up
of their intestinal disease.
Patients with IBD were divided into four groups
based on the type of intestinal disorder and on endo
scopic mucosal disease activity: active Crohn’s disease
(CD, n = 23), remissive Crohn’s disease (rCD, n = 3),
active ulcerative colitis (UC, n = 15) and remissive
ulcerative colitis (rUC, n = 7). Disease activity scores,

WJG|www.wjgnet.com

The cytokines and the chemokines released in the
culture medium were measured using the Bio-Plex
®
Pro Human Cytokine 17-plex Assay (BioRad, Hemel
Hempstead, United Kingdom), according to the
manufacturer’s instructions.
Analytes examined by this method were IL1β, IL2,
IL4, IL5, IL6, IL7, IL8, IL10, IL12 (p70), IL13, IL17,
granulocyte-colony stimulating factor (G-CSF), GMCSF, IFNγ, MCP1 (MCAF), MIP1β, and TNFα.
®
Samples were analyzed with the Bio-Plex 200
®
reader and data were managed using Bio-Plex Manager
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RESULTS

Table 1 Characteristics of patients included in the study
Patients
(n = 56)

Age (yr)
Male/female
(mean ± SD)

IBD (n = 48)
CONTROLS
(n = 8)

CD (n = 26)
UC (n = 22)
HC (n = 8)

11 ± 3.08
15 ± 3.88
10 ± 4.60

16/10
12/10
4/4

Experimental design

Active/
remission

Clinical characteristics of all patients included in the
study, obtained from the medical sheets and from the
colonoscopy records, are reported in Supplementary
Table 1 and Supplementary Table 2 and summarized in
Table 1.
Ex vivo culture of biopsies is thought to repro
duce both the immunological and the microbiologic
background of the disease. However, to isolate the
contribution of live bacteria (LB) to inflammation,
biopsies were stimulated in absence or in presence of
antibiotics. Thus, for each sample we examined four
conditions: basal with LB or with antibiotics (PS), and
MDP-stimulated with (PS + MDP) or without antibiotics
(LB + MDP).
After a 24 h culture, the media were harvested
to proceed with the quantification of 17 analytes,
including cytokines, chemokines and growth factors
(Figure 1).
The levels of three cytokines (IL5, IL7 and IL13)
were under the lower limit of detection in all evaluated
conditions and were thus excluded.

23/3
15/7
-

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative
colitis; HC: Healthy controls.

Table 2 Multivariate logistic model for inflammatory bowel
disease patients vs healthy controls in the presence of
antibiotics and without muramyl dipeptide stimulation
Variables

OR

95%CI

P value

Regression
coefficients

IL2
IL4
IL8
Constant

1.553421
0.473238
1.000267
0.065259

1.011162-2.386481
0.228780-0.978906
1.000030-1.000504
0.003533-1.205600

0.044
0.044
0.027
0.067

0.440460
-0.748157
0.000267
-2.729393

software, which returned data as Median Fluorescence
Intensity and concentration (pg/mL).

Basal cytokine network in IBD

Statistical analysis

In basal conditions with live mucosal bacteria, five
cytokines had levels significantly higher in CD than in
controls (HC) (CD vs HC: G-CSF, P = 0.024, IL6 P =
0.037, IL8 P = 0.033, IL10 P = 0.049, IL12, P = 0.028);
levels of most cytokines tended to be even higher in
UC, but because of the high variability among patients,
differences did not reach significance, except for GMCSF, whose levels were higher in UC compared with
both HC (P = 0.031) and CD (P = 0.034) (Figure 2).
Levels of IL1β, IL2, IL4, IL17, IFNγ, TNFα, MCP1
and MIP1β did not differ significantly between the
three studied groups, even if median levels of several
cytokines such as IL2, IL4 and TNFα tended to be higher
in UC than in HC. In general, HC showed a narrower
variability compared to patients (Supplementary Figure
1).
Median levels of all cytokines in the different groups
and conditions are rendered in Figure 3 with a color
analog scale (CAS): for each cytokine, values 0-24%
of the higher value are displayed in green, 25%-49%
in orange, 50%-74% in red and above 75% in dark
red.
In specimens from patients with endoscopically
inactive disease, almost all cytokines were detected,
as expected, at lower levels than in active disease. The
decrease is significant in UC for GM-CSF (P < 0.01),
IL6 (P < 0.05), IL10 (P < 0.05) and TNFα (P < 0.05)
(Data not shown).
The addition of antibiotics in the bioptic culture
to inhibit mucosal bacteria did not lead to relevant
changes in the secretion pattern (Supplementary
Figure 2), with the exception of IL8 in UC samples.

All statistical analyses were carried out using Stata/IC
14.1 (StataCorp LP, College Station, United States) and
GraphPad Prism software version 5 (GraphPad, San
Diego, United States). Values assumed by cytokines
were described as medians and interquartile ranges
and represented with box plots using Tukey’s whiskers.
Statistical significance was set as P < 0.05 (a), P < 0.01
(b) and P < 0.001 (c).
Associations between cytokines and specific condi
tions (HC vs IBD, and CD vs UC) were analyzed firstly
by univariate logistic regression and then by multivariate
logistic regression. For the multiple comparisons carried
out by univariate logistic regression, considering the
relatively small sample size, which implied having
relatively large P values, we decided not to apply any
correction to the P value for statistical significance:
we realize that we carried out independent univa
riate logistic regressions on different outcomes and
separately for 17 cytokines, chemokines and growth
factors. However, this just is considered as a preliminary
step for the selection of cytokines to be included in
the multivariate analysis: significant variables (P <
0.05 in the univariate analysis) were entered into
multivariate analysis. Multivariate logistic regression
analysis was employed to determine cytokine profiles
associated with the different forms of IBD. Receiver
operating characteristic (ROC) curves were constructed
to evaluate the performance of the multivariate
models. The area under the curve (AUC), sensitivity and
specificity were also calculated. For each model, we
identified the optimal cut-off by maximizing the sum of
sensitivity and specificity.
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Two colonic biopsies from
the same intestinal region

Cut of each biopsy in half
following the intestinal
layers’ orientation

24 h culture at 37 ℃
of mucosal speciments
with different stimuli

No stimulus
(LB)

+ Antibiotics
(PS)

+ MDP
(LB + MDP)

+ Antibiotics + MDP
(PS + MDP)

Collection of culture supernatants and
cytokine quantifications

Figure 1 Schematic culture protocol of colonic biopsies derived from colonoscopy. LB: Live Bacteria; PS: Penicillin-streptomicin; MDP: Muramyl dipeptide.

though the differences are not significant, there is
a clear trend of increased secretion of IL2, IL6, IL8,
IL17 and IFNγ in UC, while no change was observed
in CD. Indeed, even if in a smaller scale, HC tended to
secrete reduced amounts of IL2, IL6 and IFNγ (Figure
5).
However, after the addition of antibiotics, this
pattern was subverted and MDP stimulation failed to
produce an evident increase in cytokine secretion in
any group and it was even possible to note a reduced
trend of secretion for IL8 in UC (Figure 6).
No variation was noted in the remaining cytokines,
whose values are reported in supplementary Tables 3
and 4.

Table 3 Multivariate logistic model for inflammatory bowel
disease patients vs healthy controls in the presence of
antibiotics and muramyl dipeptide stimulation
Variables

OR

95%CI

P value

Regression
coefficients

MCP1
IL8
IL10
Constant

0.997248
1.000094
1.098966
0.529026

0.995067-0.999434
1.000019-1.000170
1.009008-1.196944
0.108222-2.586054

0.014
0.014
0.030
0.432

-0.0027555
0.0000944
0.0943694
-0.636717

Table 4 Multivariate logistic model for Crohn’s disease vs
ulcerative colitis in the presence of antibiotics and muramyl
dipeptide stimulation
Variables

OR

95%CI

P value

Regression
coefficients

G-CSF
TNFα
IL4
IL17
Constant

0.999703
0.990492
1.155281
1.009361
1.043247

0.999484-0.999921
0.981420-0.999649
1.012918-1.317651
1.000308-1.018497
0.333344-3.264992

0.008
0.042
0.031
0.043
0.924

-0.0002975
-0.0095533
0.1443433
0.0093177
0.042338

Multivariate logistic regression and ROC analysis
to identify profiles of pro-inflammatory cytokines
associated with IBD diagnosis

Multivariate logistic regression were carried out to
assess if any cytokine combination was associated with
IBD related outcomes.
Only experiments in the presence of antibiotics
provided profiles significantly associated with IBD.
In particular, without MDP stimulation, IL2, IL4 and
IL8 were simultaneously associated with IBD in a
multivariate analysis (Table 2). ROC analysis (Figure
7A) shows that the AUC was 0.98 (95%CI: 0.93-1.00),
and we could have a sensitivity of 100% with a
specificity of 71%.
After MDP stimulation another set of cytokines
(MCP1, IL8 and IL10) was significantly associated
with IBD (Table 3). The AUC for this model was 0.91
(95%CI: 0.79-1.00) (Figure 7B). Keeping sensitivity

The trend of IL8 increase after antibiotics in UC is so
clear that the difference compared with HC becomes
significant (Figure 4).

Cytokine network induced by MDP

MDP was used to investigate the function of the NOD2pathway ex vivo in CD compared with UC and HC.
In general, the response to MDP appeared to be
higher in UC than in CD (see the CAS in Figure 3).
After stimulation with MDP in the presence of LB, even
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inflammatory bowel diseases (IBD) patients in active phase [Crohn’s disease (CD); ulcerative colitis (UC)] and healthy controls (HC) in basal condition [live bacteria (LB)].
Statistical significances are denoted using alphabetical letters (aP < 0.05).

for the detection of IBD at 94%, we obtained a
specificity of 75%, which would permit to identify 45
IBD patients out of 48, with 2 false positives out of 8
HC.
After MDP stimulation it was also possible to discri
minate between CD and UC based on the measure of
G-CSF, TNFα, IL4 and IL17 (Table 4). According to the
ROC analysis (Figure 7C), the AUC was 0.78 (95%CI:
0.65-0.91), and we could obtain a sensitivity on CD of
92.31% with a specificity of 50%.

of IL8 after challenge with E. coli or other intestinal
bacteria were recorded by Edward and colleagues
and considered as a marker of the mucosal imbalance
[21]
typical of CD . The authors, however, did not take
into account the autochthonous colonization of the
intestinal mucosa by the disease-associated microbiota.
In the present work, we compared the cytokine profile
of the intestinal mucosa in the presence or absence
of antibiotics, to assess whether disease-associated
microbiota can modulate the cytokine response ex
vivo. We demonstrated that subjects with CD display
a spontaneous production of inflammatory cytokines
besides IL8, and including G-CSF, IL6, IL10 and IL12.
The addition of antibiotics to the culture produced
only a slight trend towards increased spontaneous
cytokine secretion, both in CD and in UC, but no

DISCUSSION
It is well known that subjects with active IBD display
increased secretion of several inflammatory cytokines in
the intestinal mucosa. For example, aberrant secretions
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[24]

childhood, but this is not believed to occur for UC .
Thus, the significance of increased levels of IL8 in UC
after the addition of antibiotics remains without a clear
explanation.
Even if the difference is not significant, there is a
trend toward higher concentrations of inflammatory
cytokines in UC if compared to CD. Actually, this is
not surprising if we consider that we are sampling
just superficial specimens where UC is expected to
be more expressed than CD, which, on the contrary,
may extend the inflammatory process throughout the
[25]
whole intestinal wall .
Of note, in HC, the IL8 secretion with or without
MDP is reduced in the presence of LB if compared to
antibiotics. This effect is likely due to a modulatory
effect of LB on mucosal immunity. In contrast, samples
from UC showed a trend of increase of cytokines
such as IL6 and IL8 when stimulated with MDP in the
presence of LB. However, in the presence of antibiotics,
stimulation with MDP was associated with decreased
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Figure 4 Dosage of IL8 secretion by colonic biopsies from inflammatory
bowel diseases patients. Levels of IL8 secretion by colonic biopsies from
patients with active Crohn’s disease (CD), active ulcerative colitis (UC) and from
healthy controls (HC), in the presence (+PS) or absence (-PS, live bacteria) of
antibiotic mixture. Statistical significances are denoted using alphabetical letters
(bP < 0.01).

difference was significant, except for increased IL8
secretion in UC. These data may support the idea that
antibiotics can influence UC, as suggested by other
[22]
authors . However, whilst some protocols that include
metronidazole in vivo are shown to have protective
[22]
effects on disease activity , other combinations had
[23]
no effect . Actually, it is well known that the risk
of CD can be raised by previous use of antibiotics in
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IL8 secretion. Thus, antibiotics alone seem to increase
IL8 production in UC, either because of a loss of the
protective effect of mucosal bacteria or for the release
of pro-inflammatory bacterial compounds. Conversely,
we observed a reduction of IL8 production in UC when
MDP is used together with antibiotics. Even though
there is no clear explanation for this phenomenon, we
can argue that in this case antibiotics and MDP-induced
peptides may synergize in controlling both protective
[26]
and harmful bacteria .
We also showed that subjects with CD seem to
have a lowered production of IL8 in response to MDP
in the presence of LB. Although it is not clear whether
defects in NOD2 signaling might play a role in this
finding, these results support the idea that CD is not
usually associated with a hyper-inflammatory response
to MDP, i.e., it is not just an autoinflammatory disorder.
Recent data suggest that inflammation in CD may
be the result of compensatory responses to defective
[27]
immunity .
Although it was not the primary aim of our work,
we could demonstrate that culture with antibiotics
is the only ex vivo condition in which it was possible
to identify profiles of cytokine secretions able to
discriminate between CD and UC with good sensitivity
and specificity. Indeed, the combination of measures
of G-CSF, TNFα, IL4 and IL17 was shown to identify

WJG|www.wjgnet.com

CD with respect to UC with sensitivity and specificity
respectively of 92% and 50%. Rather than being used
to assist diagnosis, which relies only on clinical and
histological features, these results highlight once more
the importance of taking into account the presence of
mucosal bacteria when dealing with ex vivo analyses
of IBD.
Among the limitations of this study, we need to
mention the small sample size. The decision not to
apply corrections to the p values for significance for
multiple univariate comparisons was a consequence of
this constrain and it should be taken into account.
However, despite the small sample size, valid
results have been obtained with this ex vivo mucosal
culture, that allowed us to discern the two IBD forms.
In conclusion, we showed that CD and UC have
distinct cytokine profiles in the intestinal mucosa
and that the mucosal-associated microbiota can
differentially impact on the inflammatory response in
the two conditions.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the clinical research ethics committee
of Hospital Universitario de la Princesa.

AIM
To evaluate the efficacy of peripheral blood concen
trations of angiopoietins (Ang) as cirrhosis biomarkers
of chronic hepatitis C (CHC).

Informed consent statement: Written informed consent was
obtained from all subjects at the time of enrollment or blood
sampling.

METHODS
Ang1 and Ang2 serum levels were measured by
enzyme-linked immunosorbent assays (ELISA) in
samples from 179 cirrhotic and non-cirrhotic CHC
patients, classified according to the METAVIR system.

Conflict-of-interest statement: The authors have no conflicts
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Groups were compared by non-parametric MannWhitney U test. Subsequently, the association of
peripheral concentrations of angiopoietins with
the stage of fibrosis was analyzed using Spearman
correlation test. Finally, the accuracy, sensitivity and
specificity of circulating angiopoietins for cirrhosis
diagnosis were determined by the study of the
respective area under the curve of receiver operator
characteristics (AUC-ROC).

Otero R, Sanz-Cameno P. Angiopoietin-2/angiopoietin-1 as noninvasive biomarker of cirrhosis in chronic hepatitis C. World J
Gastroenterol 2016; 22(44): 9744-9751 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i44/9744.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9744

RESULTS
Peripheral blood concentrations of Ang1 and Ang2 in
CHC patients were significantly related to fibrosis. While
Ang1 was decreased in cirrhotic subjects compared
to non-cirrhotic (P < 0.0001), Ang2 was significantly
increased as CHC progressed to the end stage of liver
disease (P < 0.0001). Consequently, Ang2/Ang1 ratio
was notably amplified and significantly correlated with
fibrosis (P < 0.0001). Interestingly, the individual
performance of each angiopoietin for the diagnosis
of cirrhosis reached notable AUC-ROC values (above
0.7, both), but the Ang2/Ang1 ratio was much better
(AUC-ROC = 0.810) and displayed outstanding values
of sensitivity (71%), specificity (84%) and accuracy
(82.1%) at the optimal cut-off (10.33). Furthermore,
Ang2/Ang1 ratio improved the performance of many
other previously described biomarkers or scores of liver
cirrhosis in CHC.

Chronic liver disease (CLD) caused by hepatitis C
virus (HCV) is an important public health problem
worldwide. Nowadays, the number of patients with
HCV-related cirrhosis is increasing and at this stage
of the disease serious complications, such as bleeding
esophageal varices or hepatocellular carcinoma (HCC)
[1-4]
development, can take place . Although the new
medication based on direct-acting antivirals (DAAs)
is very efficient for chronic hepatitis C (CHC) treatment, the access of numerous patients to these novel
therapies is difficult because of their elevated cost. In
addition, the silent course of disease often leads to
[4-6]
many undiagnosed subjects .
An important feature of CHC progression is the
persistence of HCV in the liver, which perpetuates the
inflammatory response and deregulates other repairing
processes, leading to angiogenesis, fibrosis, cirrhosis
and HCC. Liver fibrosis is characterized by the replacement of hepatocytes by extracellular matrix (ECM),
particularly collagen and several extracellular matrix
proteins whose organization in non-soluble complex
polymers generates the architectural and functional
[7-10]
disorganization of the liver
. Simultaneously, chronic
liver injury leads to the development of abnormal
intrahepatic vasculature in a fundamental attempt
to reestablish the metabolic interchange between
[11-14]
blood and the injured tissue
. Indeed, pathological
angiogenesis has been reported in diverse CLD and
in the context of different inflammatory, fibrotic, and
[13,15-18]
ischemic conditions as well as in HCC
.
Among the mechanisms that closely modulate the
angiogenic process, the Angiopoietins/Tie2 system is
considered to play a pivotal role during the late phase
of angiogenesis and is responsible for the maturation
[19-21]
of newly formed vascular structures
. The correct
regulation of the tyrosine kinase Tie2 is essential for
[22,23]
normal vascular development
. Angiopoitein-1
(Ang1) and angiopoitein-2 (Ang2) have similar affinity
toward Tie2 but their effects are quite different and
[24-26]
context dependent
. Interestingly, the balance
between both angiopoietins is altered in several CLD
[13,27]
diseases, with its highest manifestation in HCC
.
The knowledge of the fibrosis stage and progression rate is crucial for prognosis and treatment of CHC
[28]
patients , but it is quite difficult to achieve since liver
biopsy, the unique clinically accepted tool to evaluate
the advance of the disease, has many drawbacks such
[29-31]
as its invasiveness and elevated cost
. Therefore,
alternative strategies are being actively investigated in

INTRODUCTION

CONCLUSION
Ang2/Ang1 ratio might constitute a useful tool for
monitoring the progression of chronic liver disease
towards cirrhosis and play an important role as
therapeutic target.
Key words: Chronic hepatitis C; Area under the curve
of receiver operator characteristics; Liver fibrosis;
Cirrhosis; Angiopoietin-2; Angiopoietin-1; Biomarker;
Angiogenesis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Chronic hepatitis C (CHC) is the leading
cause of cirrhosis and hepatocellular carcinoma
and monitoring of liver fibrosis is essential for the
prognosis and treatment of these patients. Liver
biopsy, the gold standard for fibrosis determination,
is invasive and costly. Therefore, novel reliable noninvasive biomarkers are crucial for CHC management.
Angiogenesis is closely related to the pathogenesis
of the disease and angiopoietins play a relevant role
in this process. Interestingly, this study confirms the
valuable association of circulating angiopoitein-1 (Ang1)
and angiopoitein-2 (Ang2) levels with CHC progression
and reveals the outstanding role of Ang2/Ang1 ratio as
potential non-invasive biomarker of cirrhosis.
Hernández-Bartolomé A, López-Rodríguez R, Borque MJ,
González-Moreno L, Real-Martínez Y, García-Buey L, Moreno-
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Statistical analysis

order to reduce or avoid the need of liver biopsies for
[32,33]
the assessment of liver disease
.
In this regard, the close relationship between liver
fibrosis and pathological angiogenesis, together with
the observed imbalance of angiopoietins levels in different CLD, pointed us to evaluate the usefulness of
these angiogenic factors as non-invasive biomarkers
[34,35]
of CHC progression
. Therefore, this study was
designed to assess the levels of Ang-1 and Ang-2 in
the serum of CHC patients with or without cirrhosis
and to estimate their potential diagnostic value.

All data were analyzed with SPSS version 16.0 software
(SPSS Inc., Chicago, IL, United States) and expressed
as median values or in percentages, except for age
(median and range). Comparisons of Ang1 and Ang2
serum levels between groups of cirrhotic and noncirrhotic patients were performed by non-parametric
Mann-Whitney U test. The association of angiopoietins
with liver fibrosis was analyzed by the Spearman
correlation test. Two-tailed P values below 0.05 were
considered statistically significant. Receiver operating
characteristics (ROC) curves were applied to evaluate
the diagnostic precision of angiopoietins and their ratio
(Ang2/Ang1) to identify CHC patients with cirrhosis. In
addition, different parameters of clinical relevance, such
as sensitivity (Se), specificity (Sp), positive predictive
value (PPV), negative predictive value (NPV), positive and negative likelihood ratio (LR), and accuracy
(ACC), at different cut-off values (Youden Index - which
corresponds to the maximum sum of sensitivity and
specificity, 90% sensitivity or 90% specificity) were also
determined. Statistic differences among different cirrhosis indices were calculated by De Long test (version
12.3.0.0, MedCalc, MariaKerke, Belgium).

MATERIALS AND METHODS
Patients

The study included 179 serum samples from CHC
patients without human immunodeficiency virus (HIV),
hepatitis B or other liver diseases who had undergone
liver biopsy for clinical purposes and gave written
informed consent for their experimental use.
The study protocol was approved by the Clinical
Research Ethics Committee of Hospital Universitario de
La Princesa and adhered to the rules of the Declaration
of Helsinki. The diagnosis of CHC was confirmed by the
presence of serum HCV-RNA assayed with the reverse
transcription polymerase chain reaction (RT-PCR)
method (Amplicor Roche Molecular System, Branchburg, NJ). The genotype of HCV was determined by
reverse-hybridization line probe assay (INNO-LiPAHCV;
Innogenetics, Zwijndreht, Belgium). Also, immediately
prior to liver biopsy, a blood sample was taken from
each patient to analyse routine biochemical and clinical
parameters using standard methods.

RESULTS
Patient characteristics

Demographic and clinical characteristics of CHC patients
are shown in Table 1. Compared with non-cirrhotic,
patients with cirrhosis had lower levels of platelets and
albumin but higher levels of bilirubin and transaminases
[except alkaline phosphatase (ALP)]. No significant
differences were found with regard to cholesterol, age,
viral load or gender.

Liver histology

Liver biopsy tissue was obtained from all patients by
percutaneous needle extraction (HepafixH, B. Braun
Melsungen AG, Melsungen, Germany) under ecographic control. All liver biopsy specimens were fixed
in 5% buffered formalin and embedded in paraffin for
routine anatomo-pathological examination. Liver fibrosis was staged as F0 to F4 according to the METAVIR
[36]
classification system . In order to simplify, 3 patients
with F0 were included in the F1 group.

Angiopoietins levels in serum of CHC patients

In order to measure serum concentrations of Ang1 and
Ang2 in the peripheral blood of CHC patients ELISA
assays were performed. Interestingly, the concentration of Ang1 decreased progressively in relation to
the stage of liver fibrosis whereas Ang2 levels showed
the opposite tendency (Figure 1). Furthermore, the
concentration of Ang1 in the serum of cirrhotic patients
was significantly lower when compared to the noncirrhotic groups (P < 0.001); On the contrary, Ang2
serum levels were considerably higher in patients
with cirrhosis (P < 0.01, Figure 1). Hence, differences
among fibrosis stages were more evident for Ang2/
Ang1 ratio, which was further able to significantly
discriminate F > 1.
Consequently, Spearman correlation revealed an
important association of circulating levels of angiopoietins with fibrosis stage, in accordance to the results
shown above: while Ang1 levels were inversely related,
Ang2 and Ang2/Ang1 ratio were directly associated (P
< 0.0001, all) as Table 2 shows.

Determination of serum Ang1 and Ang2 levels

Concentrations of Ang1 and Ang2 were measured in
serum samples from all patients with CHC obtained on
the same day that they had undergone percutaneous
liver biopsy. According to the manufacturer’s directions,
levels of Ang1 and Ang2 in serum were evaluated using
human enzyme-linked immunosorbent assay (ELISA)
Kits (Quantikine: R&D Systems, Minneapolis, MN).
Once the reaction was stopped, the absorbance of each
well was determined using a microplate reader (BioRad). Concentrations of Ang1 and Ang2 were obtained
from the standard curve. All assays were done by
duplicate and the mean concentration was calculated.
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Table 1 Baseline characteristics of chronic hepatitis C patients
Patients
Sex (M/F)
Age (yr)
Viral load (× 105 IU/mL)
HCV genotype, n (%)
1
Non-1
Stage of liver fibrosis, n (%)
F1
F2
F3
F4
AST (UI/L)
ALT (UI/L)
ALP (UI/L)
GGT (UI/L)
INR
Bilirubin (mg/dL)
Platelet count (× 109/L)
Cholesterol total (mg/dL)
Albumin (g/dL)

Cirrhotic (n = 31)

Non-cirrhotic (n = 148)

P value

23/8
48 (24-63)
5.0 (3.5-11.0)

92/56
44 (22-67)
7.1 (1.8-13.0)

0.20
0.23
0.68
-

27 (87.1)
4 (12.9)

117 (79.1)
31 (20.9)

31 (100.0)
99.0 (60.0-123.0)
116.0 (87.0-161.0)
116.0 (75.0-220.0)
91.0 (68.0-172.0)
1.1 (1.1-1.2)
0.9 (0.7-1.1)
141.0 (120.0-167.0)
163.0 (141.0-180.0)
4.2 (4.0-4.4)

42 (28.4)
66 (44.6)
40 (27.0)
48.0 (33.0-65.0)
74.0 (55.3-111.5)
126.5 (77.5-164.8)
36.0 (23.0-65.8)
1.0 (0.9-1.1)
0.6 (0.5-0.8)
204.0 (167.0-241.0)
171.0 (154.3-191.5)
4.3 (4.2-4.6)

-

< 0.001
< 0.001
0.39
< 0.001
< 0.001
< 0.001
< 0.001
0.06
0.03

Data are shown as number of patients (percentage) or median value (25th-75th percentile), except for age (median and range). HCV: Hepatitis C virus; AST:
Aspartate transaminase; ALT: Alanine transaminase.

ing was compared with other previously described noninvasive serum markers [aspartate aminotransferase
to alanine aminotransferase ratio (AAR), aspartate
aminotransferase-to-platelet ratio index (APRI), fibrosis
index based on the four factors (FIB4), fibrosis index (FI)
and fibrosis-cirrhosis index (FCI)]. As Table 4 shows,
angiopoietins ratio performs better than AAR (P = 0.01)
and similar to the other indices (P > 0.05).

Table 2 Association between angiopoietins and liver fibrosis
in chronic hepatitis C patients

Ang1
Ang2
Ang2/Ang1

n

Rho spearman coefficient

P value

179
179
179

-0.297
0.402
0.474

5.25 × 10-5
2.37 × 10-9
2.14 × 10-11

Ang1: Angiopoietin 1; Ang2: Angiopoietin 2.

DISCUSSION

Diagnostic accuracy

Subsequently, receiver operating curve analyses were
performed to demonstrate the diagnostic validity of
each individual angiopoietin or combined as a ratio to
classify liver fibrosis in CHC. As shown in Figure 2, both
angiopoietins had a high power to differentiate patients
with F > 1, F > 2 or cirrhosis. Indeed, the area under
the curve (AUC) of Ang1 was 0.734, with a sensitivity
70.97% and a specificity 73.65% at its optimal cut-off
for cirrhosis staging; likewise, Ang2 had an AUC of 0.761
for diagnosing CHC patients with cirrhosis, with a sensitivity 74.19% and a specificity 69.59% at the value corresponding to Youden index. Importantly, Ang2/Ang1
ratio displayed the highest precision in discriminating
cirrhotic patients (Figure 2 and Table 3) with an AUC
of 0.810, a sensitivity of 70.97% and a specificity of
84.46% at the optimal cut-off (10.33). Furthermore,
the simultaneous analysis of both angiopoietins as a
ratio greatly improves other clinically relevant parameters, such as positive likelihood ratio and accuracy (4.57
and 82.1, respectively). Although other cut-offs were
inspected in order to improve sensitivity or specificity
to 90% (data not shown), optimal criterion (Youden
index) displayed better clinical results (Table 3).
Finally, the efficacy of Ang2/Ang1 for cirrhosis stag-
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CHC is a major cause of progressive liver disease,
[37]
which often leads to cirrhosis and HCC . Monitoring
of liver fibrosis is crucial for the clinical management of
patients but its precise determination is only possible
[28]
by histological examination of liver biopsies . Since
vascular remodelling has repeatedly been observed
[13,34,35,38]
during the evolution of diverse CLD
, the levels
of main related factors, such as angiopoietins, might
help to evaluate the progression of these diseases.
Previous evidences suggested the possible pathogenic
role of the Angiopoietins/Tie-2 system on cirrhosis
development, thus highlighting its potential to detect
[34,35,38]
the degree of liver injury
. In this regard, some
reports described the significant elevation of Ang2
[39]
serum levels in patients with liver cirrhosis . Pauta
[40]
et al
also reported higher levels of Ang2 in the
systemic and suprahepatic circulation of cirrhotic
patients with alcoholic liver disease and established
the inverse correlation of Ang1/Ang2 with prognostic
models of the disease. Accordingly, our data indicate
that circulating levels of angiopoietins in CHC patients
are notably related to fibrosis. Moreover, a signifi
cant direct association between Ang2/Ang1 ratio and
liver cirrhosis has also been observed. These findings
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Figure 1 Distribution serum concentrations of Ang1 (A), Ang2 (B) and
Ang2/Ang1 ratio values (C) in chronic hepatitis C patients. Medians are
represented by horizontal lines. Statistical significance was tested using MannWhitney U-test. Ang1: Angiopoietin 1; Ang2: Angiopoietin 2.

Ang1
Ang2
Ang2/Ang1

0.4

AUC
0.734
0.761
0.810

0.2

[38]

concur with those of Vespasiani-Gentilucci et al who
reported a close relationship between fibrosis stage
and peripheral levels of Ang1 and Ang2. Therefore, all
these data highlight the useful role of these angiogenic
factors as non-invasive markers of CHC progression.
Furthermore, although ROC analysis revealed high
accuracy of both, Ang1 and Ang2, (AUC-ROC > 0.7) to
identify cirrhosis, Ang2/Ang1 ratio displayed the highest value of AUC-ROC (0.810) and showed valuable
sensitivity and specificity for the diagnosis of cirrhosis.
In addition, it must be pointed out that Ang2/Ang1
ratio displays similar or superior precision than other
proposed tests (AAR, APRI, FIB4, FI, and FCI). In spite
the initial outstanding performance of recently defined
index, enhanced liver fibrosis (ELF), which combines
several variables (hyaluronic acid, tissue inhibitor of
matrix metalloproteinases-1, and amino-terminal prope
[41]
ptide of type Ⅲ procollagen , the limited sample
size of cirrhotic patients in that cohort (n = 29) could
[42]
lead to overestimate its diagnostic potential . Indeed,
angiopoietins ratio displays better AUC-ROCs for cir-
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0.6

0.0

0.0

0.2

0.4
0.6
1 - Sensitivity

0.8

1.0

Figure 2 The receiver operating characteristic curve analysis on the
abilities of Ang1, Ang2 and the Ang-2/Ang-1 ratio to diagnose. Significant
fibrosis (F > 1) (A), advanced fibrosis (F > 2) (B) and cirrhosis (F > 3) (C) in
patients with chronic hepatitis C. Ang1: Angiopoietin 1; Ang2: Angiopoietin 2.

rhosis identification when ELF is analyzed in a larger
cohort of patients (0.81 vs 0.78). Finally, it must be
noted that Ang2/Ang1 is also simplier and cheaper
than other costly and undisclosed procedures such as
[43,44]
FibroTest
.
Taken together, these findings suggest that Ang2/
Ang1 ratio might constitute a useful minimally invasive
indicator of cirrhosis in CHC patients, which could notably help clinical decision-making during patient followup. However, the application of this novel biomarker in
clinical practice might benefit from further validation.
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Table 3 Accuracy of angiopoietins to discriminate significant fibrosis (F > 1), advanced fibrosis (F > 2) and cirrhosis (F > 3) in
chronic hepatitis C patients
AUC-ROC
(95%CI)
F>1
Ang1
Ang2
Ang2/
Ang1
F>2
Ang1
Ang2
Ang2/
Ang1
F>3
Ang1
Ang2
Ang2/
Ang1

Criterion

Se

95%CI

Sp

95%CI +LR 95% CI -LR 95%CI +PV

0.650
≤ 54337.63 60.58% 51.9-68.8 69.05% 52.9-82.4 1.96
(0.575 -0.720)
0.664
> 4041.67 49.64% 41.0-58.3 83.33% 68.6-93.0 2.98
(0.589-0.732)
0.724
> 7.162
57.66% 48.9-66.1 78.57% 63.2-89.7 2.69
(0.652- 0.788)

95%CI

-PV 95%CI Cost

ACC

1.2-3.1

0.57

0.4-0.8

64.40 52.9-74.7 65.5 55.2-74.8 0.35 65.00%

1.5-6.0

0.60

0.5-0.7

73.30 60.1-84.1 64.2 55.0-72.7 0.33 67.20%

1.5-4.9

0.54

0.4-0.7

71.30 59.2-81.5 66.8 57.1-75.5 0.32 68.50%

0.635
≤ 47573.25 49.3% 37.2-61.4 75.93% 66.7-83.6 2.05
(0.560-0.705)
0.712
> 4256
60.56% 48.3-72.0 76.85% 67.8-84.4 2.62
(0.639-0.777)
0.740
> 9.262
56.34% 44.0-68.1 85.19% 77.1-91.3 3.80
(0.669-0.802)

1.4-3.1

0.67

0.5-0.9

41.80 28.7-55.9 81.0 73.0-87.5 0.31 69.00%

1.8-3.9

0.51

0.4-0.7

47.90 34.7-61.3 84.7 77.0-90.6 0.27 72.60%

2.3-6.2

0.51

0.4-0.7

57.20 41.7-71.7 84.7 77.5-90.4 0.22 77.70%

0.734
≤ 47573.25 70.97% 52.0-85.8 73.65% 65.8-80.5 2.69
(0.663-0.797)
0.761
> 4256
74.19% 55.4-88.1 69.59% 61.5-76.9 2.44
(0.691-0.821)
0.810
> 10.33
70.97% 52.0-85.8 84.46% 77.6-89.9 4.57
(0.744- 0.864)

1.9-3.8

0.39

0.2-0.7

37.90 25.9-51.2 91.8 85.3-96.1 0.27 73.20%

1.8-3.4

0.37

0.2-0.7

35.60 24.5-48.1 92.2 85.6-96.5 0.30 70.40%

2.9-7.1

0.34

0.2-0.6

50.90 35.8-65.9 92.8 87.0-96.5 0.18 82.00%

Youden index criterion. AUC-ROC: Area under the curve of receiver operator characteristics; Se: Sensitivity; Sp: Specificity; +LR: Positive Likelihood
ratio; -LR: Negative Likelihood ratio; +PV: Positive predictive value; -PV: Negative predictive value; ACC: Accuracy, n = 179 chronic hepatitis C; Ang1:
Angiopoietin 1; Ang2: Angiopoietin 2.
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Table 4 Comparisons among area under the curve of receiver
operator characteristics from angiopoietin-2/angiopoietin-1
ratio and other non-invasive cirrhosis indices
Indices
Cirrhosis
Ang2/Ang1
AAR
APRI
FIB4
FI
FCI

AUC-ROC (95%CI)

Standard error

P value

0.810 (0.744-0.864)
0.643 (0.568-0.713)
0.887 (0.831-0.930)
0.858 (0.798-0.906)
0.805 (0.737-0.861)
0.750 (0.677-0.813)

0.040
0.050
0.025
0.031
0.047
0.053

0.010
0.106
0.349
0.995
0.372

Several biomarkers have been investigated to predict liver cirrhosis in patients
with CHC; however, few studies have evaluated the usefulness of angiogenic
factors to identify cirrhosis in these patients despite angiogenesis often concurs
with liver fibrosis.

Innovations and breakthroughs

This study shows that the peripheral value of angiopoietin-2 (Ang2)/angiopoitein-1
(Ang1) was significantly associated with liver fibrosis in patients with CHC,
highlighting its potential as novel biomarker for the non-invasive diagnosis of
liver fibrosis.

Applications

The laudable discriminatory accuracy displayed by Ang2/Ang1 for fibrosis
staging might replace other complex and expensive test for monitoring CHC
progression.

Two-sided P values by De Long test. AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; AAR: AST to ALT ratio; APRI: Aspartate
aminotransferase-to-platelet ratio index; FIB4: Combination of biochemical
values (platelets, ALT, AST) and age; FI: Fibrosis index; FCI: Fibrosiscirrhosis index; AUC-ROC: Area under the curve of receiver operator
characteristics; Ang1: Angiopoietin 1; Ang2: Angiopoietin 2.

Terminology

The unbalance between Ang1 and Ang2 is present in many tumors such as
HCC as well as in diverse chronic liver diseases underlining their potential
pathogenic role and their impact as targets for therapeutic intervention.
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Abstract
AIM
To investigate the possible involvement of transient
receptor potential vanilloid 1 (TRPV1) in maturation of
enteric glial cells (EGCs).
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METHODS
Immunohistochemical and immunocytochemical techni
ques were used to analyze EGC markers in myenteric
plexus (MP) as well as cultured MP cells and EGCs
using TRPV1 knockout (KO) mice.
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RESULTS
We detected TRPV1-immunoreactive signals in EGC in
the MP of wild-type (WT) but not KO mice. Expression
of glial fibrillary acidic protein (GFAP) immunoreactive
signals was lower at postnatal day (PD) 6 in KO mice,
though the difference was not clear at PD 13 and PD
21. When MP cells were isolated and cultured from
isolated longitudinal muscle-MP preparation from WT
and KO mice, the yield of KO EGC was lower than
that of WT EGC, while the yield of KO and WT smooth
muscle cells showed no difference. Addition of BCTC, a
TRPV1 antagonist, to enriched EGC culture resulted in a
decrease in the protein ratio of GFAP to S100B, another
EGC/astrocyte-specific marker.

cells for neurons. However, emerging evidence has
elucidated their regulatory role in a wide array of GI
[6]
physiological aznd pathophysiological processes ,
[7,8]
[9-11]
including neurotransmission , motility
, and in
[8]
[12,13]
flammation , as well as in secretory/absorptive
,
[8,14-16]
[17]
barrier
and repair
functions of the intestinal
[18]
epithelium and host defense against pathogens .
Transient receptor potential vanilloid receptor 1
(TRPV1) is a nonselective cation channel activated
by exogenous plant-derived vanilloid compounds
such as capsaicin and resiniferatoxin, as well as by
endogenous membrane-derived lipid endocannabinoids
such as anandamine, 2-arachidonoyl-glycerol and
[19]
N-arachidonoyl-dopamine . Moreover, TRPV1 is
known to be a transducer channel activated by high
temperature, low pH and mechanical/osmotic stimuli.
Although attention has been directed mainly to sensory
neurons as the site of TRPV1 localization, TRPV1 ex
pression has been detected in non-neuronal tissues/
cells, including keratinocytes of the epidermis, bladder
urothelium, smooth muscles, liver, polymorphonuclear
[19]
granulocytes, mast cells and macrophages .
TRPV1 has been reported to be present in astrocytes
[20]
[21]
[22]
in brain , spinal cord
and retina , and possibly
[23]
[24]
to be involved in glial activation , cell migration ,
[25]
amyloid-β-induced inflammation
and traumatic brain
[26]
injury . However, it is unknown whether TRPV1 is
present and functional in enteric glia. In the present
study, using TRPV1-deficient [knockout (KO)] mice
and an acid-ethanol fixation protocol, specific TRPV1immunoreactive (TRPV1-IR) signal was detected in wildtype (WT) EGC. In addition, the possible involvement of
TRPV1 in the differentiation of EGC was investigated.

CONCLUSION
These results address the possibility that TRPV1 may
be involved in the maturation of EGC, though further
studies are necessary to validate this possibility.
Key words: Enteric glial cells; Enteric nervous system;
Glial fibrillary acidic protein; S100B; Smooth muscle
cells
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report that immunosignals of glial fibrillary
acidic protein (GFAP) in myenteric ganglia in transient
receptor potential vanilloid 1 (TRPV1) knockout (KO)
mice are weaker than in wild-type mice in the early
postnatal period, suggesting the possibility that
the maturation of enteric glial cells (EGCs) might
be retarded at least temporally in TRPV1 KO mice.
Accordingly, in in vitro culture of isolated myenteric
plexus cells/EGCs suggest that GFAP expression is
affected by gene KO and an antagonist to TRPV1. The
expression and function of TRPV1 in EGC merits further
investigation.

MATERIALS AND METHODS
Antibodies

Details of the primary antibodies used in the present
study are shown in Table 1. The specificity of antiTRPV1 antibodies is presented in Supplementary
Figures S1 and S2. The secondary antibodies used
were FITC-labeled donkey anti-mouse IgG antibody
and Cy3-labeled donkey anti-rabbit IgG (Jackson
ImmunoResearch, West Grove, PA, United States) for
intestinal tissues and Alexa488-conjugated goat antimouse antibody and Alexa568-conjugated goat antirabbit antibody (Molecular Probes, Eugene, OR, United
States) for isolated longitudinal muscle layer-myenteric
plexus (LM-MP) and cultured cells.

Yamamoto M, Nishiyama M, Iizuka S, Suzuki S, Suzuki N,
Aiso S, Nakahara J. Transient receptor potential vanilloid
1-immunoreactive signals in murine enteric glial cells. World J
Gastroenterol 2016; 22(44): 9752-9764 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i44/9752.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9752

INTRODUCTION
The enteric nervous system (ENS), an integrative
neuronal network that resides within the gut wall,
autonomously controls gastrointestinal (GI) motility,
secretion and blood flow without major inputs from the
[1,2]
brain . The ENS is composed of two main cell types,
neurons and enteric glial cells (EGC), the latter being
[3-5]
several fold more abundant than neurons
. EGC
share many phenotypical features with astrocytes,
and were long believed to function mainly as support

WJG|www.wjgnet.com

Animals

C57Bl/6 mice were from Charles River Laboratories
Japan Inc. (Kanagawa, Japan). TRPV1-deficient
(B6.129X1-Trpv1<tm1Jul>/J) mice originally obtained
from Jackson Laboratories (Bar Harbor, ME, United
States) were maintained at Charles River Laboratories
Japan Inc. and transported to the animal facilities of
Tsumura Laboratories on gestational day 14 (dams, 1
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Table 1 Summary of the primary antibodies used in this study
Antibody

Provider

Source and type

Product/clone number

Bios

Rabbit polyclonal

bs-1931R

LifeSpan

Mouse monoclonal

GFAP

BD

Mouse monoclonal

PGP9.4

DAKO
CST
Abcam

Rabbit polyclonal
Mouse monoclonal
Guinea pig serum

S100β
αSMA

Proteintech
Novus

Rabbit polyclonal
Rabbit monoclonal

TRPV1

Immunogen

Usage

a.a.825-835 of human TRPV1
Figures 1-3, Suppl. Figure 1
(EDAEVFKDSMAPGEK)
LS-C122800
a.a. 819-835 of rat TRPV1
Figure 6, Figure 7, Suppl. Figure 1
(CGSLKPEDAEVFKDSMVPGEK)
cocktail of 4A11, 1B4 and cow spinal cord homogenate (4A11, 1B4)
Figures 1-3, Suppl. Figure 1
2E1
or human /bovine GFAP (2E1)
Z0344
isolated GFAP from cow spinal cord
Figure 6, Figure 7
GA5
isolated GFAP from pig spinal cord
Suppl. Figure 2
ab10410
a.a. 175-191 of human PGP9.5
Figure 6, Figure 7
(GASSEDTLLKDAAKVCL)
15146-1-AP
recombinant human S100β
Figure 7, Figure 8, Suppl. Figure 3
E184
synthetic peptides corresponding to
Suppl. Figure 2
N-terminus (human)

The negative controls of immunostaining performed in this study are shown in Supplementary Figure S6. Corresponding sequence of mouse TRPV1:
TGSLKPEDAEVFKDSMAPGEK. The amino acid underlined is different from rat and the amino acid double-underlined is different from human. TRPV1
KO mice used in the present study preserved this sequence but the signal of immunohistochemistry in KO mice is faint, even in case detected, compared to
that in WT mice, in the same staining and signal development protocols on the same slide on which the specimens from KO and WT mice were mounted
together. Similar observations have been reported by Yamada et al, J Histochem Cytochem 2009; 57: 277-287.

dam per cage) or at the age of 7 wk (adult males, 4
mice per cage). The animals were allowed free access
to water and standard laboratory food, and were
housed at a temperature of 23 ± 2 ℃ with relative
humidity of 55% ± 10%, and a 12:12-h light/dark
cycle (with lights on from 07: 00 to 19: 00 daily).
All experimental procedures were performed
according to the Guidelines for the Care and Use of
Laboratory Animals of Tsumura & Co. Ethical approval
for the experimental procedures used in this study was
obtained from the Laboratory Animal Committee of
Tsumura & Co. All animal procedures were conducted
in accordance with the National Institutes of Health
Guide for the Care and Use of Laboratory Animals.

samples were collected as described above.

Immunohistochemistry of intestinal tissue sections

Ten μm-thick frozen sections were incubated in
phosphate-buffered saline (PBS) for 10 min at room
temperature, and then incubated with a mixture of
primary antibodies overnight at 4 ℃. After a thorough
wash with PBS, sections were incubated with a mixture
of secondary antibodies with nuclear counterstain (TOPRO3; Molecular Probes) for 1 h at room temperature,
washed and finally mounted with Vectashield (Vector,
Burlingame, CA, United States). Sections were
observed and digital images were recorded with a
confocal laser scanning microscope (C-1; Nikon, Tokyo,
Japan).

Sample collection

IHC of whole-mount preparation of LM-MP

For the preliminary screening, 2 TRPV1-deficient
(KO) and 2 C57/Bl6 WT dams were used. A total of
2 pups (each pup isolated from different dams) were
randomly selected and sacrificed at each time point for
both the KO and WT groups. Samples were collected
on the day of birth (PD 0) and at around postnatal
day 10 (PD 10-12), 20 (PD 20-21), 30 (PD 30-33), 60
(PD 61-62) and 90 (PD 91-92). After anesthesia with
isoflurane, animals were transcardially perfused with
ice-cold normal saline followed by ice-cold acid-ethanol
solution (a mixed solution of ethanol and acetic acid at
a ratio of 20:1 v/v) to fix the tissues. Large and small
intestines (LI and SI, respectively) were dissected and
further fixed in acid-ethanol solution overnight at 4 ℃,
then cryoprotected and embedded in O.C.T. Compound
(Sakura Finetech, Tokyo, Japan) for frozen sectioning
according to standard procedures. For the confirmation
analysis, 6 KO and 6 WT dams were used. A total of
6 pups (each pup isolated from different dams) were
sacrificed at PD 6, PD 13 and PD 21. Intestinal tissue

WJG|www.wjgnet.com

LI segments were isolated from 5-wk-old mice and
the LM-MP was peeled off. The peeled LM-MPs were
stretched taut, pinned flat to a silicone ring and fixed
with ice-cold acetone for 30 min. After fixation, each
preparation was washed 3 times for 10 min each in
PBS. The preparations were placed in Superblock
(Thermo Fischer Scientific, Rockford, IL, United States)
containing 0.3% Triton X-100 overnight at 4 ℃. The
preparations were then placed in a mixture of primary
antibodies diluted in antibody diluent (DAKO Japan,
Tokyo, Japan) overnight at 4 ℃. After removal from the
primary antibody, the tissues were rinsed 3 times for
10 min per rinse with PBS and then incubated with a
mixture of the relevant secondary antibodies overnight
at 4 ℃. After a final set of rinses, the preparations
were mounted on microslides and coverslipped with
Prolong Gold antifade reagent (Molecular Probes). The
slides were observed using confocal laser microscopy
FV-100D (Olympus, Tokyo, Japan).
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Co-culture of myenteric plexus cells and smooth muscle
cells

incubated in a mixture of the relevant secondary
antibodies (1:1000; Molecular Probes) for 60 min at
room temperature. For TRPV1-staining, biotin-labeled
anti-mouse IgG (BD Biosciences) and streptavidinconjugated Alexa Fluor 647 (Molecular Probes) were
used to amplify the signal intensity. Nuclei were stained
with 2-(4-amidinophenyl)-1H-indole-6-carboxamidine
(DAPI; Life Technologies, Carlsbad, CA, United States).
The cells were visualized, photographed and analyzed
using Celaview RS100 (Olympus) or Image Xpress
(Molecular Probes) cell imaging systems.

We prepared MPC/SMC mixture from SI, because a
far smaller number of MPC/SMC were obtained from
LM-MP of LI, presumably due to the short length of
the LI tract and inefficient cellular liberation from the
tissue. SI segments were isolated from 5-wk-old WT
and KO mice, and the LM-MP was peeled off. LM-MP
was digested in digestion buffer containing 0.1% type
II collagenase and 0.1% soybean trypsin inhibitor
(Sigma-Aldrich, St. Louis, MO, United States) at 31
℃ for 30 min. The buffer was then replaced with new
digestion buffer and the mixture incubated at 31 ℃
for an additional 30 min. The remaining tissue pieces
were dissociated by mechanical shearing through
micropipette tips. The cells were spun down at 200 g
for 5 min and suspended in HuMedia-SG2 (Kurabo,
Osaka, Japan). The cells were plated in type IVcollagen coated plates (BD Biosciences, San Jose,
CA, United States). The medium was replaced on
the next day, which led to discarding of almost all of
the cells. The remaining attached cells, which were
round and small, began to proliferate discernibly by
around day 3. The cells were cultured for an additional
8 d. A representative image of the cells is shown in
Supplementary Figure S3. Analysis by phase-contrast
microscopy showed no apparent difference in the
number and appearance of the cells between cultures
derived from WT and KO mice.

Imaging analysis for IHC

In IHC from intestinal sections, the green fluorescence
of glial fibrillary acidic protein (GFAP) in MP was
detected and quantitated using Image J image analysis
software (version 1.40g; National Institute of Health,
Bethesda, MD, United States, http://rsbweb.nih.gov/
[28]
ij/) . The fluorescence intensity was normalized to
the circumferential length of the intestinal tract.

Imaging analysis for MPC and SMC co-culture system

The MPC and SMC co-culture system contained a large
number of α smooth muscle actin (αSMA)-positive
+
cells (i.e., SMC) and a small population of GFAP
+
cells and GFAP αSMA cells. Virtually no PGP9.5 cells
were detected. After eliminating GFAP αSMA cells by
+
+
imaging analysis, αSMA SMC and GFAP cells were
easily distinguished by DAPI fluorescence; SMC have
large nuclei with weak DAPI staining and EGC have
small nuclei with bright DAPI staining (Supplementary
Figures S3 and S4). We counted the number of small
bright nuclei and large dim nuclei separately by setting
the gate for size and brightness of the nucleus image
(Supplementary Figure S4). The number of eliminated
+
cells was then counted. The percentage of GFAP cells
and SMC was defined as the ratio of the number of the
cells in the respective populations to the total number
of total MPC (DAPI-stained cells).

Enriched EGC culture

Co-culture of myenteric plexus cells and smooth
muscle cells (SMCs) was initiated as described in the
previous section. On day 5 of the co-culture, the cells
were trypsinized, washed and labeled with anti-NGF
[27]
receptor p75 rabbit polyclonal antibody for 5 min on
ice. The cells were then washed and incubated with
biotinylated anti-rabbit IgG antibody (BD Biosciences)
for 5 min on ice. The cells were subsequently washed
and mixed with magnetic beads conjugated with
streptavidin. MACS system (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany) was used to enrich
NGF-receptor p75-positive cells, which are derived
from the neural crest. The cells were plated on poly-Dlysine-coated plate and cultured for an additional 6 d.
Enriched EGC culture was performed using WT mice
only, because the culture protocol has been found
to be inapplicable to KO mice (the resultant culture
contained only a trace number of surviving cells).

Imaging analysis for enriched EGC culture

In enriched EGC culture, the majority of SMCs was
eliminated and most cells (> 90%) were stained
with anti-GFAP, anti-S100B, or both antibodies. GFAP
was stained with mouse monoclonal antibody and
visualized with Alexa488-conjugated anti-mouse IgG.
S100B was stained with rabbit polyclonal antibody
and visualized with Alexa568-conjugated anti-rabbit
IgG using Celaview (Supplementary Figure S5). For
quantitation of fluorescence, we used a different laser
source with a different wavelength (excitation wave
lengths of 488 and 568 nm, respectively) through
different band path filters under different exposure
settings optimal for each fluorescence. Therefore, it
was not possible to directly compare the fluorescence
intensity values that had been obtained using different
methods and measuring rules. As a result, in this
analysis, we measured the fluorescence of GFAP and

Immunocytochemistry (IHC) for enriched EGC cultures

The cells were fixed with 4% phosphate-buffered
paraformaldehyde for 15 min. The cells were then
washed twice with PBS and permeabilized in 0.3%
Triton-100 in PBS for 15 min. After being rinsed with
PBS, sections were incubated overnight in a mixture
of the primary antibodies, after which the cells were

WJG|www.wjgnet.com
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GFAP

TRPV1

Merged

TRPV1

GFAP

Merged

TRPV1

PGP9.5

Merged

WT-LI

KO-LI

Figure 3 Double-immunostaining with TRPV1 and GFAP or PGP9.5
of large intestine longitudinal muscle layer-myenteric plexus of wildtype mice. LM-MP was isolated from 5-wk-old mice and whole-mount
immunohistochemistry was performed as described in Materials and Methods.
TRPV1 stained both cell bodies and fibers, while GFAP stained mainly fibers
and some portions of their IR signals were co-localized. Co-localization of
PGP9.5 and TRPV1-IR signals was not observed. Nuclei were stained with
DAPI. Representative data from 2 experiments using 2 mice per time point
are shown. Scale bar represents 50 μm. TRPV1: Transient receptor potential
vanilloid 1; GFAP: Glial fibrillary acidic protein; LM-MP: Longitudinal muscle
layer-myenteric plexus; WT: Wild-type.

WT-SI

KO-SI

S100B separately comparing the BCTC-treated wells
and control wells. These cells had been isolated from a
single preparation and dispensed into the wells at the
same density.

Figure 1 Double-immunostaining with GFAP and TRPV1 of small and large
intestines of wild-type and transient receptor potential vanilloid 1-deficient
mice. The degree of GFAP-IR signal observed in the enteric nervous system
was similar in WT and KO mice. TRPV1-IR signal was observed only in WT
mice and was located in a confined area of the smooth muscle layer. Nuclei
were stained with TO-PRO3. Representative data from 2 experiments using 2
mice per time point are shown. Scale bar represents 200 μm. TRPV1: Transient
receptor potential vanilloid 1; SI: Small intestine; LI: Large intestine; WT: Wildtype; KO: Knockout; GFAP: Glial fibrillary acidic protein.

GFAP

TRPV1

Statistical analysis

Data are expressed as mean ± SEM. Unpaired Stu
dent’s t-test was used to analyze differences between
2 groups. For comparison among 3 groups, the
Dunnett test was performed. P < 0.05 was considered
to indicate a significant difference.

Merged

RESULTS

LI

Expression of TRPV1 and GFAP was analyzed in LI and
SI, of WT and KO young adult mice, by IHC (Figure 1).
While a similar level of GFAP-IR signals was detected
in both WT and KO mice, TRPV1-IR signal was abo
lished in KO mice. Several antibodies against TRPV1,
including both monoclonal and polyclonal antibodies,
gave essentially the same result (2 examples of which
are shown in Supplementary Figures S1 and S2). In
magnified view, TRPV1-IR signals were detected in a
+
population of GFAP cells (i.e., EGC) mainly within the
MP in both LI and SI (Figure 2). These data suggest
that, at least some fractions of type Ⅰ (intraganglionic)
[5]
and/or type Ⅱ (interganglionic) EGC in the MP
express TRPV1. The observation was further supported
by high magnification IHC using isolated LM-MP. As
shown in Figure 3, TRPV1-IR signal co-existed with
GFAP-IR signals but not with the enteric neuron marker
PGP9.5-IR.
To investigate the functional role of TRPV1 in the

SI

Figure 2 Enlarged view of GFAP/TRPV1-stained small intestine and large
intestine of wild-type mice. Certain parts of Figure 1 were magnified. GFAP
is located in the myenteric plexus, submucosal plexus and fibrous structures
penetrating into the circular muscle layer and mucosal layer (in WT LI, the
serosal membrane was also stained with GFAP; however, serosal membrane
is known to show false-positive immunosignals with various antibodies).
The location of the TRPV1-IR signal coincided with some portions of the
GFAP-IR signal in the myenteric plexus. Nuclei were stained with TO-PRO3.
Representative data from 2 experiments using 2 mice per time point are shown.
Scale bar represents 50 μm. GFAP: Glial fibrillary acidic protein; TRPV1:
Transient receptor potential vanilloid 1; SI: Small intestine; LI: Large intestine;
WT: Wild-type.
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P6

P13

PD 13 nor PD 21 (Figures 4 and 5).
To obtain information about the possible influence
of TRPV1 on EGC, we subsequently performed experi
ments using a co-culture system with MPC and SMC.
Expression of GFAP and αSMA protein started at
around culture day 5. At the end of the culture period,
as described in Materials and Methods, most of the
+
+
cells were αSMA SMC and the remainder was GFAP
cells and αSMA GFAP cells. The results are in good
[29-32]
accordance with those of previous studies
.
Using the same digestion solution and preparation
procedure as described above, cells were prepared from
LM-MP of WT and KO mice simultaneously. The cells
+
were cultured for 11 d and the number of αSMA SMC,
+
GFAP cells and αSMA GFAP cells was counted and
represented as the ratio of the number of each cell
population to the total cell number. The experiment was
repeated 4 times; the results are summarized in Figure
+
6. The yield of GFAP cells was significantly lower in KO
than WT mice, while the yield of SMC was not.
Enriched EGC were prepared from the 5-d cocultures as described in the Materials and Methods,
and the resultant culture contained EGC as the major
cell population and a smaller population of SMC. The
IHC results for the enriched EGC culture are shown in
+
Figure 7. TRPV1-IR signal was present in GFAP and/or
+
+
S100B cells but not in αSMA cells.
Finally, we examined the effect of the TRPV1
agonist capsaicin and the TRPV1 antagonist BCTC
on the expression of glial markers in enriched EGC
cultures (Figure 8). GFAP-IR signals, but not S100BIR signals, were significantly decreased by BCTC at 3
μmol/L. Capsaicin at concentrations of 33, 100, 3000
and 10000 nmol/L had no effect (data not shown).

TWT-LI

KO-LI

WT-SI

KO-SI

DISCUSSION
Many researchers have reported the presence of
functional TRPV1 in the sensory nerves of the GI
[33-36]
tract
and some have also reported its presence in
[37-39]
intrinsic enteric nerves of the MP
. It is controversial
as to whether TRPV1 exists in GI structures other than
extrinsic nerves, apart from in infiltrating inflammatory
[40,41]
cells
. The immunostaining pattern shown in the
[37-39]
present study resembled that of previous studies
,
demonstrating TRPV1-IR signals in intrinsic enteric
nerves of the MP of guinea pig SI and LI. Thus, to
our knowledge, our study is the first and only report
addressing the possible presence of TRPV1 in EGC.
The specificity of the antibodies used in this study was
validated using TRPV1 KO mice (Figures 1 and 2) and
recombinant TRPV1-expressing cells (Supplementary
Figure S2). There are several possible reasons for the
apparent discrepancies between our results and those
of previous studies.
Firstly, the different antibodies may specifically
[39]
detect different forms of TRPV1 protein. Buckinx et al

Figure 4 Difference of glial fibrillary acidic protein immunosignals
between wild-type and knockout mice (image). Large intestine (LI) and small
intestine (SI) samples were isolated from WT and KO mice on postnatal day (PD)
6 and PD 13. While the GFAP-IR signal was similar in WT and KO mice on PD
13, the signal on PD 6 was weaker in KO mice than in WT mice, both in SI and
LI. Nuclei were stained with TO-PRO3. Representative data of an experiment
using 6 mice per each time point/group. Scale bar represents 500 μm. GFAP:
Glial fibrillary acidic protein; WT: wild-type; KO: Knockout.

postnatal development of EGC, we screened a series
of LI and SI samples both from WT and KO mice at
various postnatal days ranging from PD 0 to PD 92
by visual inspection. Only the samples obtained at PD
5 showed an apparent difference in GFAP-IR signals
between WT and KO mice. Accordingly, image analysis
was used to quantitate GFAP-IR signals at PD 6, PD 13
and PD 21 in WT and KO mice (n = 6 per time point).
The results revealed that GFAP-IR signals at PD 6 were
significantly weaker in KO mice than in WT, both in LI
and SI; however, this difference was not observed at
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Figure 5 Difference in glial fibrillary acidic protein-IR signals between wild-type and knockout mice. The intensity of GFAP-IR signal for WT and KO mice
on postnatal day (PD) 6, PD 13 and PD 21 was quantitated by imaging analysis as described in Materials and Methods. The amount of GFAP-IR fluorescence was
normalized to the circumferential length of the intestinal tract. Data represent mean ± SEM, n = 5-6. bP < 0.01. GFAP-IR: Glial fibrillary acidic protein; WT: Wild-type;
KO: Knockout.
MPC 5

b

SMC 100
80
% of total cells

% of total cells

4
3
2

60
40

1
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0

0

Figure 6 Specific decrease in the number of myenteric plexus cells in knockout mice. The cells were prepared from longitudinal muscle layer-myenteric plexus
(LM-MP) of wild-type (WT) and KO mice simultaneously, using the same digestion solution in a single preparation. After 11-d culture, the numbers of α smooth
muscle actin (αSMA)+ smooth muscle cells (SMCs), glial fibrillary acidic protein (GFAP)+ cells and αSMA-GFAP- cells were determined as described in Materials and
Methods. Nuclei were stained with DAPI. The percentage of GFAP+ cells and SMCs was calculated as the ratio of the number of each cell population to the number of
total DAPI+ cells. The yield of enteric glial cells (EGCs, GFAP+ cells) in KO mice was significantly lower than that in WT mice, while the number of SMCs obtained was
similar for both types of mice. Data represent mean ± SEM, n = 4. bP < 0.01. KO: Knockout.

have reported that a guinea pig and a rabbit antibody
raised against slightly different regions of the C-terminus
of mouse TRPV1 yielded different staining patterns;
i.e., the former stained cytosolic IR signals and the
latter stained fibrous IR signals. The antibodies used
in the present study appeared to stain both cell
bodies and fibers. TRPV1 protein is suggested to be
present and functional in the cell membranes as well
as intracellular organelles such as the endoplasmic
[42-48]
reticulum, Golgi bodies and mitochondria
. These

WJG|www.wjgnet.com

different staining patterns might therefore result
from conformational differences between intracellular
and plasmalemmal TRPV1. Differences in interacting
molecules also influence epitope recognition by anti
bodies. It should be noted the C-terminal region of
TRPV1 contains several modulatory regions, such as
phosphorylation sites and binding sites for calmodulin
[49,50]
and phosphatidylinositol 4,5-bisphosphate
.
Secondly, we used acid ethanol fixation while the
above-mentioned studies used methanol, Zamboni’s
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S100B

GFAP

aSMA

TRPV1

TRPV1

TRPV1

S100B

GFAP

aSMA

TRPV1

TRPV1

TRPV1

S100B

GFAP

aSMA

TRPV1

DAPI

TRPV1

DAPI

TRPV1

DAPI

Figure 7 Immunostaining of transient receptor potential vanilloid 1 in enriched enteric glial cell culture. EGCs were isolated and cultured as described in
Materials and Methods. The cells were labeled with antibodies to glial fibrillary acidic protein (GFAP), S100B or smooth muscle cell (SMC). The cultures contained
many EGCs and a small percentage of SMCs. The location of TRPV1-IR signal coincided with that of the GFAP-IR signal and the S100B-IR signal, but not with that of
the αSMA-IR signal. Nuclei were stained with DAPI. Scale bar represents 20 μm. TRPV1: Transient receptor potential vanilloid 1; EGC: Enriched enteric glial cell.

mainly fibrous astrocytes in brain white matter after
acid-alcohol fixation, while protoplastic astrocytes are
detected in brain grey matter after aldehyde-based
[51]
fixation . Comparison of the intensity of IHC with

and paraformaldehyde fixation. IHC of certain glial
proteins has been known to provide different results
depending on the fixation procedure. For example,
certain anti-GFAP antibodies were reported to detect
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A

Fluorescence/cells

30

Fluorescence/cells

a

20
10
0

B

TRPV1-IR did not co-localize with PGP9.5 and NeuN in
cell bodies of the MP. We found immunohistochemically+
stained TRPV1 GFAP areas in the LM-MP. Because
the GFAP antibody appeared to mainly stain fibrous
+
structures inside the cells, the TRPV1 GFAP area could
represent EGCs. However, it is possible that these
areas are contained in structures other than EGCs.
Extensive research, including studies on cellular and/or
intracellular TRPV1-mediated calcium mobilization in
these cell types, will be needed to clarify these issues.
TRPV1 has been reported to be expressed by
[21]
astrocytes in mouse spinal cord , in mouse, rat and
[20,23,55]
[22]
human brain
, in rat retina , and in in vitro
[56]
cultured rat astrocytes . Treatment with the TRPV1
agonist resiniferatoxin was reported to increase Fos
expression by astrocytes in mouse brain. Furthermore,
injection of capsaicin, another TRPV1 agonist, led to
an increase in markers for microglia (ionized calciumbinding adapter molecule 1, Iba1) as well as astrocytes
(GFAP) in the dorsal horn of the spinal cord after
adjuvant-induced arthritis or partial sciatic nerve
[23]
[57]
ligation , and in the trigeminal nucleus caudalis .
Treatment with TRPV1 antagonist decreased the
migration of reactive astrocytes isolated from the
[24]
wounded retina . These data suggest that TRPV1
stimulation resulted in the activation of astrocytes and,
presumably, microglia. TRPV1 in astrocytes has also
been suggested to be involved in the pathogenesis
and epileptogenesis of human mesial temporal lobe
[55]
epilepsy . These reports suggest that TRPV1 in
astrocytes is functional and plays certain roles in
astroglial biology.
In the present study, firstly, TRPV1 KO mice showed
weaker GFAP-IR signals only at PD 6, but not at PD 13
nor PD 21. Secondly, the number of GFAP-expressing
cells developed from the isolated MPC was significantly
lower in TRPV1 KO mice than in WT mice. Thirdly, treat
ment of isolated WT MPC with the TRPV1 antagonist
BCTC resulted in a decrease in the expression ratio
of GFAP to S100B; the latter is another frequently[58]
used EGC/astrocyte-specific marker . S100B is a
2+
2+
diffusible Ca /Zn -binding protein that is considered
to be a “janus face” neurotrophin for neuron and
[59]
astrocytes and to act as a proinflammatory cytokine
involved in gut inflammation with specific relevance to
[60]
nitric oxide production . It has been speculated that
the intensity and differential intracellular localization
of GFAP-IR and S100B-IR signals is related to the
degree of differentiation and/or functional diversity
[39,61-64]
of astrocytes
. These data suggest that TRPV1
signaling may interfere with GFAP expression in EGC,
at least during a certain period of EGC maturation.
Because GFAP is widely recognized as an astrocyte
differentiation marker, constituting the major inter
[65-67]
mediate filament protein of mature astrocytes
, the
present finding suggests that TRPV1 might be involved
in the differentiation/maturation of EGC. The ENS

GFAP
40

Ctrl

1 μmol/L
3 μmol/L
BCTC

Ctrl

1 μmol/L

S100B
150

100

50

0

  3 μmol/L
BCTC

Figure 8 Effect of transient receptor potential vanilloid 1 agonist/
antagonist on the signal ratio of glial fibrillary acidic protein-IR to S100BIR. Enriched enteric glial cells [EGCs; prepared from day 5 myenteric plexus
cells (MPCs) and smooth muscle cells (SMCs) co-culture] were plated and
cultured for an additional 5 d. The TRPV1 antagonist BCTC was added and
after 24 h the cells were fixed. The cells were stained with antibodies and
imaging analysis was performed using a Celaview system as described in
Materials and Methods. BCTC (3 μmol/L) decreased the GFAP-IR signal but
the S-100B-IR signal was unchanged. Data represent mean ± SEM, n = 5-8.
a
P < 0.05. TRPV1: Transient receptor potential vanilloid 1; GFAP: Glial fibrillary
acidic protein.

the amount of GFAP protein estimated by enzymelinked immunosorbent assay has suggested that
ethanol-based fixation provides better results than
[52]
aldehyde-based fixation . Vimentin in astrocytes and
[53]
Bergmann glial fibers in cattle, rabbit and rat brain ,
[54]
and P-glycoprotein in rat brain astrocytes
were also
reported to be detected only after ethanol-acid fixation.
Along these lines, in the course of our research on EGC
ontogeny, we have found that acid-ethanol fixation
provides stronger and more specific IHC for GFAP in
EGC of the mucosal and smooth muscle layers of SI
and LI.
Thirdly, it should be noted that the present data
does not exclude the possibility of the presence of
TRPV1 in enteric nerves. We did not detect the coexistence of TRPV1-IR signals with PGP9.5-IR signals,
but this might have been due to the relatively poor
sensitivity and resolution of the immunostaining
patterns of PGP9.5 in the present study. Furthermore,
previous studies demonstrating the existence of
TRPV1-IR signals in intrinsic myenteric neurons used
antibodies to choline acetyltransferase, calbindin and
[37,38]
[40]
calretinin
. Matsumoto et al
also reported that
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originates in the neural crest, which invades, proliferates
and migrates within the intestinal wall until the entire
bowel is colonized with enteric neural crest-derived
[68]
cells (ENCDCs) . After initial migration, ENCDCs
differentiate into glia and neuronal subtypes and form
a critical constituent for nervous system function.
Although little is known about mechanisms controlling
the development and differentiation of EGC, it has
been suggested that Sox-10, Lgl4, ADAM22 and bone
[4]
morphogenetic proteins are involved . GFAP appears
later at the end of the mouse embryonic stage. Cells
with functions similar to those of ENCDCs exist in the
[69,70]
bowel of adult and newborn humans and rodents
.
The present data indicate that TRPV1 might be involved
in the regulation of GFAP expression in in vitro cultured
MPC prepared from young adult animals as well as
in vivo in the early postnatal period (around PD 6).
Although the present study did not examine ENCDC
markers, methods similar to ours have been used to
obtain enteric neural stem cells for enteric neural stem
[71,72]
cell therapy
.
The following three points, however, should be
noted. Firstly, we did not examine the functions of EGC.
As reported for central nervous system astrocytes,
deletion or alteration of TRPV1 signaling might influence
EGC function. Further intensive investigation will be
needed to clarify this point. Secondly, although a normal
microenvironment around EGC can compensate for the
effect of TRPV1 deletion, at least until PD 10 in the case
of diseased intestines (e.g., due to damage of neurons,
SMCs and mucosa, the effect of TRPV1 deficiency might
be more severe because of a lack of compensatory
signals). Along these lines, we could not obtain enriched
EGC from TRPV1 KO mice as described in the Methods
section. Because enriched EGC cultures contain far
smaller numbers of SMC compared to unenriched
MPC culture, the signals from SMC may be important
for compensation. Additional studies are needed to
determine the possible effects of TRPV1 deletion on
diseased intestine, such as intestinal inflammation,
hyperalgesia after psychological or surgical stress,
and functional dysregulation (e.g., dismotility, nutrient
malabsorption and diarrhea/constipation). It is possible
that TRPV1 plays an important role in the repair/
recovery/restore stage of GI tissues. Finally, the present
study suggested the possible existence of TRPV1 in EGC
mainly by immunohistochemical/immunocytochemical
techniques. Biochemical isolation and identification of
TRPV1 protein and functional validation of TRPV1, such
2+
+
as through agonist-specific Ca influx and Na current,
are necessary to establish the existence and function of
TRPV1 in EGC.
In conclusion, a combination of IHC, immunocyto
chemistry and isolated cell culture using TRPV1 KO mice
addressed the possibility that EGCs express TRPV1 and
play a role in cell maturation. Further extensive studies
are needed to validate this possibility.
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The transient receptor potential vanilloid 1 channel (TRPV1) is a nonselective cation channel that is activated by a wide variety of exogenous and
endogenous physical and chemical stimuli, including heat, acidic condition and
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the enteric nervous system (ENS). This study explored TRPV1 expression in
mouse EGCs.

Research frontiers

Although the presence of TRPV1 in astrocytes in the central nervous system
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TRPV1-immunoreactive signal (TRPV1-IR) was detected in EGCs. The temporal
retardation of postnatal maturation of EGCs in TRPV1 knockout mice was
suggested.
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The present results address possible involvement of TRPV1 in postnatal
development/maturation of EGC. Dietary TRPV1 stimulation in the weaning
period may affect postnatal ENS development. However, the expression and
biological function of TRPV1 in EGC requires further evaluation.
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Abstract

application of linalool as a new and cost-effective cancer
therapy.

AIM
To investigate the anticancer mechanisms of the mono
terpenoid alcohol linalool in human colon cancer cells.

Iwasaki K, Zheng YW, Murata S, Ito H, Nakayama K, Kurokawa
T, Sano N, Nowatari T, Villareal MO, Nagano YN, Isoda H,
Matsui H, Ohkohchi N. Anticancer effect of linalool via cancerspecific hydroxyl radical generation in human colon cancer.
World J Gastroenterol 2016; 22(44): 9765-9774 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i44/9765.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i44.9765

METHODS
The cytotoxic effect of linalool on the human colon
cancer cell lines and a human fibroblast cell line was
examined using the WST-8 assay. The apoptosisinducing effect of linalool was measured using the
terminal deoxynucleotidyl transferase dUTP nickend labeling assay and flow cytometry with Annexin
V. Oxidative stress was investigated by staining for
diphenyl-1-pyrenylphosphine, which is a cellular lipid
peroxidation marker, and electron spin resonance
spectroscopy. Sixteen SCID mice xenografted with
human cancer cells were randomized into 3 groups for
in vivo analysis: control and low-dose and high-dose
linalool groups. The control group was administered tap
water orally every 3 d. The linalool treatment groups
were administered 100 or 200 μg/kg linalool solution
orally for the same period. All mice were sacrificed under
anesthesia 21 d after tumor inoculation, and tumors and
organs were collected for immunohistochemistry using
an anti-4-hydroxynonenal antibody. Tumor weights
were measured and compared between groups.

INTRODUCTION
Colorectal cancer is the fourth most common cause
of cancer-related deaths globally, and the number
of deaths has increased to approximately 700000
[1]
annually . Chemotherapy is an effective treatments
for colorectal cancer, but its side effects, such as hair
loss, low blood counts, hand-foot syndrome, and neuro
[2,3]
pathy, may depress the patient’s quality of life . In
[4]
addition, the current anticancer drugs are expensive .
Therefore, efforts are underway worldwide to identify
new, effective, and inexpensive anticancer compounds
with fewer side effects, and several types of natural
compounds have recently been recognized as possible
[5-9]
sources for anticancer drugs .
This study examined the anticancer effects of the
monoterpenoid alcohol linalool, which is commonly used
as a flavoring agent. Linalool is found abundantly in red
[10]
wine, essential oil of lavender, and coriander fruits .
Several studies have reported the anticancer potential
of linalool against solid tumor cell lines, such as gastric
[11]
cancer, lung cancer, skin cancer , and hepatic cancer
[12]
[13]
(HepG2) , as well as several leukemia cell lines .
Some of these studies reported that linalool also exerted
[11,13]
[12,14]
an apoptotic effect
, induced oxidative stress
,
[15]
and exhibited immunomodulation . However, the
mechanism by which linalool exerts its cytotoxic effect
[14]
has not yet been elucidated . We hypothesized that
linalool’s anticancer effects are mediated through the
cancer-specific generation of hydroxyl radical followed
by apoptosis. We investigated the cytotoxic effects of
linalool in the human colon cancer cell line HCT 116 by
analyzing the cell death mechanisms and measuring
oxidative stress.
We focused on the detection of instant reactive
oxygen species (ROS) production by using electron
spin resonance (ESR) spectroscopy. ESR is a highly
sensitive and the most definitive method for the
detection of short-lived ROS using the spin-trapping
technique, such as the hydroxyl radical, superoxide,
[16-18]
and hydroperoxyl radical
. ESR was developed in
the early 1970s, and it is often used in research of
[19-21]
ischemia-reperfusion injury
and oxidative stress
[22]
after exercise . The method is not commonly used
in cancer biology studies, but it has potential for

RESULTS
Linalool induced apoptosis of cancer cells in vitro ,
following the cancer-specific induction of oxidative
stress, which was measured based on spontaneous
hydroxyl radical production and delayed lipid pero
xidation. Mice in the high-dose linalool group exhibited
a 55% reduction in mean xenograft tumor weight
compared with mice in the control group (P < 0.05). In
addition, tumor-specific lipid peroxidation was observed
in the in vivo model.
CONCLUSION
Linalool exhibited an anticancer effect via cancerspecific oxidative stress, and this agent has potential
for application in colon cancer therapy.
Key words: Colorectal cancer; Linalool; Oxidative stress;
Electron spin resonance; Lipid peroxidation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We elucidated the anticancer mechanism of the
monoterpenoid alcohol, linalool, which induces apoptosis
specifically in cancer cells via lipid peroxidation. Electron
spin resonance (ESR) spectroscopy, which enables
the real-time visualization of free radicals in live cells,
revealed that oxidative stress developed immediately
after treatment only in cancer cells. This study demon
strated that the natural compound linalool exerted an
anticancer effect without causing serious side effects,
and that the further utilization of ESR may support the
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wide application in cancer screening and therapeutic
evaluation in the near future, because it is becoming
evident that both the ROS levels and redox signaling
can affect the phenotypic profile of cancer cells and
[23,24]
their responsiveness to therapeutic interventions
.

modified Eagle’s medium (DMEM) supplemented with
inactivated 10% fetal bovine serum and 1% penicillin/
streptomycin. All cells were cultured in a 5% CO2 cell
culture incubator at 37 ℃.
Cell viability was examined using the Cell Counting
Kit-8 (Dojindo, Kumamoto, Japan), according to the
manufacturer’s instructions. Cancer cells ware seeded in
a 96-well dish at 3000 cells/well, incubated overnight,
and incubated with different concentrations of linalool
for 24 h. The medium was replaced with the medium
containing 10% WST-8, and the cells were incubated
further for 2 h. The absorbance of each well at 450
nm was measured by a SUNRISE Rainbow microplate
reader (TECAN, Groedig, Austria).

MATERIALS AND METHODS
Drugs

Linalool (97% pure; Sigma Aldrich, St. Louis, MO,
USA), diphenyl-1-pyrenylphosphine(DPPP) (Dojindo,
Kumamoto, Japan), 5,5-dimethyl-1-pyrroline-Noxide(DMPO) (Radical Research Inc., Tokyo, Japan),
dimethyl sulfoxide (DMSO) (Wako, Osaka, Japan), and
Dulbecco’s modified Eagle’s medium (DMEM) (Wako,
Osaka, Japan) were purchased.

Apoptosis assays

The In Situ Cell Death Detection kit(Roche Diagnostics,
Basel, Switzerland) was used to detect apoptosis in
the cell culture. HCT 116 cells were seeded at 3000
cells/well onto Lab-Tek II Chamber Slides (Nalge Nunc
International, Tokyo, Japan) and incubated overnight.
Cells were incubated with linalool (0, 100 µmol/L) or 50
nM staurosporine as a positive control for 24 h. Cells
were incubated with the terminal deoxynucleotidyl
transferase-mediated dUTP nick end labelling (TUNEL)
reaction mixture according to the manufacturer’s
instructions.
A flow cytometer (Muse Cell Analyzer) and Muse
Annexin V & Dead Cell Kit (Merck Millipore, Darmstadt,
Germany) were used for quantitative analyses of live,
early and late apoptosis, and cell death in suspension
cell lines. HCT 116 cells were seeded at a density of
5
1 × 10 cells per dish (diameter, 6 cm) and incubated
overnight. Cells were incubated with different con
centrations of linalool (0, 10, 100, 1000 µmol/L) and
50 nM staurosporine as the positive control for 24 h.
Cells were prepared with Annexin V and Dead Cell
reagent according to the manufacturer’s instructions,
and the samples were evaluated using the MUSE
analyzer with the appropriate thresholds for cell size
and apoptotic profile.

Animals and xenograft tumors

Six-week-old male severe combined immune deficiency
(SCID) mice (Clea, Tokyo, Japan) were maintained
in plastic cages in a temperature-controlled room on
a 12-h light/dark cycle with free access to water and
a standard pellet diet throughout the experiment.
After an acclimation period of 7 d, the solid tumor was
6
developed by the subcutaneous inoculation of 1 × 10
HCT 116 cells on the right flank of each mouse. The
mice were divided into the following three groups:
control group (n = 5), mice treated with saline; lowdose linalool group (n = 5), mice treated with 100
mg/kg linalool; and high-dose linalool group, mice
treated with 200 mg/kg linalool (n = 6). Seven days
after tumor injection, saline, low-dose linalool, and
high-dose linalool were administered orally via gavage
every 3 d in a volume of 25 µL. All the animals were
sacrificed 21 d after tumor inoculation. The serum
levels of aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were detected. All
animal experiments were performed in a humane
manner after approval from the Institutional University
Experiment Committee of the University of Tsukuba
(protocol number: 15-254).

Lipid peroxidation test using the diphenyl-1pyrenylphosphine assay

Cell culture and viability

Human colon cancer cell lines, e.g., HCT 116, and a
human fibroblast cell line CCD18Co were obtained from
American Type Culture Collection (ATCC, Manassas,
VA, USA) and subdivided into multiple tubes for
stocking in liquid nitrogen. HCT 116: a human colon
cancer cell line that is commonly used to study cancer
invasion and tumorigenesis (passage 4), WiDr: colon
adenocarcinoma cell line established from a 78 year
old female (passage 6), RKO: a poorly differentiated
colon carcinoma cell line (passage 4), HCT-15: a
quasidiploid human colon cancer cell line (passage 6),
SW480: established from Dukes’ type B, colorectal
adenocarcinoma cells (passage 5), and CCD18Co:
a human fibroblast cell line used as a substitute for
normal cells (passage 6), were grown in Dulbecco’s
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HCT 116 cells and CCD18Co cells were seeded
at a density of 3000 cells/well each onto Lab-Tek
Chambered Borosilicate Coverglass Slides (Nalge
Nunc International, Tokyo, Japan) and incubated
overnight. CCD18Co cells were used as a normal
cell control. diphenyl-1-pyrenylphosphine (DPPP) (5
mmol/L) was dissolved in DMSO, and the solution
was diluted using DMEM without Phenol red or FBS.
The final concentration was adjusted to 50 µmol/L. A
volume of 500 µL of the solution was added to each
well and incubated for 10 min. Cells were incubated
with different concentrations of linalool for 2 h. The
oxidation of DPPP was monitored using KEYENCE
BZ-X700 (Keyence, Osaka, Japan). Wavelengths of

9767

November 28, 2016|Volume 22|Issue 44|

Iwasaki K et al . Anticancer effect of linalool
excitation and emission were set at 352 nm and 380
nm, respectively.

but the cell viability of CCD18Co was suggested to
be higher than that of HCT 116 at 100-500 µmol/L
(Figure 1C). Micrographs of HCT 116 cells treated
with different linalool concentrations for 24 h revealed
shrinkage of cells and tightly packed organelles at
concentrations over 100 µmol/L (data not shown).
TUNEL staining was performed using HCT 116
cells to clarify the mechanism of linalool cytotoxicity.
The cells were divided into the following three groups:
control, linalool, and staurosporine groups. The
corresponding percentages of TUNEL-positive cells
were 0.7% ± 0.7% (Figure 2A), 10.5% ± 7.7% (with
100 µmol/L linalool treatment; Figure 2B), and 25.1%
± 11.2% (with 100 µmol/L staurosporine treatment;
Figure 2C). The percentage of apoptotic cells in each
group is shown as a column graph with error bars
(Figure 2D).
The Annexin V assay was performed for a further
quantitative analysis of live cells and cells showing
early and late apoptosis, and cell death. Figure 2E
and 2F shows the percentage of gated cells in each
quadrant, and the data revealed a dose-dependent
increase in cells in early and late apoptosis phases.
These results clearly demonstrated that linalool
induced apoptosis of human colon cancer cells in a
dose-dependent manner in vitro.

Electron spin resonance spectroscopy

HCT 116 cells were cultured on rectangular cover
slides and incubated overnight. Cells were incubated
for 15 min with different concentrations of linalool
(0, 250, 500, 1000 µmol/L) and were immersed in a
culture medium with 5 mmol/L respiratory substrates
(succinate, glutamate, and malate), 5 mmol/L nicoti
namide adenine dinucleotide (NADH), and 10 mmol/L
DMPO. Immersed-slide glasses were placed on the
tissue glass and measured using the EPR apparatus
for 10 min, 30 min, 1 h, and 2 h after treatment. All
spectra were recorded using a JEOL-TE X-band spe
ctrometer (JEOL Ltd., Tokyo, Japan) and analyzed
using Win-Rad Radical Analyzer System (Radical
Research, Inc., Tokyo, Japan).

Histological and immunohistochemical assays

Immunohistochemistry for 4-HNE was performed in all
samples as follows. Paraffin was removed with xylene,
and endogenous peroxidase was blocked in tissues
using 3% of H2O2 in methanol. All tissue sections were
pretreated in citrate buffer (pH 6.0) for 10 min at
100 ℃ in a microwave oven. Nonspecific binding sites
were blocked using 10% BSA before incubation with
the primary antibody. Slides were washed, incubated
with biotinylated secondary IgG for 30 min and
exposed to a biotin-peroxidase complex.

Linalool inhibits the growth of human xenografted tumor
mouse model without side effects

A human cancer xenografted mouse model was
established, and linalool was administered orally to
investigate whether linalool exhibited an anticancer
effect in vivo. Treatment with linalool caused a de
crease in the size and weight of subcutaneous tumors
(Figure 3A). And the difference in the resected tumor
weight between the control group and the high-dose
(200 mg/kg) linalool treatment group was significant
(Figure 3B). No changes in the mean body weight and
serum AST and ALT levels among the three groups
were detected (Figure 3C). Skin damage, hair loss,
intestinal bleeding, and other abnormal symptoms
were not observed in any of the three groups. These
results demonstrated that linalool exhibited an antiproliferation effect on transplanted human cancer cells
without significant weight loss or damage to organs.

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 5. Significant probability (P value) was calculated
using ANOVA followed by Dunnett’s test. The results
are expressed as the mean ± SD, and P < 0.05 was
considered statistically significant.
The statistical methods of this study were reviewed
by Isao Muraki, MD, PhD, an epidemiologist in the
Department of Cardiovascular Disease Prevention,
Osaka Center for Cancer and Cardiovascular Disease
Prevention.

RESULTS
Linalool induces apoptosis in human colon cancer cells

Linalool induces cancer-specific oxidative stress and
apoptosis

Phase contrast microscopy was used to observe
the morphologic changes of HCT 116 cell line, and
the WST assay was performed for each cell line to
evaluate cytotoxicity after exposure to linalool. Cancer
cells exhibited rapid proliferation under control condi
tions (Figure 1A). In contrast, cancer cells stopped
proliferating after treatment with 250 µmol/L linalool
and exhibited fragmentation of chromatin, bleb
formation on the cell surface, and shrinkage, which are
representative of apoptosis (Figure 1B). We observed
a dose-dependent increase in the cytotoxic effect of
linalool in all cancer cell lines and fibroblast cell lines,
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An oxidative stress assay was performed to further
confirm the mechanism of the apoptotic effect of
linalool. ESR spectroscopy was performed in HCT 116
and CCD18Co cells using DMPO as a spin-trapping
reagent. The signal intensity of DMPO reflects linaloolinduced hydroxyl radical production. Cancer-specific
signal intensity gain was observed only for 500 µmol/L
linalool 30 min after treatment (Figure 4A), which was
diminished at an earlier time point (10 min) and at
later time points (1 and 2 h). The signal intensity of
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Figure 1 Anticancer effect of linalool. A: HCT 116 cells in the control group showing rapid proliferation; B: HCT 116 cells treated with 250 µmol/L linalool for 24 h
showed shrinkage of cells and tightly packed organelles; C: A dose-dependent increase in the cytotoxic effect of linalool was observed in all cancer cell lines. Values
are expressed as mean ± SD (n = 3).

control is shown in (Figure 4B). There was no gain in
signal intensity for CCD18Co cells at any time point
(data not shown). The DPPP assay was performed to
detect lipid peroxidation as green fluorescence on the
cell surface. Linalool induced HCT 116 cell membrane
lipid peroxidation(Figure 4C), whereas the signal was
not observed without linalool(Figure 4D). CCD18Co
also showed no lipid peroxidation by linalool (data not
shown).
Histological analyses of mouse tumor samples
demonstrated a reduction of cancer cells and a
relatively large area of necrotizing tissue inside the
tumor. Immunohistochemistry for 4-HNE, which is
a marker of oxidative stress due to increased lipid
peroxidation, revealed an accumulation of 4-HNE in
tumors from the high-dose linalool group compared to
tumors from the control group. However, no significant
difference in 4-HNE accumulation in stomach or liver
tissues was observed between any of the groups
(Figure 5).
These results revealed that linalool induced cancerspecific oxidative stress that was first induced in the
form of hydroxyl radical production, followed by lipid
peroxidation, and exhibited a selective anticancer
apoptotic effect.
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DISCUSSION
In this study, we have demonstrated for the first time
that the rapid induction of ROS by linalool as a trigger
of subsequent apoptotic cascade via lipid peroxidation
with living-cellular ESR technique. We also revealed
that this mechanism was cancer specific and significant
weight loss or damage to normal organs were not
observed in the human cancer xenografted mice with
oral administration of linalool. These results raise the
possibility that linalool is applicable as a new resource
for cancer therapy.
The anticancer activity of some essential oils from
various plants has received substantial attention in
recent years because these essential oils are likely to
[25]
serve as new sources of chemotherapeutic drugs .
Existing chemotherapeutic agents exert cytotoxic
effect not only on cancer cells but also on normal cells,
and various side effects are observed. In contrast,
some essential oils exhibit maximum efficacy against
cancer cells and cause minimal toxic effects in normal
[26]
cells . The elucidation of the mechanism by which
these essential oils exert the anticancer effect possibly
contribute to the improvement in survival rate and
quality of life (QOL) of cancer patients. Monoterpenes
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Figure 2 Anticancer mechanism of linalool. A: TUNEL staining of HCT 116 cells in the control group; B: Staining of HCT 116 cells treated with 100 µmol/L linalool;
C: Staining of HCT 116 cells treated with 50 nmol/L staurosporine. The corresponding percentage of TUNEL-positive cells (white arrow) was 0.7% ± 0.7% (A), 10.5%
± 7.7% (B), and 25.1% ± 11.2% (C); D: The percentage of apoptotic cells in each group (mean ± SD, n = 10). aP < 0.05 vs control group; bP < 0.05 vs 100 µmol/L
linalool group; E: Flow cytometry using Annexin V for the detection of live cells, cells showing early and late apoptosis, and cell death; F: Percentages of early and late
apoptosis fraction. cP < 0.05 vs control group; dP < 0.01 vs control group; eP < 0.05 vs control group; one-way ANOVA followed by Dunnett’s test, n = 3.

are non-nutritive dietary component found in the
essential oils of citrus fruits, mints and herbs and
belong to a group of chemical compounds named
“terpenes”, representing a group of natural compounds
whose basic structure consists of two linked isoprene
[27]
units, which are formed by a 5-carbon base each .
Linalool is an acyclic monoterpenoid alcohol with a
chemical formula of C10H18O and molecular mass
of 154.25 g/mol, and has widely been used for its
fragrance and odorant qualities in cosmetics, soaps,
and perfumes. It is an inexpensive, familiar, and wellknown chemical with little toxicity for a human body.
According to the aforementioned references, there are
three phenomena as anticancer activities of linalool:
[11,13]
[12,14]
apoptotic effect
, induction of oxidative stress
,
[15]
and immunomodulation . However, its underlying
mechanism and the reason why linalool exerts can
cer selective cytotoxicity have not been confirmed.
Therefore, we focused on the detection of instant
reactive oxygen species (ROS) production by using
ESR spectroscopy.
Free electrons of ROS align with their low energy
status (βspin) or high energy status (αspin) in an
external magnetic field. A transition between low-
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and high-energy states may occur when sufficient
[28]
microwave energy is absorbed . An ESR spectrum
is obtained and recorded by observing variations
in magnetic field strength at a fixed microwave
frequency. ROS are generally present at low con
centrations and very reactive, and the use of spintrapping reagents solves these problems. The ESR
spin-trapping technique involves the use of chemical
species called spin traps, which react with shortlived free radicals to form relatively stable adducts
with a half-life that is adequate to observe the ESR
[29]
spectrum . This study used DMPO as a spin trap
to specifically detect hydroxyl radicals with a signal
[29]
intensity of 1:2:2:1 . Furthermore, more than 90%
of intracellular ROS are generated from mitochondria,
and these ROS peroxidize lipids at the same location
and produce HNE around the mitochondria, which
[30]
leads to apoptosis . ROS was detected almost
immediately and directly after treatment by using an
ESR system. The findings of our in vitro experiments
following ESR signal detection are consistent with
the aforementioned findings, which means that ROS
generation, as a sign of apoptosis of cancer cells. The
result of our study indicates that detection of ROS by
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Figure 3 Changes in mouse tumor size and weight after drug administration. A: The pictures show the size of the tumors in each group. Upper: control group.
Middle: 100 mg/kg linalool group. Lower: 200 mg/kg linalool group. As concentration of linalool increased, the xenografted tumor size decreased macroscopically; B:
Tumor weight after removal showed a significant decrease in the group of 200 mg/kg administration, compared to that of control group [expressed as geometric mean,
n = 5 (control), 5 (100 mg/kg linalool), 6 (200 mg/kg linalool)], aP < 0.05 vs control group; one-way ANOVA followed by Dunnett’s test); C: No significant change was
detected in serum AST and ALT level in each group; values are expressed as mean ± SD, n = 5 (control), 5 (100 mg/kg linalool), 6 (200 mg/kg linalool).

ESR is applicable to the screening and therapeutic
evaluation of anticancer agents.
The results obtained from this study showed that
linalool has distinct roles in lipid peroxidation in cancer
and other tissues such as the stomach and the liver. It
has been described that such a cancer selective effect
[31]
probably depend on the redox state of the cell . The
cancer cellular concentrations of ROS used to be higher
than that of normal cells because the cancer cellular
metabolism is completely different: it is well known as
[32]
the Warburg effect . Under such condition, cancer
cells should have a higher ability for ROS regulation as
[33,34]
its survival strategy
. This is a reason why cancer
cells can endure the oxidative stress environments.
In addition, one recent study reported an inhibitory
effect of linalool on mitochondrial complexes I and
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II, the electron transport, followed by mitochondrial
[12]
derangements and cell death in HepG2 cells . Thus,
the difference of the redox, metabolic, and mitochondrial
states between the cancer and normal organ tissues
might be responsible for linalool’s selective oxidative
stress induction and selective cytotoxicity to cancer
cells. Although we focused on the instant generation
of ROS using ESR, which produced complementary
findings, further studies are required to establish the
strategy to produce a state of selective oxidative stress
in cancer cells.
In conclusion, we demonstrated that linalool induced
apoptosis of human colon cancer cells via cancerspecific oxidative stress, which was detectable as an
ESR signal. The further utilization of ESR can reveal
novel uses for natural compounds, such as linalool, as

9771

November 28, 2016|Volume 22|Issue 44|

Iwasaki K et al . Anticancer effect of linalool
ESR signal

DPPP

Linalool
500 mmol/L

100 mm

Control

100 mm

Figure 4 Oxidative stress assay in vitro. A: Electron spin resonance (ESR) spectroscopy performed 30 min after linalool treatment. The signal intensity of 1:2:2:1
suggests generation of hydroxyl radical, the strongest reactive oxygen species (ROS); B: The signal of HCT 116 without linalool at the same time period; C: Diphenyl1-pyrenylphosphine (DPPP) assay performed to detect lipid peroxidation showed that linalool induced cell membrane lipid peroxidation as green fluorescent on the
cell surface(white arrow); D: The cell membrane lipid peroxidation was not observed in without linalool treatment group.
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Figure 5 Oxidative stress assay in vivo. Although accumulation of 4-hydroxynonenal (4-HNE) was observed in the tumors from the high-dose linalool group, it was
not observed in stomach or liver tissues, except for the physiological accumulation (black arrow) of 4-HNE near the basal membrane of the stomach.
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new, cost-effective cancer therapies.
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Colorectal cancer is a major public health problem, and its mortality is very high
globally. Chemotherapy is the most effective treatment for colorectal cancer, but
the problems of side effects and high costs remain unresolved.

Research frontiers

7

There is a growing interest in the search for the cancer preventive or therapeutic
potential of natural compounds, which are not expensive and exhibit few side
effects. Linalool is a monoterpenoid alcohol that is present abundantly in red
wine and coriander and exhibits anticancer effects in some types of human
cancer. However, the mechanisms of this effect are not clear.

8

Innovations and breakthroughs

The authors focused on the detection of instant reactive oxygen species (ROS)
production using electron spin resonance (ESR) spectroscopy, which is a
highly sensitive and definitive method for the detection of short-lived ROS. We
revealed that the first sign of apoptosis in cancer cells induced by linalool may
be detected almost immediately and directly after treatment by using an ESR
system. This result is an important finding for the screening and therapeutic
evaluation of new anticancer agents.

9

10

Applications

This study was designed to evaluate the anticancer mechanisms of linalool on
human colon cancer cell lines for the development of new effective anticancer
strategies.

11

Terminology

Linalool is an acyclic monoterpenoid alcohol with a chemical formula of C10H18O
and molecular mass of 154.25 g/mol. Approximately 12000 T of linalool is
produced for the industrial use annually, and its natural biosynthesis through
plants, primarily herbs, trees and fruits, is higher by dimension. More than
95% of synthetic linalool is used for its fragrance and odorant qualities in
cosmetics, soaps, and perfumes, and only approximately 1% is added to food
and beverages for aroma and flavoring. Linalool is an inexpensive, familiar, and
well-known chemical with great prospects for medical application.
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Peer-review

Article “Anticancer activity of linalool via cancer-specific hydroxyl radical
generation in human colon cancer”, provides significant and interesting
results regarding the anticancer mechanism of linalool by inducing apoptosis
specifically in cancer cells via lipid peroxidation.
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Abstract
AIM
To explore the protective effects and mechanisms of
naringenin (NRG) on hepatic injury induced by isoniazid
(INH) and rifampicin (RIF).

Institutional review board statement: This study was reviewed
and approved by the Medical School of Yangtze University.
Institutional animal care and use committee statement: All
procedures were approved by the Institutional Animal Care and
Use Committee (IACUC) of Yangtze University (Approval No.
20150148).

METHODS
Male mice were randomly divided into four groups and
treated for 14 d as follows: normal control group was
administered intragastrically with normal saline solution
alone; model group was administered intragastrically
with INH (100 mg/kg) and RIF (100 mg/kg); lowand high-dosage NRG pretreatment groups were
administered intragastrically with different doses of NRG
(50 or 100 mg/kg) 2 h before INH and RIF challenge.
Mice were killed 16 h after the last dose of drug
treatment to determine activity of serum transaminases.
Oxidative stress was evaluated by measuring hepatic
glutathione (GSH) and superoxide dismutase (SOD)
and malondialdehyde (MDA) levels. Histopathological
changes in hepatic tissue were observed under the
optical microscope. Hepatocyte apoptosis was measured
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caused by mycobacteria, and it remains a serious
global public health issue. In 2014, about 9.6 million
people fell ill with TB and 1.5 million died from the
[1]
disease . The TB treatment recommended by the
World Health Organization is a regimen of isoniazid
(INH), rifampicin (RIF), pyrazinamide, and ethambutol
for 2 mo in the initiation stage, followed by 4 mo of
INH and RIF in the continuation stage. Unfortunately,
the two most common anti-TB drugs, INH and RIF, can
cause drug-induced hepatic injury through a series
of complex mechanisms. Peroxidation of endogenous
lipids has been shown to be the dominant factor
[2]
in the hepatotoxic action of INH and RIF . Anti-TB
drug-mediated oxidative injury is usually ascribed to
formation of highly reactive oxygen species, which act
as stimulators of lipid peroxidation and damage the cell
[3]
membrane . Oxidative stress in the hepatocyte results
in altered mitochondrial permeability and induces
[4]
apoptosis . Therefore, antioxidants could serve as
possible drugs against INH- and RIF-induced hepatic
[5,6]
toxic injury .
In recent years, natural plant extracts have been
extensively regarded as a rich resource for drug de
velopment. Naringenin (NRG) is a type of natural
flavonoid compound, which widely exists in grapefruit,
bitter orange and other plants. NRG has wide range of
biological and pharmacological activities, such as anti[7]
[8]
[9]
inflammatory , anti-mutagenic , anti-atherogenic ,
[10]
[11]
anti-oxidant
and anti-cancer . Related studies
have shown that NRG attenuates liver injury induced
[12]
[13]
[14]
by lead , acetaminophen , cholesterol overdose
[15]
and carbon tetrachloride (CCl4) intoxication . It was
suggested that NRG can exert hepatoprotective effects
and may has therapeutic value for various liver diseases.
Therefore, this study was conducted to investigate
the potent protective effects of NRG on INH- and
RIF-induced hepatic injury in mice. In addition, we
discussed the underlying mechanisms of its therapeutic
action.

by TUNEL assay and caspase-3 activation. Expression of
Bcl-2 and Bax in liver was determined by western blot.
RESULTS
Both low- and high-dosage NRG pretreatment obviously
alleviated serum levels of alanine aminotransferase
and aspartate aminotransferase, liver index, hepatic
MDA content, and increased hepatic GSH content and
SOD activity compared with the INH and RIF-treated
group (44.71 ± 8.15 U/L, 38.22 ± 6.64 U/L vs 58.15
± 10.54 U/L; 98.36 ± 14.78 U/L, 92.41 ± 13.59 U/L
vs 133.05 ± 19.36 U/L; 5.34% ± 0.26%, 4.93% ±
0.25% vs 5.71% ± 0.28%; 2.76 ± 0.67 nmol/mgprot,
2.64 ± 0.64 nmol/mgprot vs 4.49 ± 1.12 nmol/mgprot;
5.91 ± 1.31 mg/gprot, 6.42 ± 1.42 mg/gprot vs 3.11
± 0.73 mg/gprot; 137.31 ± 24.62 U/mgprot, 148.83
± 26.75 U/mgprot vs 102.34 ± 19.22 U/mgprot; all p
< 0.01 or 0.05). Histopathological evaluation showed
obvious necrosis and inflammatory cell infiltration in
liver of mice administered INH and RIF; however, mice
pretreated with NRG showed minor hepatic injury. In
addition, INH and RIF resulted in hepatocyte apoptosis,
and NRG pretreatment dramatically suppressed INHand RIF-induced hepatocytes apoptosis. Furthermore,
NRG-mediated anti-apoptotic effects seemed to be in
connection with its regulation of Bax and Bcl-2 protein
expression in hepatic tissue.
CONCLUSION
NRG might attenuate INH- and RIF-induced hepatic
injury via suppression of oxidative stress and hepatocyte
apoptosis.
Key words: Naringenin; Isoniazid; Rifampicin; Oxidative
stress; Apoptosis; Hepatic injury
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Anti-tuberculosis drugs can cause drug-induced
liver injury through a series of complex mechanisms.
The main purposes of the study were to explore the
effects of naringenin (NRG) on liver injury induced
by isoniazid (INH) and rifampicin (RIF). Mice were
administered intragastrically with NRG before INH and
RIF challenge. The findings revealed that NRG protects
against INH- and RIF-induced oxidative stress and
hepatocyte apoptosis.

MATERIALS AND METHODS
Reagents

NRG, INH and RIF were purchased from Sigma
Aldrich (St. Louis, MO, United States). Kits to measure
aspartate aminotransferase (AST), alanine amino
transferase (ALT), superoxide dismutase (SOD),
glutathione (GSH), malondialdehyde (MDA) were
purchased from Nanjing Jiancheng Institute of
Bioengineering (Nanjing, China). TUNEL detection kit
was purchased from Boster Biological Engineering
Co., Ltd (Wuhan, China). Rabbit anti-mouse cleaved
caspase-3 monoclonal antibody was purchased from
Cell Signaling Technology (Danvers, MA, United
States). Rabbit anti-mouse Bax, Bcl-2 and β-actin
polyclonal antibodies were purchased from Santa Cruz
Biotechnologies (Santa Cruz, CA, United States).

Wang C, Fan RQ, Zhang YX, Nie H, Li K. Naringenin protects
against isoniazid- and rifampicin-induced apoptosis in hepatic
injury. World J Gastroenterol 2016; 22(44): 9775-9783 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i44/9775.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i44.9775

INTRODUCTION
Tuberculosis (TB) is a deadly communicable disease
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Animals

Immunohistochemistry

Forty male specific pathogen-free BALB/c mice,
weighing 20-22 g, were purchased from the Central
Animal Facility of Wuhan University (Wuhan, China).
All mice were housed in an environmentally controlled
room (25 ± 2 ℃, 55% ± 5% humidity) with a 12 h
light and dark cycle and had free access to laboratory
standard food and water. All experiments received
approval by the Yangtze University’s institutional
laboratory animal care and use committee.

The sections were dewaxed in xylene and rehydrated
in descending graded alcohols, followed by incubation
in 3% hydrogen peroxide for 15 min to neutralize
endogenous peroxidase activity, and then microwave
antigen retrieval for 15 min in citric acid buffer.
Nonspecific binding was blocked with 10% normal goat
serum. Subsequently, the sections were incubated
overnight with a rabbit anti-mouse cleaved caspase-3
monoclonal antibody at 4 ℃, and then the goat antirabbit secondary antibody (Zhongshan Golden Bridge
Biotechnology Company, China) was incubated at
room temperature for 30 min. Finally, the sections
were treated with diaminobenzidine working solution,
and then counterstained with hematoxylin and covered
with cover slips.

Drug administration

After an acclimatization period of 1 wk, animals were
randomly divided into four equal groups, each consisting
of 10 mice, and treated for 14 d as follows: normal
control group was administered intragastrically with
normal saline solution (NSS) alone; model group was
administered intragastrically with INH (100 mg/kg) and
RIF (100 mg/kg); low-dosage and high-dosage NRG
pretreatment groups were administered intragastrically
with different doses of NRG (50 or 100 mg/kg) 2 h
before INH and RIF challenge. NRG was dissolved in 5%
carboxyl methyl cellulose and then diluted with NSS to
the required concentration for oral administration. Mice
were killed 16 h after the last dose of drug treatment to
collect serum and liver tissue samples.

Western blotting

Proteins were extracted from liver tissue using the
Bullet Blender homogenizer (Next Advance Inc., Averill
Park, NY, United States) in RIPA lysis buffer (Beyotime,
Shanghai, China), according to the manufacturer’s
protocols. Equal amounts of proteins were subjected
to electrophoresis on 10% SDS-polyacrylamide gel
electrophoresis, and then the separated protein
bands were transferred onto polyvinylidene difluoride
membranes (Hybond, Escondido, CA, United States).
Next, the membranes were incubated respectively
with rabbit anti-mouse β-actin, Bax or Bcl-2 polyclonal
antibodies overnight at 4 ℃. After incubation with the
goat anti-rabbit secondary antibody, proteins were
detected by enhanced chemiluminescence detection kit
(Pierce, Rockford, IL, United States). The densitometric
analysis of the protein bands was carried out with
Image J software.

Biochemical analysis

The liver index was calculated according to the formula:
liver index (%) = mouse liver weight (g)/mouse weight
(g) × 100%. The serum biochemical parameters,
such as ALT and AST, were measured by absorbance
photometry using commercial automated chemistry
analyzers.
GSH level was assayed in the liver tissue according
[16]
to the method of Griffith
and concentration was
expressed as mg/g protein. SOD activity was assayed
in the liver tissue through nitroblue tetrazolium
coloration according to the manufacture’s protocols
and was expressed as U/mg protein. Lipid peroxidation
was assayed by measuring MDA in the liver tissue
[17]
according to the method of Wills , and MDA content
was expressed as nmol/mg protein.

Statistical analysis

All data were expressed as mean ± SEM. Statistical
differences were analyzed by Student’s t test or oneway ANOVA. The analysis was conducted using SPSS
17.0 software. P values below 0.05 were considered
statistically significant.

RESULTS

Histopathology

NRG pretreatment alleviates INH- and RIF-induced liver
injury

Small pieces of liver were fixed in 10% neutral buffered
formalin and then embedded into paraffin. Paraffinembedded sections at 6 µm and stained with hemato
xylin and eosin, and then analyzed under the optical
microscope for histopathological evaluation.

To investigate the protective effects of NRG against
INH and RIF, levels of serum transaminases were
analyzed. As shown in Figure 1A, administration of
INH and RIF led to a significant increase in serum ALT
and AST levels, whereas NRG pretreatment obviously
alleviated INH- and RIF-induced elevation of ALT and
AST (44.71 ± 8.15 U/L, 38.22 ± 6.64 U/L vs 58.15
± 10.54 U/L; 98.36 ± 14.78 U/L, 92.41 ± 13.59
U/L vs 133.05 ± 19.36 U/L; all p < 0.01). Next, as
shown in Figure 1B, administration of INH and RIF
led to a significant increase in the liver index, while
NRG pretreatment obviously attenuated INH- and

TUNEL staining

The sections were stained for detection of apoptosis in
live cells using a commercially available TUNEL kit and
following the manufacturer’s instructions. The ratios of
apoptosis were analyzed under the optical microscope
by counting TUNEL positive cells in six randomly
selected areas.
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Figure 1 Naringenin pretreatment protects mice from isoniazid- and rifampicin-induced liver injury. A: Levels of serum transaminases were analyzed; B: Liver
indexes were measured. All data are expressed as means ± SEM for ten samples per group. bP < 0.01 vs control group, cP < 0.05 vs INH and RIF group, dP < 0.01
vs INH and RIF group; C: Liver section from mice treated with NSS; D: Liver section from mice treated with INH and RIF; E and F: Liver sections from mice pretreated
with NRG (50 or 100 mg/kg) before INH and RIF challenge. Liver sections were stained with hematoxylin and eosin (original magnification: × 400). NRG: Naringenin;
INH: Isoniazid; RIF: Rifampicin.

and RIF-induced oxidative stress, levels of GSH, SOD
and MDA in the liver tissue were evaluated. As shown
in Figure 2A and B, hepatic GSH content and SOD
activity were markedly decreased after administration
of INH and RIF; however, NRG pretreatment obviously
increased INH- and RIF-induced reduction of GSH and
SOD (5.91 ± 1.31 mg/gprot, 6.42 ± 1.42 mg/gprot
vs 3.11 ± 0.73 mg/gprot; 137.31 ± 24.62 U/mgprot,
148.83 ± 26.75 U/mgprot vs 102.34 ± 19.22 U/
mgprot; all p < 0.01). In contrast, as shown in Figure
2C, hepatic MDA content, a marker of lipoperoxide,
was significantly increased after administration of INH
and RIF, but NRG pretreatment obviously attenuated

RIF-induced elevation of the liver index in a dosedependent manner (5.34% ± 0.26%, 4.93% ± 0.25%
vs 5.71% ± 0.28%, p < 0.01 or 0.05). Furthermore,
HE staining was performed to observe the protective
effects of NRG against INH and RIF. As shown in Figure
1C-F, histopathological evaluation showed obvious
necrosis and inflammatory cell infiltration in liver of
mice administered with INH and RIF. Conversely, mice
pretreated with NRG showed minor hepatic injury.

NRG pretreatment reduces INH- and RIF-induced
oxidative stress

To investigate the protective effects of NRG against INH-
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INH- and RIF-induced elevation of MDA (2.76 ± 0.67
nmol/mgprot, 2.64 ± 0.64 nmol/mgprot vs 4.49 ± 1.12
nmol/mgprot, p < 0.01).

DISCUSSION
Anti-TB drugs are considered as potentially hepatotoxic
and can induce hepatic injury. The co-administration
of INH and RIF generates metabolic and morphological
changes in hepatic tissue because of the fact that the
liver is the primary detoxifying organ for the anti-TB
[2]
drugs . In this study, the liver injury mouse model
was developed successfully via intragastric infusion of
INH and RIF for 14 d; results show that serum tran
saminases levels of INH- and RIF-treated mice are
significantly increased as compared to those in normal
control mice.
NRG is considered to have beneficial effects on
human health and has been vigorously researched as
a potential candidate to protect against various liver
[18,19]
diseases
. Previous studies have shown that NRG
could protect against CCl4-induced chemical liver injury
[15]
by reducing the oxidative stress reaction . NRG also
was shown to attenuate cholesterol-induced hepatitis in
[14]
rats through inhibition of the NF-κB signaling pathway .
In addition, NRG had been shown to inhibit the hepatitis
[20]
C virus by silencing its infection pathway .
In this study, for the first time, we explored the
effects of NRG on INH- and RIF-induced liver injury and
the possible underlying mechanisms in mice. We found
that NRG pretreatment significantly attenuated INHand RIF-induced elevation of the liver index, and serum
ALT and AST. Furthermore, NRG pretreatment obviously
attenuated INH- and RIF-induced pathologic injury.

NRG pretreatment prevents INH- and RIF-induced
apoptosis in hepatocytes
To further investigate the potential mechanisms by
which NRG alleviates INH- and RIF-induced liver injury,
TUNEL staining was used to estimate the apoptotic
changes in hepatocytes. As shown in Figure 3, the
number of TUNEL positive cells in liver was obviously
increased after INH and RIF administration, while NRG
pretreatment dramatically suppressed INH- and RIFinduced hepatocyte apoptosis. In agreement with
TUNEL assay, as shown in Figure 4, caspase-3 activity
was obviously increased after administration of INH
and RIF, and NRG pretreatment markedly prevented
caspase-3 activity induced by INH and RIF. In addi
tion, expression of the pro-apoptotic protein Bax and
the anti-apoptotic protein Bcl-2 were measured to
investigate the effects of NRG against INH and RIF.
As shown in Figure 5, the Bax expression level was
significantly increased and the Bcl-2 expression level
was significantly decreased in mice treated with INH
and RIF. Conversely, NRG pretreatment down-regulated
Bax expression and up-regulated Bcl-2 expression
compared with INH- and RIF-treated mice (1.25 ± 0.09,
0.99 ± 0.07 vs 2.16 ± 0.15; 1.23 ± 0.08, 1.35 ± 0.08
vs 0.85 ± 0.06; all p < 0.01).
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These results indicate hepatoprotective effects of NRG
against anti-TB drug-induced hepatic injury.
Earlier studies showed that INH- and RIF-induced
liver injury were linked to the occurrence of oxidative
[21,22]
stress
. In this study, we observed that hepatic GSH
content and SOD activity were markedly decreased
after INH and RIF administration. Conversely, hepatic
MDA level, a marker of lipoperoxide, was found to be
significantly increased after INH and RIF administration.
These results suggest that oxidative stress might play a
partial role in INH- and RIF-induced hepatic injury.
NRG has exhibited antioxidant activity against
oxidative stress damage. Recent studies showed that
NRG could attenuate oxidative stress by decreasing
the lipid peroxide level in lead-treated liver and
[12]
kidney . Additionally, NRG was shown to inhibit lipid
peroxidation and thus to protect against the damaging

WJG|www.wjgnet.com

effects of free radicals in acetaminophen-induced acute
[13]
liver injury . Moreover, NRG was shown to help to
increase hepatic GSH and SOD levels and to decrease
MDA content, lipid peroxidation and DNA damage in
[14]
cholesterol-induced hepatic inflammation .
In the current study, we observed that NRG pre
treatment obviously increased INH- and RIF-induced
reduction of GSH and SOD. In contrast, NRG pre
treatment obviously attenuated INH- and RIF-induced
elevation of MDA. The results of the present study are
in accordance with previous reports showing that NRG
exerts significant hepatoprotective effects via inhibition
of oxidative stress.
In this study, we also observed that the percentage
of TUNEL positive cells in liver was markedly increased
after INH and RIF administration. In agreement with
findings from the TUNEL assay, caspase-3 activity was

9780

November 28, 2016|Volume 22|Issue 44|

Wang C et al . Naringenin and hepatocyte apoptosis

A

B

C

D

Positive cells (%)

E

b

15

10
5
d

d

G
NR
+
H

IN

IN

H

+

+

RI

F

RI

F

IN

+

H

NR

+

G

RI

10

50

F

l
ro
nt
Co

0

0

Figure 4 Effect of naringenin on isoniazid- and rifampicin-induced caspase-3 activation. A-D: Caspase-3 activity was measured with immunohistochemical
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found to be markedly elevated in mice treated with INH
and RIF. To further explore the molecular mechanisms
of INH- and RIF-induced apoptosis of hepatocytes,
the hepatic Bax and Bcl-2 protein expression were
examined. Unsurprisingly, the pro-apoptotic protein Bax
expression level was significantly increased and antiapoptotic protein Bcl-2 expression level was significantly
decreased after INH and RIF challenge. These data
imply that hepatocytes apoptosis might play a partial
role in INH- and RIF-induced hepatic injury.
Inhibiting the activation of apoptosis could help
prevent liver injury. Earlier studies have suggested
that NRG induces apoptosis of human cancer cells,
whereas it shows no toxic effect on normal cells at a
[23]
similar dose . Moreover, recent studies showed that
NRG protected human keratinocytes against UVB-

WJG|www.wjgnet.com

induced apoptosis to decrease skin aging and cancer
through its anti-apoptotic and anti-lipid peroxidation
[24]
effects . Additionally, NRG inhibited the activation
of the caspase-3 and -9 to prevent hepatocytes from
[25]
undergoing CCl4-induced apoptosis .
In the present study, we found that NRG pretreat
ment dramatically suppressed INH- and RIF-induced
hepatocyte apoptosis. Moreover, NRG pretreatment
markedly prevented caspase-3 activity induced by INH
and RIF. These results suggest that NRG could protect
against INH- and RIF-induced hepatic injury and the
mechanism could be related to the anti-apoptotic
effect. However, the underlying mechanisms of NRGmediated anti-apoptotic effect are not well understood.
A recent study has shown that NRG prevents high
glucose-induced mitochondria-mediated apoptosis
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Figure 5 Effect of naringenin on Bax and Bcl-2 expression of isoniazid- and rifampicin-induced liver injury. The protein expression of Bax and Bcl-2 was
determined by western blotting. Data are expressed as mean ± SEM for six samples per group. bP < 0.01 vs control group, dP < 0.01 vs INH and RIF group. NRG:
Naringenin; INH: Isoniazid; RIF: Rifampicin.
RIF-induced liver injury are urgently needed.

involving apoptosis inducing factor, endonuclease-G and
caspases. While preventing mitochondrial depolarization,
NRG causes a decline in the release of apoptogenic
factors like cytochrome c and endonuclease-G from
mitochondria, and an increase in expression of anti[26]
apoptogenic factors like Bcl-2 . In the present study,
we found that NRG pretreatment down-regulated
Bax expression and up-regulated Bcl-2 expression,
compared with levels found in the INH- and RIFtreated mice. These results indicate that the protective
effect of NRG against INH- and RIF-induced hepatocyte
apoptosis involves regulation of the Bax and Bcl-2
balance.
In conclusion, the findings of the present study
indicate that NRG alleviates INH- and RIF-induced
hepatic injury in mice. The protective effect of NRG
could be related with suppression of oxidative stress.
Moreover, the beneficial effect is associated with its
anti-apoptotic effect.

Research frontiers

Previous studies have shown that naringenin (NRG) has wide range of
biological and pharmacological activities, such as anti-inflammatory, anti-oxidant
and anti-cancer. Related studies have shown that NRG attenuates liver injury
induced by lead, acetaminophen, cholesterol overdose and carbon tetrachloride
(CCl4) intoxication. It was suggested that NRG exerts hepatoprotective effects
and may have therapeutic value in various liver diseases.

Innovations and breakthroughs

This study is the first to explore the effects of NRG on INH- and RIF-induced
liver injury and the possible mechanisms in mice. The results indicate that
NRG protects against INH- and RIF-induced oxidative stress and hepatocyte
apoptosis.

Terminology

Caspase-3 is a member of the cysteine-aspartic acid protease family. It is
activated in the apoptotic cell, both by extrinsic (death ligand) and intrinsic
(mitochondrial) pathways. It plays an important role in the execution-phase of
cell apoptosis.

Applications

COMMENTS
COMMENTS

NRG widely exists in grapefruit, bitter orange and other plants. It can be
processed and purified using modern separation technology and has a broad
application prospect.

Background

Isoniazid (INH) and rifampicin (RIF) are the two first-line anti-tuberculosis
drugs and are known to be potentially hepatotoxic, with potential for causing
drug-induced liver injury. INH is considered to be initiated by cytochrome
P450-mediated metabolism of INH to acetylhydrazine and hydrazine, which
is hepatotoxic. RIF, which is usually co-administered with INH, is toxic to
hepatocytes. Therefore, new and safe preventive measures against INH- and
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The data show significant protective effect of NRG against anti-tuberculosis
drug-induced liver injury through suppression of apoptosis, which is
demonstrated by serum transaminases, liver histology, immunohistochemistry
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and western blotting. Since liver injury induced by INH and RIF is a serious
problem for the treatment of tuberculosis (TB), the data are important and may
provide a novel clue for management of TB.
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Abstract
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AIM
To determine the effects of ω-3 fatty acids (ω-3FA) on
the toll-like receptor 4 (TLR4)/nuclear factor κB p56
(NF-κBp56) signal pathway in the lungs of rats with
severe acute pancreatitis (SAP).

Conflict-of-interest statement: The authors declare that there is
no conflict of interest related to this study.

METHODS
A total of 56 Sprague-Dawley rats were randomly
divided into 4 groups: control group, SAP-saline group,
SAP-soybean oil group and SAP-ω-3FA group. SAP
was induced by the retrograde infusion of sodium
taurocholate into the pancreatic duct. The expression
of TLR4 and NF-κBp56 in the lungs was evaluated
by immunohistochemistry and Western blot analysis.
The levels of inflammatory cytokines interleukin-6 and
tumor necrosis factor-alpha in the lungs were measured
by enzyme-linked immunosorbent assay.

Data sharing statement: No additional unpublished 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 expression of TLR4 and NF-κBp56 in lungs and of
inflammatory cytokines in serum significantly increased
in the SAP group compared with the control group (P
< 0.05), but was significantly decreased in the ω-3FA
group compared with the soybean oil group at 12 and
24 h (P < 0.05).

Manuscript source: Unsolicited manuscript
Correspondence to: Dr. Xiao-Hua Zhang, Department of
Gastroenterology, Jinling Hospital, 305 Zhong Shan Dong Lu,
Nanjing 210002, Jiangsu Province,
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CONCLUSION
During the initial stage of SAP, ω-3FA can efficiently
lower the inflammatory response and reduce lung
injury by triggering the TLR4/NF-κBp56 signal pathway.

the innate immune response. Members of the TLR
family recognize and bind to their corresponding
ligand to activate signal transduction pathways and
thus produce different biological functions in response
[13]
to various stimuli . TLR4 is the first reported TLR
by which the mediated signal pathway can nonspecifically bind in pathogen-associated molecular
[14]
patterns . Nuclear factor-κB p56 (NF-κBp56), a
nuclear transcription factor present in a wide variety
of cells, shares an upstream/downstream relationship
[15]
with TLR4 . NF-κBp56 mainly functions at the level of
[16]
regulating inflammation, cell survival, and apoptosis .
Under normal circumstances, members of NF-κBp56
form homomeric or heteromeric dimers in cytoplasm,
which exert their function on the activation/inhibition
[17]
of transcription . Following activation of the TLR4mediated signal transduction pathway, NF-κBp56
activation and transcription of related inflammatory
[18]
cytokines are then stimulated . Several studies have
confirmed that the expression and activation of TLR4
and NF-κBp56 were up-regulated, and a large number
of inflammatory cytokines were detected in the SAP rat
[19-21]
model induced in a variety of ways
.
Thus, it is highly likely that the TLR4/NF-κBp56
signal pathway is closely related to the occurrence
and development of SAP. The global inflammation in
SAP is an important step in the initiation of MODS, in
[22]
which TLR4 functions as a “messenger” . During the
onset stage of SAP, through TLR4, local inflammation
mediates the activation of various inflammatory
cytokines, which in turn spread to other organs and
[23]
lead to inflammation of multiple organs .
Parenteral nutrition support with ω-3 fatty acids
(ω-3FA) alters cytokine production and reduces the
rate of complications, for example, the duration of
mechanical ventilation and the prevalence of noso
[24-26]
comial infections
. Thus, ω-3FA, which are major
components of fish oil-supplemented parenteral
nutrition, offers a potential positive effect on the antiinflammatory response. Recent animal studies have
also shown that ω-3FA can have an anti-inflammatory
[27-29]
role in pancreatitis
. However, there are no data on
the correlation between ω-3FA and the TLR4/NF-κBp56
signal pathway in the lungs of subjects with SAP. In
this study, we investigated the effects of ω-3FA on the
expression of TLR4 and NF-κBp56 in the lungs of rats
with SAP, as well as the levels of cytokines in lungs.

Key words: Severe acute pancreatitis; ω-3 fatty acids;
Lung injury; Toll-like receptor 4; Nuclear factor-κB p56;
Cytokine
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no report about the correlation
between ω-3 fatty acids and toll-like receptor 4 (TLR4)
expression in lungs of animals with severe acute pan
creatitis (SAP). In this study, we investigated the
effects of ω-3 fatty acids (ω-3FA) on TLR4 and nuclear
factor κB p56 (NF-κBp56) in lungs of rats with SAP and
the levels of cytokines in serum to examine the effects
of ω-3FA on TLR4 and NF-κBp56 of lungs in rats with
SAP.
Wang B, Wu XW, Guo MX, Li ML, Xu XB, Jin XX, Zhang
XH. Effects of ω-3 fatty acids on toll-like receptor 4 and nuclear
factor-κB p56 in lungs of rats with severe acute pancreatitis.
World J Gastroenterol 2016; 22(44): 9784-9793 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i44/9784.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i44.9784

INTRODUCTION
Severe acute pancreatitis (SAP) is a critical illness
associated with long-term treatment and high mor
tality. Mortality can approach 50% due to induction
of systemic inflammatory response syndrome (SIRS)
during the early stages of the disease, subsequently
[1]
leading to multiple organ dysfunction syndrome (MODS) .
Acute lung injury is common, with approximately 20% of
patients developing acute respiratory distress syndrome
(ARDS). ARDS is a primary cause of death during the
[2,3]
early stages of SAP .
Recent reports have highlighted the role of activa
tion of inflammatory cytokines and signal pathways
[4,5]
in pancreatic tissues during the process of SAP .
Activation of interleukin-6 (IL-6) and tumor necrosis
factor-alpha (TNF-α), and infiltration of inflammatory
cells in early SAP can lead to pathological injury not
only in pancreatic tissue but also in extra-pancreatic
organs, through activation of downstream inflammatory
mediators by the amplification of a series of cascade
[6]
reactions . These injuries can then induce SIRS or
[7,8]
even MODS . It has been shown that toll-like receptor
4 (TLR4) plays a critical role in the initiation of SAP.
TLR4 can regulate the transcription of inflammatory
cytokines, which leads to local inflammation in multiple
[9-12]
systems and/or organs
.
Toll-like receptors (TLRs) are key modulators of

WJG|www.wjgnet.com

MATERIALS AND METHODS
Experimental animal model and grouping

All experiments were approved by the Ethics Committee
for Animal Research at Jinling Hospital, Nanjing, China.
Healthy adult male Sprague-Dawley rats, weighing
230-250 g, were provided by the Experimental Animal
Center of Jinling Hospital. All 56 animals were randomly
divided into 4 groups: healthy controls (n = 8); SAP-
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saline group (n = 16); SAP-soybean oil group (n = 16);
and SAP-ω-3FA group (n = 16). Under pentobarbital
anesthesia (50 mg/kg body weight), a laparotomy was
performed and 5% sodium taurocholate in distilled
water (1 mL/kg body weight) was injected into the
bilio-pancreatic duct at the rate of 0.2 mL/min using a
micro-infusion pump. Controls received an intraductal
[30]
infusion of saline (0.2 mL/min) . After SAP induction,
the SAP-ω-3FA group received an intravenous injection
of a combination of the soybean-based compound and
0.2 g/kg fish oil (Omegaven; Fresenius, Bad Homburg,
Germany). The SAP-soybean oil group received a
soybean-based fat solution without additional fish
oil [Intralipid medium-chain triglyceride/long-chain
triglyceride 20%; Braun, Melsungen, Germany], and
the SAP-saline group received the same volume of
saline.
Eight animals from each group were sequentially
killed after 12 and 24 h (SAP-saline group, SAP-soybean
oil group and SAP-ω-3FA group) by a lethal dose of
pentobarbital (200 mg/kg intravenous). The entire lung
was removed, and a sample was immediately frozen at
-80 ℃ for biochemical analysis. The lung was then fixed
in 10% formalin in anatomic orientation for histological
analysis. The lung tissues and whole blood were
obtained for subsequent analysis.

the manufacturer’s instructions. Phosphate buffered
saline was used as a negative control, in lieu of antibody.
For semi-quantitative analyses, areas of positive
staining were defined by two independent investigators
using Image-Pro 6.0 Plus (MediaCybernetics). Five
fields of view for each section were randomly selected,
images acquired, and integrated optical density (IOD)
determined [density (mean) = IOD/area].

Western blot of TLR4 and NF-κ Bp56 in lung tissues

Lung tissue samples were homogenized with lysate
buffer (10 mmol/L Tris at pH 7.5, 10 mmol/L NaCl, 0.1
mmol/L EDTA, 0.5% Triton-X 100, 0.02 mmol/L NaN3,
and 0.2 mmol/L phenylmethanesulphonylfluoride),
treated with a sodium dodecyl sulfate-polyacrylamide
loading buffer at 95 ℃ for 5 min, and separated by
10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The separated protein was transblotted
from the gel to the polyvinylidine difluoride membrane
(Bio-Rad, Hercules, CA, United States) at 300 mA for
1.5 h at 4 ℃. The membrane was blocked with 5%
non-fat dried milk in Tris-buffered saline with 0.05%
Tween20 (TBST) for 1 h at room temperature, washed
3 times for 10 min each time in TBST, and incubated
with a primary antibody in a 1:500 dilution of goat
anti-rat TLR4 and anti-rat NF-κBp56 monoclonal
antibody (Upstate, Charlottesville, VA, United States)
in TBST containing 5% non-fat dried milk for 2 h at
room temperature. After washing 3 times with TBST
for 10 min each time, the membranes were incubated
with a 1:5000 dilution of peroxidase-conjugated goat
anti-rat immunoglobulin G (Sigma-Aldrich) for 1 h at
room temperature. After washing, the membranes
were analyzed by the enhanced fluorescence system
(Pierce Biotechnology, Rockford, IL, United States).

Measurement of amylase levels in serum

Serum measurement of measurement of amylase
(AMY) concentration was conducted by an automated
HITACHI-7150 analyzer to ensure successful SAP models.

Measurement of TNF-α and IL-6 levels in lungs

TNF-α and IL-6 levels in lungs were measured using
a commercial ELISA according to the manufacturer’
s instructions (Sigma-Aldrich, St. Louis, MO, United
States). The levels of TNF-α and IL-6 were found to be
a minimum of 7 pg/mL and 60 pg/mL, respectively.

Statistical analysis

The results for AMY, cytokine and histopathology score
of the lungs represent the mean of 8 experiments and
are expressed as mean ± SE. Experimental data from
different groups were compared using the non-paired
Student’s t-test and one-way analysis of variance.
The western blot data were from 8 experiments and
are expressed as mean optical density, which was
analyzed using the Mann-Whitney nonparametric U
test. A P value less than 0.05 (2-tailed) was considered
statistically significant. All tests were performed using
the statistical package SPSS software 11.0 (SPSS,
Chicago, IL, United States) in Windows 7.

Pathological examination of lungs

The lung tissue was fixed by 40 g/L formaldehyde,
embedded in paraffin, and stained with hematoxylineosin. All microscopic sections were analyzed blindly.
One slide for each rat per group was studied, and
10 random fields per slide were evaluated. Lung
histopathological changes were graded on a scale
of 0 to 3 (normal 0, mild 1, moderate 2, severe 3)
for alveolar and interstitial edema, inflammatory cell
[31]
infiltration, and alveolar and interstitial hemorrhage .

Immunohistochemistry of TLR4 and NF-κ Bp56 in lung
tissues

RESULTS
Serum levels of AMY in rats

The S-P method was used to detect the expression
of TLR4 and NF-κBp56 proteins in lung tissues. Fixed
sections were incubated with the appropriate primary
and secondary antibodies. Color reactions were de
veloped using diaminobenzidine solution according to

WJG|www.wjgnet.com

Serum AMY was determined and showed a consistent
change. Hyperamylasemia was found in all SAP
groups, and AMY levels were significantly higher than
those in the control group (Table 1).
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0.05). TLR4 expression was much lower in the SAP-ω3FA group. Furthermore, NF-κBp56 expression level
was also significantly increased in the SAP groups
compared with the control group, while NF-κBp56
expression in the SAP-ω-3FA group was a little lower
than that in the SAP-soybean oil group (P < 0.05).
These results suggest that while the expression of
TLR4 and NF-κBp56 significantly increased in the
lungs of rats with SAP, ω-3FA down-regulated TLR4
expression and inhibited NF-κBp56 expression in the
lungs of rats with SAP.

Table 1 Serum amylase levels in the different groups
Group
Control
SAP-saline
SAP-soybean oil
SAP-ω-3FA

Time

Cases

Mean ± SE (IU/L)

12 h
24 h
12 h
24 h
12 h
24 h

8
8
8
8
8
8
8

1316.34 ± 115.21
4637.11 ± 621.57a
4352.54 ± 436.41d
4978.25 ± 918.48b
4245.89 ± 646.27e
4638.63 ± 586.14c
4163.47 ± 653.64f

a

P < 0.05; dP < 0.05; bP < 0.01; eP < 0.05; cP < 0.05; fP < 0.05 vs control group.
SAP: Severe acute pancreatitis; ω-3FA: ω-3 fatty acids.

DISCUSSION

Measurement of TNF-α and IL-6 levels in lungs

The first sign of multiple organ failure in SAP is often
[32]
impaired lung function due to ARDS . As a conse
quence of overactive SIRS, TNF-α and IL-6 are acti
vated within the circulation and attack the pulmonary
[33,34]
vascular endothelium
. Inflammatory cytokines
play an important role in lung injury in SAP and in the
translation of local pancreatic damage to a systemic
[35,36]
inflammatory response
. The increase in lung
pathological damage and lung edema is evidence of
SAP-associated lung injury. TLRs are proteins that can
trigger the inflammatory cascade reaction. Therefore,
an investigation into the tissue-specific expression of
TLRs (mainly TLR4) in lungs and determining their
roles is of great significance in understanding the
pathogenesis of SAP.
It is currently thought that TLRs may play a central
role in the recognition of endogenous or exogenous
antigens in the immune system and in the initiation
of signal transduction in the inflammatory reaction
during SAP. Some researchers believe that TLR4 may
play an important role in the synthesis and release
of inflammatory cytokines, and up-regulation of the
TLR4 gene may be related to the development and
[37,38]
progression of organ injury during SAP
. Some
studies have indicated that when SAP is stimulated,
the expression of cytokines and cell adhesion mole
cules is significantly up-regulated in the pancreas,
thereby promoting the accumulation of excessive
neutrophils in the area of inflammation leading to
[39,40]
injury of the pancreas and other organs
. Our study
showed that, during the early stages of SAP, there
was obvious expression of TLR4 and NF-κBp56 in lung
tissues. This expression increased as SAP developed;
peak expression was seen at 24 h. Changes in the
concentration of TNF-α and IL-6 in lungs were consistent
with pathological changes in lung tissues.
In recent years, a new ω-3 fish oil emulsion was
found to not only supply energy but also to exert some
important biological effects, such as immune regulation
[41-43]
and organ protection
. The main mechanisms of
action are as follows. On the one hand, ω-3FA can
enter the phospholipid pool of the cell membrane to
replace ω-6FA, and reach an appropriate ω-3/ω-6 ratio

Compared with the control group, TNF-α and IL-6 levels
in the lungs of the SAP-saline group, SAP-soybean oil
group and SAP-ω-3FA group were significantly higher
at each time point (P < 0.05). Moreover, lung TNF-α
and IL-6 levels in the SAP-ω-3FA group were lower than
those in the SAP-soybean oil group at each time point (P
< 0.05) (Table 2).

Histopathology of lung tissues

Significantly greater pulmonary interstitial alveolar
edema, and a larger number of alveolar bleeding
inflammatory cells were detected in the lungs of the
SAP-saline, SAP-soybean oil and SAP-ω-3FA groups,
but the progression of inflammation was different
among the groups: lung inflammation was significantly
decreased in the SAP-ω-3FA group compared with the
SAP-soybean oil group at the same time point (P <
0.05); no significant differences in histopathological
changes were detected between the SAP-saline group
and the SAP-soybean oil group at each time point;
and no histopathological changes were detected in the
control group (Figure 1, Table 3).

Immunohistochemistry of TLR4 and NF-κ Bp56 in lung
tissues

The immunohistochemistry results indicated that TLR4
and NF-κBp56 expression in the lungs was mainly in
neutrophils, macrophages, bronchial epithelial cells,
alveolar epithelial cells and microvascular endothelium
cells. The TLR4 and NF-κBp56 positive rate was
significantly higher in the SAP-soybean oil group than
in the SAP-ω-3FA group (P < 0.05) (Figures 2 and 3).

Western blot of TLR4 and NF-κ Bp56 in lung tissues

The Western blotting results showed the expression
level of TLR4 and NF-κBp56 in the lungs of the SAPsaline, SAP-soybean oil and SAP-ω-3FA groups
compared with the control group at 12 and 24 h. The
expression levels of both proteins in the groups are
shown in Figure 4 and Table 4. Compared with the
control group, the SAP-saline group and SAP-soybean
oil group showed a significantly higher expression
level of TLR4 in the lungs at each time point (P <
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Figure 1 Representative photographs of lung histology in rats from each group (magnification × 200). A: HC group; B: SAP-saline 12 h group; C: SAP-saline
24 h group; D: SAP-soybean oil 12 h group; E: SAP-soybean oil 24 h group; F: SAP-ω-3FA 12 h group; G: SAP-ω-3FA 24 h group. HC: Healthy control; SAP: Severe
acute pancreatitis; ω-3FA: ω-3 fatty acids.

surface receptors and molecules in immune cell
membranes, ω-3FA can participate in the immune
response, reduce the activity of immune cells and the
production of cytokines, and inhibit the inflammatory
[44-46]
response
. In our study, ω-3FA reduced the release

(1:2 to 1:4). They can competitively combine with
cyclooxygenase and lipoxygenase to inhibit production
of inflammatory mediators from ω-6FA which have a
strong pro-inflammatory action and immune regulation.
On the other hand, by reducing the expression of
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Figure 2 Immunohistochemical analysis of the toll-like receptor 4 protein in lungs from each group (magnification × 200). A: HC group; B: SAP-saline 12 h
group; C: SAP-saline 24 h group; D: SAP-soybean oil 12 h group; E: SAP-soybean oil 24 h group; F: SAP-ω-3FA 12 h group; G: SAP-ω-3FA 24 h group. HC: Healthy
control; SAP: Severe acute pancreatitis; ω-3FA: ω-3 fatty acids.

of the inflammatory cytokines TNF-α and IL-6, and
reduced lung injury.
However, it is unclear whether ω-3FA inhibits the
inflammatory response by reducing the expression
of TLR4 in lungs. In our study, we found that the ex

WJG|www.wjgnet.com

pression of TLR4 and NF-κBp56 was decreased in
the lungs of rats treated with ω-3FA. The inflamma
tory response and pathological changes in the lungs
improved after the application of ω-3FA. This suggested
that ω-3FA indirectly inhibits the expression of TLR4 by
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Figure 3 Immunohistochemical analysis of the nuclear factor-κB p56 protein in lungs from each group (magnification × 200). A: HC group; B: SAP-saline
12 h group; C: SAP-saline 24 h group; D: SAP-soybean oil 12 h group; E: SAP-soybean oil 24 h group; F: SAP-ω-3FA 12 h group; G: SAP-ω-3FA 24 h group. HC:
Healthy control; SAP: Severe acute pancreatitis; ω-3FA: ω-3 fatty acids.

inhibiting activation of NF-κBp56.
In conclusion, TLR4 may play an important role
during SAP-induced lung injury. TLR4 activation results
in a variety of inflammatory reactions, and ω-3FA can

WJG|www.wjgnet.com

inhibit the inflammatory response and reduce lung
injury by inhibiting the TLR4/NF-κBp56 signal pathway.
Development of these therapeutic strategies should
help reduce the complications and mortality associated
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Table 2 Changes in tumor necrosis factor-alpha and interleukin-6 in the lungs of the groups at each time point (pg/mL, mean ±
SE, n = 8)
Control
TNF-a (12 h)
IL-6 (12 h)
TNF-a (24 h)
IL-6 (24 h)

SAP-saline

24.18 ± 1.05
625.11 ± 124.1
24.22 ± 1.03
623.21 ± 124.3

SAP-soybean oil
a

SAP-ω-3FA

ad

43.24 ± 4.26
826.31 ± 76.34a
38.67 ± 4.87a
909.54 ± 26.23a

33.42 ± 6.37abc
739.67 ± 65.23abc
30.37 ± 10.23abc
801.27 ± 51.29abc

46.17 ± 13.63
827 ± 44.36ad
42.45 ± 11.14ad
925.18 ± 34.52ad

P < 0.05 vs control group at the same time point; dP > 0.05, bP < 0.05 vs SAP-saline group; cP < 0.05 vs SAP-soybean oil group. SAP: Severe acute pancreatitis;
ω-3FA: ω-3 fatty acids.
a

Table 3 Lung histopathology score in each group of rats (mean ± SE, n = 8)
Group

Pulmonary interstitial edema

Exudation of inflammatory cells

Alveolar bleeding

Alveolar edema

0.32 ± 0.06

0.21 ± 0.01

1.14 ± 0.02

0.14 ± 0.02

1.24 ± 0.11a
2.53 ± 0.21a

1.37 ± 0.14a
2.67 ± 0.26a

0.87 ± 0.09a
1.12 ± 0.12a

1.13 ± 0.08a
2.14 ± 0.11a

1.24 ± 0.21ad
2.15 ± 0.28abc

1.35 ± 0.24ad
2.38 ± 0.30abc

0.90 ± 0.25ad
0.85 ± 0.15abc

1.14 ± 0.12ad
1.95 ± 0.21abc

0.94 ± 0.16abc
2.15 ± 0.28abc

1.12 ± 0.15abc
2.38 ± 0.30abc

0.72 ± 0.38abc
0.85 ± 0.15abc

0.94 ± 0.36abc
1.95 ± 0.21abc

Control
SAP-saline
12 h
24 h
SAP-soybean oil
12 h
24 h
SAP-ω-3FA
12 h
24 h
a

P < 0.05 vs the control group; dP > 0.05, bP < 0.05 vs SAP-saline group at the same time point; cP < 0.05 vs SAP-soybean oil group at the same time point.
SAP: Severe acute pancreatitis; ω-3FA: ω-3 fatty acids.

Table 4 Densitometrically quantified toll-like receptor 4 and
nuclear factor-κB p56 bands in the lungs of each group of
rats, optical density (mean ± SE)
Group
Control
SAP-saline
SAP-soybean oil
SAP-ω-3FA

Time

Cases

12 h
24 h
12 h
24 h
12 h
24 h

8
8
8
8
8
8
8

TLR4
2.3 ± 0.3
3.9 ± 0.4a
4.0 ± 0.2a
3.8 ± 0.3ad
3.9 ± 0.4ad
2.7 ± 0.3abc
3.1 ± 0.4abc

N

S12

Z12

Y12

N

S24

Z24

Y24

A

B

C

D

E

F

G

H

TLR4
NF-κB
Actin β

NF-κBp56
2.5 ± 0.2
4.0 ± 0.3a
4.1 ± 0.4a
3.9 ± 0.3ad
3.8 ± 0.2ad
3.0 ± 0.2abc
2.9 ± 0.4abc

Figure 4 Western blot analysis of the toll-like receptor 4 and nuclear
factor-κB protein levels in lungs from each group. A: HC group; B: SAPsaline 12 h group; C: SAP-soybean oil 12 h group; D: SAP-ω-3FA 12 h group; E:
HC group; F: SAP-saline 24 h group; G: SAP-soybean oil 24 h group; H: SAPω-3FA 24 h group. HC: Healthy control; SAP: Severe acute pancreatitis; ω-3FA:
ω-3 fatty acids.

a

P < 0.05 vs the control group; dP > 0.05, bP < 0.05 vs SAP-saline group at
the same time point; cP < 0.05 vs SAP-soybean oil group at the same time
point. NF-κBp56: Nuclear factor-κB p56; SAP: Severe acute pancreatitis;
TLR4: Toll-like receptor 4; ω-3FA: ω-3 fatty acids.

Innovations and breakthroughs

In this study, the authors found that ω-3FA inhibited the inflammatory response
and reduced lung injury by inhibiting the TLR4/nuclear factor-κB p56 (NFκBp56) signal pathway.

with SAP.

Applications

The findings of this study may help to further understand the role of TLR4
during the course of SAP-induced lung injury.
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Abstract

Institutional review board statement: This study was
reviewed and approved by the institutional review board of
Yeungnam University Hospital.

AIM
To investigate the effect of Helicobacter pylori (H. pylori )
status test and H. pylori eradication on the occurrence
of metachronous gastric cancer (MGC) after endoscopic
submucosal dissection (ESD) of early gastric cancer
(EGC) and risk factors of MGC.

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
The authors retrospectively reviewed the medical
records of 433 patients (441 lesions) who underwent
ESD for EGC from January 2005 to January 2015 in
Yeungnam University Hospital. Patients were cate
gorized into two groups; the H. pylori tested group (n
= 257) and the H. pylori non-tested group (n = 176)
based on performance of H. pylori status test after
ESD of EGC. The H. pylori tested group was further
categorized into three subgroups based on H. pylori
status; the H. pylori -eradicated subgroup (n = 120),
the H. pylori -persistent subgroup (n = 42), and the
H. pylori -negative subgroup (n = 95). Incidences of
MGC and risk factors of MGC were identified.
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RESULTS
Median follow-up duration after ESD was 30.00 mo
(range, 6-107 mo). Total 15 patients developed MGC
during follow-up. MGC developed in 11 patients of
the H. pylori tested group (7 in the H. pylori -negative
subgroup, 3 in the H. pylori -eradicated subgroup, and
1 in the H. pylori -persistent subgroup) and 4 patients
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of the H. pylori non-tested group (P > 0.05). The risk
factors of MGC were endoscopic mucosal atrophy in the
H. pylori tested group and intestinal metaplasia in all
patients.

for development of gastric cancer reported to increase
[11,12]
by 2-4 folds in the patients with H. pylori infection
.
The effect of H. pylori eradication on development
of MGC after ER of EGC is still on debate. A study of
132 patients who underwent ER for EGC and showed
positive H. pylori serologic test demonstrated that
H. pylori eradication inhibited the growth of new gastric
[13]
cancer and a retrospective study of 283 patients with
H. pylori infection at time of ESD for EGC showed that
failure of H. pylori eradication was a risk factor of MGC
[5]
development . However, a study of 1258 patients who
underwent ESD for EGC reported that the incidence
rate of MGC was not significantly different between
[14]
patients with or without H. pylori eradication
and a
retrospective study of 268 patients with a 5-year followup reported that H. pylori eradication after ER for EGC
[15]
did not significantly reduced the incidence of MGC .
Studies about the effect of H. pylori status test on
development of MGC after ER of EGC has been scarce.
The aims of this study were to investigate the effect
of H. pylori status test and H. pylori eradication on the
occurrence of MGC after ESD of EGC and risk factors of
MGC.

CONCLUSION

H. pylori eradication and H. pylori status test seems

to have no preventive effect on the development
of MGC after ESD for EGC. The risk factors of MGC
development were endoscopic mucosal atrophy in the
H. pylori tested group alone and intestinal metaplasia
in all patients.
Key words: Metachronous gastric cancer; Endoscopic
submucosal dissection; Helicobacter pylori
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to evaluate the
effect of Helicobacter pylori (H. pylori ) status test and
H. pylori eradication on the occurrence of metachronous
gastric cancer (MGC) after endoscopic submucosal
dissection (ESD) of early gastric cancer (EGC) and
risk factors of MGC. H. pylori status test and H. pylori
eradication seems to have no preventive effect on the
occurrence of MGC after ESD for EGC. The risk factors
of MGC were endoscopic gastric mucosal atrophy in
H. pylori tested group alone and intestinal metaplasia
in all patients.

MATERIALS AND METHODS
Patients

The medical records of 599 patients with 611 lesions
who underwent ESD for EGC from January 2005 to
January 2015 at Yeungnam university hospital were
retrospectively reviewed. Exclusion criteria of the
present study were as follows: additional gastrectomy
due to a non-curative ESD of EGC and short-term
follow-up duration (< 6 mo) and a total of 166 patients
with 170 lesions were excluded from the present
study. Finally, 433 patients with 441 lesions were
included for analysis. Baseline clinical characteristics of
the patients, characteristics and histology findings of
EGC, performance of H. pylori status test and H. pylori
eradication and occurrence of MGC were analyzed.
Institutional review board approval was obtained for
this study (2016-06-035).

Kim SB, Lee SH, Bae SI, Jeong YH, Sohn SH, Kim KO, Jang
BI, Kim TN. Association between Helicobacter pylori status and
metachronous gastric cancer after endoscopic resection. World J
Gastroenterol 2016; 22(44): 9794-9802 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i44/9794.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9794

INTRODUCTION
Endoscopic resection (ER) including endoscopic mucosal
resection and endoscopic submucosal dissection
(ESD) is a recognized as one of treatment options for
curative resection of early gastric cancer (EGC) without
[1-4]
simultaneous concomitant lymph node metastasis .
Unlike surgery of EGC, ER preserves most part of the
stomach and this leads to increased risk of metachronous
gastric cancer (MGC) development in residual gastric
[5]
mucosa . As more EGCs are treated with ER recently,
identifying risk factors of MGC development after ER of
EGC is important.
Helicobacter pylori (H. pylori) infection is related
to the development of gastritis, atrophy, intestinal
[6-9]
metaplasia, dysplasia, and gastric cancer . Among
dietary, environmental, and genetic risk factors of
gastric cancer, H. pylori is classified as a Group 1 or
definite carcinogen for gastric cancer by the World
[10]
Health Organization . In previous reports, the odds
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H. pylori status and follow-up

Patients were divided into two groups; the H. pylori
tested group (n = 257) and the H. pylori non-tested
group (n = 176) based on performance of H. pylori
status test after ESD of EGC. Patients in the H. pylori
tested group were further divided into three subgroups;
the H. pylori negative subgroup, the H. pylori eradicated
subgroup, and the H. pylori persistent subgroup (Figure
1).
Among patients with positive H. pylori test results,
patients who agreed to treat H. pylori infection re
ceived H. pylori eradication. The regimen for first-line
H. pylori treatment was triple therapy with amoxicillin
1000 mg, clarithromycin 500 mg, and a protonpump inhibitor (pantoprazole 40 mg, eomeprazole
40 mg, lansoprazole 30 mg or rabeprazole 20 mg)
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611 lesions/599 patients underwent ESD for EGC
Excluded
170 lesions/ 166 patients had short-term follow-up
(< 6 mo) period and/or had operation due to non-curative ESD.
441 lesions/433 patients were included in this study

257 patients

176 patients

H. pylori tested group

H. pylori non-tested group
95 H. pylori infection (-)
(H. pylori negative group)

162 H. pylori infection (+)

120 H. pylori eradication success

19 H. pylori eradication failure

120 H. pylori eradicated group

23 H. pylori not treated

42 H. pylori persistent group

Figure 1 Study flowchart. EGC: Early gastric cancer; ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

all twice daily for a week. The regimen for secondline H. pylori treatment was a quadruple therapy with
metronidazole 500 mg (3 times daily), tetracycline 500
mg (4 times daily), tripotassium dicitrato bismuthate
300 mg (4 times daily), and a proton-pump inhibitor
(twice daily) for 10-14 d. Eradication was confirmed
by histology or rapid urase test at scheduled esopha
gogastroduodenoscopy (EGD) follow-up after ESD
or urea breathing test. After ESD, scheduled EGD
was performed at 2 or 3, 6, and 12 mo, and annually
thereafter.
The presence of gastric mucosal atrophy was asse
ssed through EGD and presence of intestinal meta
plasia through histology. MGC was defined as the
development of new gastric cancer at a previously
uninvolved site in the stomach after the 6 mo following
ESD. MGC was confirmed by histology of biopsy
specimens. Incidences of MGC was compared according
to performance of H. pylori status test and among the
H. pylori eradicated, persistent and negative group and
risk factors of MGC were analyzed.

RESULTS
Baseline characteristics of the patients

Mean age of the 433 patients included in the present
study was 67.02 years and 325 (75.1%) patients were
male and 108 (24.9%), female. Median follow-up
duration after ESD of EGC was 30.00 mo (range, 6-107
mo).
Among 257 patients of the H. pylori tested group,
162 (63.0%) patients showed positive result for
H. pylori test and 95 (37.0%) patients, negative. Of
these 162 patients with positive result of H. pylori test,
H. pylori eradication was done in 139 patients and
eradication was successful in 120 (86.3%) patients.
Ninety-five patients without H. pylori infection were
classified as the H. pylori-negative subgroup, 120
patients with successful H. pylori eradication as the
H. pylori-eradicated subgroup, and 42 patients (19
patients in whom H. pylori eradication failed and 23
patients not treated for H. pylori infection) as the H.
pylori-persistent subgroup (Figure 1). The mean age
of H. pylori tested group was 66.61 years and 189
(73.5%) patients were male. Patients in the H. pylorieradicated subgroup were significantly younger
than patients in the H. pylori-negative and H. pyloripersistent subgroups (P < 0.05). The mean followup duration was not significantly different between
three subgroups (P > 0.05). Endoscopic mucosal
atrophy and intestinal metaplasia were significantly
more prevalent in the H. pylori-negative subgroup
than the other two subgroups (P < 0.05). The location
and macroscopic type of primary gastric cancer were
not significantly different between three subgroups
(P > 0.05). The H. pylori-persistent subgroup had
significantly less differentiated cancers than other two
subgroups (P = 0.032) (Table 1).
The mean age and follow-up duration were not

Statistical analysis

Results are presented as means and standard devi
2
ations or as medians and ranges. The χ or Fisher’s
exact test and one-way analysis of variance test or
the Student’s t-test were used to compare categorical
and continuous variables, respectively. The log-rank
test was used for to compare group incidence rates.
Univariate and multivariate Cox proportional hazard
regression analyses were used to identify independent
risk factors associated with MGC development. Cova
riates with P values of < 0.05 by univariate analyses
were entered into multivariate analysis. Statistical
analyses of the data were performed using SPSS 20
(IBM SPSS, Chicago, IL, United States). Statistical
significance was accepted for P values < 0.05.
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Table 1 Baseline characteristics of patients in the Helicobacter pylori tested group n (%)

Sex
Male
Female
Age, mean (SD)
Follow-up period (mo), mean (SD)
Endoscopic mucosal atrophy
Intestinal metaplasia
Location of primary cancer
Upper
Middle
Lower
Macroscopic type of primary cancer
Elevated
Flat
Depressed
Diameter of primary cancer (cm),
mean (SD)
Histology of primary cancer
Differentiated
Undifferentiated
ESD criteria
Absolute
Expended
Beyond expanded
Depth of primary cancer
Mucosa
Submucosa
Metachronous cancer recurrence

H. pylori

H. pylori

H. pylori

negative group
(n = 95)

persistent group
(n = 42)

eradicated group
(n = 120)

P value

74 (77.9)
21 (22.1)
68.65 (8.86)
36.18 (± 26.74)
50 (52.6)
63 (66.3)

29 (69.0)
13 (31.0)
67.31 (9.12)
33.29 (± 25.93)
8 (19.0)
18 (42.9)

86 (71.7)
34 (28.3)
64.76 (10.10)
32.78 (± 23.72)
25 (20.8)
32 (26.7)

10 (10.5)
36 (37.9)
49 (51.6)

5 (11.9)
14 (33.3)
23 (54.8)

10 (8.3)
35 (29.2)
75 (62.5)

0.577

40 (42.1)
13 (13.7)
42 (37.0)
14.24 (7.31)

122 (8.6)
5 (11.9)
25 (59.5)
13.83 (6.22)

57 (47.5)
9 (7.5)
54 (45.0)
13.67 (6.90)

0.177

93 (97.9)
2 (2.1)

38 (90.5)
4 (9.5)

118 (98.3)
2 (1.7)

0.032

73 (76.8)
18 (18.9)
4 (4.2)

33 (78.6)
5 (11.9)
4 (9.5)

95 (79.2)
19 (15.8)
6 (5.0)

0.636

89 (93.7)
6 (6.3)
7 (7.4)

40 (95.2)
2 (4.8)
1 (2.4)

111 (92.5)
9 (7.5)
3 (2.5)

0.819

0.454
0.011
0.149
< 0.001
< 0.001

0.978

0.173

ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

Characteristics of patients with MGC

significantly different between the H. pylori tested and
the H. pylori non-tested groups (P > 0.05). Endoscopic
mucosal atrophy and intestinal metaplasia was sig
nificantly more frequent in the H. pylori tested group
than in the H. pylori non-tested group, and location of
primary gastric cancer location was significantly lower
in the H. pylori tested group than the H. pylori nontested group (P < 0.05). In addition, the H. pylori nontested group had more elevated lesions than the H. pylori
tested group and the H. pylori tested group had more
depressed lesions than the H. pylori non-tested group
(P < 0.05) (Table 2).

Mean age of patients with MGC was 68.93 years and all
patients with MGC were male. No significant differences
were observed between MGC group and non-MGC
group in terms of age, primary cancer location, and
primary lesion size (P > 0.05), and mean follow-up
duration was not significantly different between two
groups (P = 0.752). Endoscopic mucosal atrophy and
intestinal metaplasia were significantly more prevalent
in patients with MGC than without (P < 0.05) (Table 3).
In the H. pylori tested group, age, primary cancer
location, and lesion size were not significantly different
between patients with or without MGC and follow-up
duration was similar between two groups (33.72 ±
23.64 vs 34.13 ± 25.30, P = 0.997). The patient with
MGC showed higher proportion of negative H. pylori
status than without (63.6% vs 35.8%, P = 0.061).
However, endoscopic mucosal atrophy and intestinal
metaplasia were observed significantly more in
patients with MGC than without (72.7% vs 30.5%, P =
0.003 and 81.8% vs 42.3%, P = 0.010) (Table 4).

Development of MGC according to H. pylori status

Among total 433 patients, MGC developed in 15 (3.5%)
patients; 11 (4.3%) patients in the H. pylori tested
group and 4 (2.3%) in the H. pylori non-tested group
without significant difference (P = 0.262) (Table 2).
Among 11 patients who developed MGC in the
H. pylori tested group, MGC developed in 7 (7.4%)
patients of the H. pylori-negative subgroup, 3 (2.5%)
patients of the H. pylori-eradicated subgroup, and 1
(2.4%) patient of the H. pylori-persistent subgroup.
Although the incidence of MGC was higher in the H.
pylori-negative subgroup than other two subgroups,
statistical significance was not found among the three
subgroups (P = 0.173) (Table 1).
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Factors associated with the development of MGC

In the H. pylori test group, endoscopic mucosal atrophy
and intestinal metaplasia were found to be significantly
associated with the development of MGC by univariate
analysis (P < 0.05). Multivariate Cox proportional
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Table 2 Baseline characteristics of patients according to performance of Helicobacter pylori status test n (%)

Sex
Male
Female
Age, mean (SD)
Follow-up period (mo), mean (SD)
Endoscopic mucosal atrophy
Intestinal metaplasia
Location of primary cancer
Upper
Middle
Lower
Macroscopic type of primary cancer
Elevated
Flat
Depressed
Diameter of primary cancer (cm), mean (SD)
Histology of primary cancer
Differentiated
Undifferentiated
ESD criteria
Absolute
Expended
Beyond expanded
Depth of primary cancer
Mucosa
Submucosa
Metachronous cancer recurrence

H. pylori tested group
(n = 257)

H. pylori non-tested group
(n = 176)

P value

189 (73.5)
68 (26.5)
66.61 (9.63)
34.12 (25.19)
83 (32.3)
113 (44.0)

136 (77.3)
40 (22.7)
67.60 (10.03)
33.31 (18.11)
12 (6.8)
14 (8.0)

25 (9.7)
85 (33.1)
147 (57.2)

12 (6.8)
37 (21.0)
127 (72.2)

109 (42.4)
27 (10.5)
121 (47.1)
13.91 (6.93)

95 (54.0)
24 (13.6)
57 (32.4)
14.30 (5.74)

249 (96.9)
8 (3.1)

171 (97.2)
5 (2.8)

201 (78.2)
42 (16.3)
14 (5.4)

142 (80.7)
20 (11.4)
14 (8.0)

0.234

240 (93.4)
17 (6.6)
11 (4.3)

161 (91.5)
15 (8.5)
4 (2.3)

0.456

0.378
0.303
0.699
< 0.001
< 0.001

0.006

0.009
0.540

0.871

0.262

ESD: Endoscopic submucosal dissection; H. pylori: Helicobacter pylori.

Table 3 Comparisons of clinical characteristics between patients with or without metachronous gastric cancer in all patients n (%)

Sex
Male
Female
Age, mean (SD)
Location of primary cancer
Upper
Middle
Lower
Lesion size (cm), mean (SD)
Endoscopic mucosal atrophy
Intestinal metaplasia
Histology of undifferentiated type
SM invasion
Non-performance of H. pylori status test
Follow-up period (mo), mean period (SD)

Non-metachronous gastric cancer group
(n = 418)

Metachronous gastric cancer group
(n = 15)

P value

310 (74.2)
108 (25.8)
66.95 (9.82)

15 (100)
0 (0)
68.93 (9.35)

0.028

35 (8.4)
115 (27.5)
268 (64.1)
14.01 (6.10)
87 (20.8)
117 (28.0)
12 (2.9)
31 (7.4)
172 (41.1)
33.72 (22.58)

2 (13.3)
7 (46.7)
6 (40.0)
15.60 (13.48)
8 (53.3)
10 (66.7)
1 (6.7)
1 (6.7)
4 (26.7)
35.60 (22.68)

0.163

0.441

0.350
0.003
0.001
0.397
0.913
0.262
0.752

SM: Submucosa; H. pylori: Helicobacter pylori.

hazard regression analysis revealed an association with
MGC development only for endoscopic mucosal atrophy
(HR = 6.080, P = 0.009) (Table 5).
In all patients, endoscopic mucosal atrophy and
intestinal metaplasia were significantly associated
with MGC development in univariate analysis and
multivariate Cox proportional hazard regression analysis
showed an association between intestinal metaplasia
and MGC development (HR = 4.67, P = 0.006) (Table 6).

WJG|www.wjgnet.com

DISCUSSION
In the present study, 15 (3.5%) of the 433 patients
developed MGC after ESD for EGC and this result
[16,17]
was comparable with previous reports
. MGC
occurs more frequently after ER for EGC than surgery
[16-19]
(2.5%-14% vs 1.8%-5%)
. This increased risk
of MGC after ER for EGC can be partly explained by
higher proportion of salvaged stomach in ER than
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Table 4 Comparisons of the clinical characteristics of patients with or without matachronous gastric cancer in the Helicobacter

pylori tested group n (%)

Non-metachronous gastric cancer group
(n = 246)

Metachronous gastric cancer group
(n = 11)

P value

178 (72.4)
68 (29.6)
66.44 (9.66)

11 (100)
0 (0)
70.45 (8.52)

0.042

24 (9.8)
79 (32.1)
143 (58.1)
13.75 (6.32)
75 (30.5)
104 (42.3)
8 (3.3)
16 (6.5)
41 (16.7)
88 (35.8)
34.13 (25.30)

1 (9.1)
6 (54.5)
4 (36.4)
17.36 (15.45)
8 (72.7)
9 (81.8)
0 (0)
1 (9.1)
1 (9.1)
7 (63.6)
33.72 (23.64)

0.290

Sex
Male
Female
Age, mean (SD)
Location of primary cancer
Upper
Middle
Lower
Lesion size (cm), mean (SD)
Endoscopic mucosal atrophy
Intestinal metaplasia
Histology of undifferentiated type
SM invasion
Persistent H. pylori infection
H. pylori negative
Follow-up period (mo), mean (SD)

0.177

0.458
0.003
0.010
0.543
0.736
0.173
0.061
0.958

SM: Submucosa; H. pylori: Helicobacter pylori.

Table 5 Results of univariate and multivariate analysis for factors associated with the development of metachronous gastric cancer
in the Helicobacter pylori tested group
Univariate analysis
Age ≥ 65 yr
Endoscopic mucosal atrophy
Intestinal metaplasia
Histology of undifferentiated type
SM invasion
H. pylori negative
H. pylori eradication

Multivariate analysis

HR

95%CI

P value

1.736
6.080
6.144
0.000
1.437
3.142
0.413

0.449-6.705
1.569-23.556
1.300-29.033
0.000
0.173-11.942
0.895-11.031
0.107-1.595

0.424
0.009
0.022
0.999
0.737
0.074
0.200

HR

95%CI

P value

6.080
2.654

1.569-23.556
0.400-17.621

0.009
0.312

1.638

0.426-6.299

0.473

SM: Submucosa; H. pylori: Helicobacter pylori.

Table 6 Results of univariate and multivariate analysis for factors associated with the development of metachronous gastric cancer
in all patients
Univariate analysis
Age ≥ 65 yr
Endoscopic mucosal atrophy
Intestinal metaplasia
Histology of undifferentiated type
SM invasion
H. pylori non-tested

Multivariate analysis

HR

95%CI

P valve

1.317
4.348
5.145
2.417
0.892
0.520

0.442-3.923
1.535-12.320
1.722-15.373
0.293-19.902
0.113-7.007
0.163-1.660

0.620
0.006
0.003
0.412
0.913
0.270

HR

95%CI

P value

1.966
5.145

0.526-7.351
1.722-15.373

0.315
0.003

SM: Submucosa; H. pylori: Helicobacter pylori.

surgery. The mean duration of MGC development from
ESD of EGC was 35.6 mo and 3 patients developed MGC
after 5 years from initial ESD of EGC. A retrospective
study of 1526 patients who underwent ESD for EGC
reported that 5-year, 7-year, and 10-year cumulative
incidence functions of MGC were 9.5%, 13.1%, and
[20]
22.7%, respectively . Meticulous examination at
surveillance EGD is needed in patients who underwent
ER for EGC and EGD should be done with schedule.
Further studies are needed to find optimal schedule for

WJG|www.wjgnet.com

surveillance EGD after ER of EGC.
The chronic inflammation of stomach induced by
H. pylori infection may lead to mucosal atrophy, intestinal
metaplasia, and dysplasia, and risk of developing
gastric cancer is increased in patients exhibiting such
[21,22]
histologic changes of stomach
. An animal study
has reported that H. pylori eradication decreased polyp
formation, inflammatory cell infiltration, and cellular
proliferation in the gastric mucosa and suggested that
H. pylori eradication could diminish mucosal alterations
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[23]

related to gastric carcinogenesis . However, the
preventative effect of H. pylori eradication on MGC
development after ESD for EGC is still on debate. In
the present study, the incidence of MGC after ESD
of EGC was not significantly different between the
H. pylori-negative subgroup, the H. pylori-eradicated
subgroup, and the H. pylori-persistent subgroups and
H. pylori eradication had no preventive effect on the
development of MGC after ESD of EGC. However, the
H. pylori-negative subgroup showed higher tendency
towards development of MGC after ESD of EGC than
other two subgroups without statistical significance
and this might be due to significantly higher proportion
of endoscopic mucosal atrophy and intestinal metaplasia
in the H. pylori-negative subgroup than other two
subgroups. The higher proportion of patients with
intestinal metaplasia in the H. pylori-negative subgroup
might have led to false negative result in the H. pylori
status test.
In the present study, the development of MGC was
compared according to performance of H. pylori status
test and no significant difference in the development
of MGC after ESD of EGC was observed between two
groups during follow-up. As H. pylori status test and
H. pylori eradication failed to show preventive effect on
development of MGC after ESD of EGC in the present
study, further large scaled prospective studies are
needed to clarify the effect of H. pylori status test and
H. pylori eradication on MGC development in patients
who underwent ESD for EGC.
The mucosal atrophy of stomach has been pre
viously reported to contribute to the development of
[15]
MGC . A study of 100 patients who underwent ESD
for EGC reported that the frequency of severe atrophy
assessed by histology was higher in the group that
developed cancer compared to the group that did not
and severity of atrophy was the only independent risk
[24]
factor of MGC development after H. pylori eradication .
In the present study, endoscopic mucosal atrophy and
intestinal metaplasia were observed more frequently in
patients with MGC than in those without. Furthermore,
multivariate analysis showed that endoscopic mucosal
atrophy in the H. pylori tested group and intestinal
metaplasia in all patients as a risk factor of MGC
development after ESD of EGC.
The effect of H. pylori eradication on improve
ment of mucosal atrophy remains unclear in previous
[25-28]
studies
. A study of 544 patients with EGC
reported the preventive effect of H. pylori eradication
on development of MGC after ER of EGC even in
[29]
patients with corpus atrophy . However, a largescale, randomized, and controlled study about 1630
healthy carriers of H. pylori infection in China reported
that the H. pylori carriers with precancerous state
defined as presence of mucosal atrophy, intestinal
metaplasia, or dysplasia had no preventive effect of H.
[30]
pylori eradication on development of gastric cancer .
The ineffectiveness of H. pylori eradication on MGC
development after ESD of EGC in the present study
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might have been due to irreversible mucosal atrophic
change. Further studies to clarify the effect of H. pylori
eradication on MGC development according to status
of gastric mucosa is needed.
In the present study, all patients who developed
MGC were male. A previous study reported that male
gender was one of risk factors for MGC development
[20]
of ESD of EGC . However, male gender was not
found as a risk factor of MGC in the present study and
further study with longer follow up duration is needed
to clarify the effect of gender on development of MGC
after ESD of EGC.
The present study has several limitations. First,
its retrospective nature study makes selection bias
inevitable, as was reflected by differences in the
baseline characteristics of patients including atrophy and
intestinal metaplasia status. Second, relatively small
patients of MGC were included for the analysis, and if
more patients with MGC had been included, it is possible
that H. pylori eradication might have been found to
influence MGC development. Third, determination of H.
pylori infection status was inadequate, and thus, false
negative and positive results were possibly included.
Forth, we did not examine other causes of mucosal
atrophy.
In conclusion, H. pylori eradication and H. pylori
status test seems to have no preventive effect on
the development of MGC after ESD for EGC. The risk
factors of MGC development after ESD of EGC were
gastric mucosal atrophy in H. pylori tested group and
intestinal metaplasia in all patients.
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Terminology

Early gastric cancer: An adenocarcinoma that is restricted to the mucosa or
submucosa of stomach, irrespective of lymph node metastasis.
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AIM
To investigate the clinicopathological features and
prognostic implications of combined MYC and fibroblast
growth factor receptor 1 (FGFR1) status in esophageal
squamous cell carcinomas (ESCCs).

Institutional review board statement: This study was
reviewed and approved by Institutional Review Board of SNUH
(H-1405-055-579).

METHODS
All patients with ESCC (n = 180) underwent surgical
resection at Seoul National University Hospital sometime
between 2000 and 2013. A tissue microarray was
constructed using cores obtained from representative
tumor areas of formalin-fixed, paraffin-embedded tissue
blocks. FGFR1 and MYC copy numbers were quantified
using fluorescence in situ hybridization. The level of MYC
expression was determined using immunohistochemistry.
FGFR1 and MYC amplification status was compared
between primary and metastatic lymph nodes. Univariate
and multivariate survival analyses were performed
according to adjuvant therapy status.

Conflict-of-interest statement: The authors declare no conflict
of interests.
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.

WJG|www.wjgnet.com

9803

November 28, 2016|Volume 22|Issue 44|

Kwon D et al . FGFR1 and MYC in esophageal cancer

RESULTS

v22/i44/9803.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i44.9803

FGFR1 and MYC amplifications were observed in 21.4%

(37/173) and 54.2% (91/168) of patients, respectively,
while MYC expression was observed in 58.9% (106/180)
of patients. There was a positive correlation between
MYC amplification and overexpression (P = 0.002).
Although FGFR1 amplification was not associated with
MYC amplification or expression, 12.3% (20/163)
of patients exhibited both FGFR1 amplification and
MYC expression. There was also a correlation in
FGFR1 amplification status between matched primary
tumors and metastatic lymph nodes (P < 0.001). MYC
expression was higher in ESCCs with pT1 (P < 0.001)
and in those with no lymph node metastasis (P = 0.023).
MYC expression was associated with prolonged diseasefree survival (P = 0.036) and overall survival (OS) (P =
0.017) but was not an independent prognostic factor.
FGFR1 amplification was an independent predictor for
prolonged OS in all patients (P = 0.029) and in those
who did not receive adjuvant therapy (P = 0.013).
Combined FGFR1 amplification and MYC expression
predicted better OS in patients who did not receive
adjuvant therapy (P = 0.034) but not in those who did
receive adjuvant therapy.

INTRODUCTION
Esophageal cancer is the eighth most common and
the sixth leading cause of cancer-related mortality
[1]
worldwide . Esophageal squamous cell carcinoma
(ESCC) accounts for the majority of esophageal cancers.
Recently, genomic and molecular alterations have been
discovered in ESCC, including activation of the receptor
tyrosine kinase (RTK) pathway, cell cycle dysregulation, activation of Wnt and Notch signaling pathways
[2,3]
and epigenetic modifications . However, molecular
[4]
targeted therapy for ESCC remains to be established .
Fibroblast growth factor receptors (FGFRs) are RTKs
expressed in many different cell types and regulate cell
proliferation, differentiation and survival. FGFRs also
[5,6]
have oncogenic roles in many cancers . In contrast,
the FGFR signaling pathway can act as a tumor suppressor by promoting cell differentiation, regulating
other oncogenic pathways, protecting cells from injury,
[5,7]
or mediating immune surveillance . FGFR1 is one
[2,8,9]
of the most frequently amplified genes in ESCC
.
Additionally, new drugs targeting FGFR and its related
pathways, including multi-kinase inhibitors and selected FGFR inhibitors, have been introduced for cancer
[5,10]
treatment
. However, the prognostic significance
of FGFR1 amplification in patients with ESCC remains
[11,12]
controversial
.
Pulmonary squamous cell carcinoma (SCC) is ano
ther cancer frequently showing FGFR1 amplification.
Reportedly, MYC expression together with FGFR1
amplification regulates oncogenic transformation of
FGFR1 and modulates responses to FGFR inhibitors
[13,14]
in pulmonary SCC
. Those studies showed that
FGFR1, located at 8p12, and MYC, located at 8q24,
[13]
were frequently co-amplified in pulmonary SCC . MYC
plays an important role in cell proliferation and carci[15,16]
nogenesis in many types of cancer
. Additionally, a
potential role of MYC as a predictor of the sensitivity
to FGFR inhibitors in pulmonary SCC requires further
investigation. However, the prevalence of FGFR1 and
MYC alterations and their relationship have not been
addressed in patients with ESCC. Thus, we investigated FGFR1 amplification and MYC amplification and
expression in patients with resected ESCC and analyzed their clinicopathological features and prognostic
significance.

CONCLUSION

FGFR1 amplification and MYC expression have prog

nostic implications in resected ESCCs with respect to
adjuvant therapy. The role of FGFR1-targeted therapy
in ESCC remains to be explored.

Key words: Receptor tyrosine kinase; Fibroblast growth
factor receptor 1; MYC; Esophageal squamous cell
carcinoma; Gene amplification; Prognosis; Fluorescent in
situ hybridization
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: MYC expression, together with fibroblast
growth factor receptor 1 (FGFR1) amplification, was
reported to modulate oncogenic transformation.
We evaluated both FGFR1 and MYC statuses in
patients with resected esophageal squamous cell
carcinoma (ESCC). FGFR1 and MYC amplifications
were observed in 21.4% and 54.2% of patients with
ESCC, respectively, while 12.3% exhibited both FGFR1
amplification and MYC expression. MYC expression and
FGFR1 amplification were significantly associated with
prolonged survival. Combined FGFR1 amplification and
MYC expression was a predictor of better survival in
patients who did not receive adjuvant therapy, but not
in those who did. As such, FGFR1 and MYC might have
prognostic implications in resected ESCCs with respect
to adjuvant therapy.

MATERIALS AND METHODS
Patients and samples

Patients who underwent surgical resection for ESCC at
Seoul National University Hospital (SNUH) from 2000
to 2013 were reviewed. Patients who received neoadjuvant chemo- and/or radiotherapy and those who

Kwon D, Yun JY, Keam B, Kim YT, Jeon YK. Prognostic
implications of FGFR1 and MYC status in esophageal squamous
cell carcinoma. World J Gastroenterol 2016; 22(44): 9803-9812
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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This study followed the World Medical Association
Declaration of Helsinki recommendations and was
approved by the Institutional Review Board of SNUH
(H-1405-055-579).

Table 1 Clinicopathological characteristics of patients with
esophageal squamous cell carcinoma
n (%)

Variables
Age (yr)

≤ 60

Sex
Smoking
Histological grade

Localization

T

N

Stage

Adjuvant therapy
FGFR1 amplification

MYC amplification

MYC expression

> 60
Male
Female
No
Yes
WD
MD
PD and basaloid
Upper
Middle
Lower
EGJ
1a
1b
2
3
4
0
1
2
3
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
No
Yes
No amplification
Low amplification
High amplification
No amplification
Low amplification
High amplification
0 (none)
1 (weak)
2 (moderate)
3 (strong)

46 (25.6)
134 (74.4)
169 (93.9)
11 (6.1)
28 (15.6)
151 (84.4)
35 (19.4)
119 (66.1)
26 (14.4)
7 (3.9)
44 (24.9)
116 (65.5)
10 (5.6)
16 (8.9)
65 (36.1)
17 (9.4)
78 (43.3)
4 (2.2)
92 (51.1)
52 (28.9)
29 (16.1)
7 (3.9)
14 (7.8)
49 (27.2)
21 (11.7)
32 (17.8)
37 (20.6)
19 (10.6)
8 (4.4)
112 (67.8)
58 (32.2)
136 (78.6)
3 (1.7)
34 (19.7)
77 (45.9)
20 (11.9)
71 (42.3)
74 (41.1)
54 (30.0)
41 (22.8)
11 (6.1)

FGFR1 and MYC FISH

To evaluate FGFR1 and MYC gene copies, FISH was
performed using Vysis LSI FGFR1 SpectrumRed probe,
Vysis LSI c-MYC (8q24.12-q24.13) SpectrumOrange
probe and Vysis CEP8 (D8Z2) SpectrumGreen probe
as a chromosome enumeration probe (Abbott Molecular, Abbott Park, IL, United States), according to the
[17]
manufacturer’s protocol and as reported previously .
The entire tumor area was scanned for hot spots
representing increased FGFR1 copy numbers. Random
areas were selected for evaluation if the signals were
distributed homogeneously. A minimum of 60 nonoverlapping tumor nuclei were counted for the number
of FGFR1 and CEP8 signals. FGFR1 gene copy status
was classified according to the criteria proposed by
[18]
Schildhaus et al . In brief, high-level FGFR1 amplification was defined as follows: (1) an FGFR1/CEP8
ratio ≥ 2; (2) ≥ 15 FGFR1 signals in ≥10% of tumor
cells; or (3) average number of FGFR1 signals/cell ≥
6. Low-level FGFR1 amplification was defined as ≥ 5
FGFR1 signals/cell in ≥ 50% of tumor cells. The same
methods and criteria were applied to evaluate MYC
gene status.

IHC

To evaluate MYC expression, IHC was performed using
a rabbit monoclonal anti-c-MYC antibody (EP121,
Cell Marque, Rocklin, CA, United States) and the
Benchmark XT autostainer (Ventana Medical Systems,
Tucson, AZ, United States). MYC expression was
evaluated using a four-tier scoring system as follows:
0, none or any staining in < 10% of cells; 1, weak; 2,
moderate; and 3, strong staining in ≥ 10% of tumor
cells. Cases with a score of 1-3 were considered to
express MYC.

FGFR1: Fibroblast growth factor receptor 1; WD: well differentiated; MD:
moderately differentiated; PD: poorly differentiated; EGJ: esophagogastric
junction.

Statistical analysis

Statistical analysis was performed using SPSS (version
22.0; IBM Corp., Armonk, NY, United States). Differences between FGFR1 or MYC status and clinicopathological variables were determined using Fisher’s exact
test or Student’s t-test. The Kaplan-Meier method
with the log-rank test and Cox proportional hazards
regression analysis were used for survival analyses.
Two-sided P-values < 0.05 were considered to indicate
statistical significance.

had distant metastasis at the time of surgery were
excluded. Finally, 180 total patients participated in this
study. Clinical data including demographic features,
treatment modalities and outcomes were obtained
from medical records by an oncologist (B.K.). Overall
survival (OS) was calculated from the date of diagnosis
to the date of death from any cause or the last followup, and disease-free survival (DFS) was calculated
from the date of diagnosis to the date of disease
recurrence. Pathological tumor-node-metastasis (TNM)
th
stage was based on the 7 American Joint Committee
on Cancer. A tissue microarray was constructed from
2-mm diameter cores obtained from representative
tumor areas of formalin-fixed paraffin-embedded
tissue blocks and submitted for fluorescence in situ
hybridization (FISH) and immunohistochemistry (IHC).

WJG|www.wjgnet.com

RESULTS
Clinicopathological characteristics of patients with
ESCC

The clinicopathological features of 180 patients with
resected ESCC are summarized in Table 1. Briefly, the
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A

B

C

D

E

F

Figure 1 Representative images of fluorescence in situ hybridization and immunohistochemistry for fibroblast growth factor receptor 1 and MYC in
esophageal squamous cell carcinoma. A and B: High amplification of FGFR1 with increased gene copies of FGFR1 (red signal), compared to chromosome 8 (CEP8,
green signal), was observed; C and D: High amplification of MYC with increased gene copies of MYC (orange signal), compared to CEP8 was observed; E and F:
MYC immunohistochemistry in the nuclei of tumor cells; E: Weak, F: Strong intensity (original magnification, × 400). FGFR1: Fibroblast growth factor receptor 1.

median age of the patients was 64.76 years (range,
41-83 years), and 74.4% were older than 60 years of
age. Most patients were males (93.9%) and former
or current smokers (84.4%). pT1b (36.1%) and pT3
(43.3%) diseases were common, and lymph node
metastasis was observed in 48.9% of patients. Tumors
were frequently localized in the lower esophagus
(65.5%).

low amplification in 11.9%, n = 20; Figure 1C and D).
MYC expression was observed in 58.9% (106/180) of
patients (weak expression in 30%, moderate expression in 22.8% and strong expression in 6.1%; Figure
1E and F). MYC amplification was positively correlated
with MYC expression (P = 0.002; data not shown).
FGFR1 amplification status was not associated with
MYC amplification or protein expression.
The relationships between FGFR1 or MYC status
and clinicopathological features are summarized in
Table 2. ESCC patients with FGFR1 amplification were
younger than those without FGFR1 amplification (mean
± SD, 62.3 ± 8.4 years versus 65.6 ± 7.4 years, P =
0.022). Other clinicopathological parameters including sex, histological differentiation, smoking status
and TNM stage were not significantly correlated with

FGFR1 and MYC alterations in ESCC and the associated
clinicopathological features

In ESCCs, FGFR1 amplification was detected in 21.4%
(37/173) of patients (high amplification in 19.7%, n
= 34 and low amplification in 1.7%, n = 3; Figure 1A
and B). MYC amplification was found in 54.2% (91/168)
of patients (high amplification in 42.3%, n = 71 and
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Table 2 Correlation among fibroblast growth factor receptor 1 amplification, MYC expression and clinicopathological features
FGFR1, n (%)

Variables

1

MYC, n (%)

no amplification

amplification

P value

no expression

expression

P value

30/44 (68.2)
106/129 (82.2)

14/44 (31.8)
23/129 (17.8)

0.058

18/46 (39.1)
56/134 (41.8)

28/46 (60.9)
78/134 (58.2)

0.862

21/28 (75)
115/145 (79.3)

7/28 (25)
30/145 (20.7)

0.619

12/28 (42.9)
61/151 (40.4)

6/28 (57.1)
90/151 (59.6)

0.836

29/34 (85.3)
90/117 (76.9)
11/16 (68.8)
6/6 (100)

5/34 (14.7)
27/117 (23.1)
5/16 (31.2)
0/6 (0)

0.350

17/35 (48.6)
43/119 (36.1)
10/18 (55.6)
4/8 (50)

18/35 (51.4)
76/119 (63.9)
8/18 (44.4)
4/8 (50)

0.267

6/7 (85.7)
34/42 (81)
86/111 (77.5)
8/10 (80)

1/7 (14.3)
8/42 (19)
25/111 (22.5)
2/10 (20)

0.981

4/7 (57.1)
20/44 (45.5)
45/116 (38.8)
4/10 (40)

3/7 (42.9)
24/44 (54.5)
71/116 (61.2)
6/10 (60)

0.688

66/80 (82.5)
12/16 (75)
55/73 (75.3)
3/4 (75)

14/80 (17.5)
4/16 (25)
18/73 (24.7)
1/4 (25)

0.602

22/81 (27.2)
6/17 (35.3)
43/78 (55.1)
3/4 (75)

59/81 (72.8)
11/17 (64.7)
35/78 (44.9)
1/4 (24)

< 0.001

73/90 (81.1)
63/83 (75.9)

17/90 (18.9)
20/83 (24.1)

0.460

30/92 (32.6)
44/88 (50)

62/92 (67.4)
44/88 (50)

0.023

51/62 (82.3)
40/52 (76.9)
45/59 (76.3)

11/62 (17.7)
12/52 (23.1)
14/59 (23.7)

0.694

18/63 (28.6)
17/53 (32.1)
39/64 (60.9)

45/64 (71.4)
36/53 (67.9)
25/64 (39.1)

< 0.001

Age (yr)
≤ 60
> 60
Smoking
No
Yes
Histological grade
WD
MD
PD
Others
Localization
Upper
Middle
Lower
EGJ
T
1
2
3
4
N
0
1-3
Stage
Ⅰ
Ⅱ
Ⅲ
1

Differences in the proportions of fibroblast growth factor receptor 1 (FGFR1) amplification and MYC expression according to the clinicopathological
variables were compared using Fisher’s exact test. WD: well differentiated; MD: moderately differentiated; PD: poorly differentiated; EGJ: esophagogastric
junction.

< 0.001; Table 3). Briefly, FGFR1 amplification in the
primary tumor was observed in 11 of 56 cases, and
7 (63.6%) patients also showed FGFR1 amplification
in metastatic tumors of the regional lymph nodes. In
contrast, only 3 (6.7%) of the 45 cases who did not
have FGFR1 amplification in the primary tumor exhibited FGFR1 amplification in metastatic tumors of the
lymph nodes. In contrast, MYC gene copy status was
not correlated with the primary tumors or metastatic
tumors of the lymph nodes (Table 3).

Table 3 Correlation of fibroblast growth factor receptor
1 and MYC amplification status between the tumors of the
primary and the metastatic lymph nodes, n (%)
Metastatic lymph nodes

Total P value

no amplification amplification
FGFR1 no amplification
Primary amplification
Total
tumor
MYC no amplification
Primary amplification
Total
tumor

42 (91.3)
4 (36.4)
46 (82.1)
17 (63.0)
12 (60.0)
29 (61.7)

3 (6.7)
7 (63.6)
10 (17.9)
10 (37.0)
8 (40.0)
18 (38.3)

45 (100) < 0.001
11 (100)
56 (100)
27 (100) 1.000
20 (100)
47 (100)

Prognostic significance of FGFR1 and MYC status in
patients with ESCC

FGFR1: Fibroblast growth factor receptor 1.

The mean and median follow-up times of 180 patients
were 43.2 and 29.8 mo (range, 0.6-169.4 mo). The
5-year DFS and OS rates for all patients were 24%
and 26%, respectively, depending on the stage as
follows: 40.6% and 44.7% in stage Ⅰ, 22.9% and
27.6% in stage Ⅱ and 5.0% and 7.7% in stage Ⅲ,
respectively. Kaplan-Meier analysis revealed that
DFS of ESCC patients with FGFR1 amplification was
significantly prolonged compared with those without
FGFR1 amplification (P = 0.021; Figure 2A). OS also
tended to be longer in patients with FGFR1 amplification compared with those without FGFR1 amplification
(P = 0.081; Figure 2B). ESCC patients with MYC

FGFR1 amplification. In contrast, MYC expression was
higher in patients with early pT stage disease (P <
0.001), without lymph node metastasis (P = 0.023) or
with early TNM stage disease (P < 0.001). In contrast,
MYC amplification was not significantly correlated with
clinicopathological features.

Comparison of FGFR1 amplification status between
primary and metastatic lesions in regional lymph nodes

FGFR1 amplification was evaluated in matched primary
tumors and metastatic lymph nodes of 56 patients,
and a significantly positive correlation was found (P
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B

Whole cohort

1.0

P = 0.081
0.8

0.8

FGFR1 amplification
(n = 37)

0.6
0.4

No amplification
(n = 136)

0.2

100.0
t /mo

150.0

D

Whole cohort

100.0
t /mo

MYC expression
(n = 106)

0.4

MYC expression
(n = 106)

0.6
0.4
0.2

0.2
No expression
(n = 74)
50.0

No expression
(n = 74)

0.0

100.0
t /mo

150.0

200.0

0

F

No adjuvant therapy

1.0

P = 0.024

50.0

0.4

Overall survival

FGFR1 amplification
(n = 23)

No amplification
(n = 96)

0.2

150.0

200.0

P = 0.031
MYC expression
(n = 80)

0.6
0.4
No expression
(n = 42)

0.2

0.0

100.0
t /mo

No adjuvant therapy

1.0
0.8

0.6

200.0

Whole cohort

1.0
0.8

0.8
0.6

150.0

P = 0.017

0.8

Overall survival

50.0

P = 0.036

0

0.0
0

50.0

100.0
t /mo

150.0

0

H

P = 0.902

No amplification
(n = 40)

0.4

100.0

150.0

0.2

Adjuvant chemoand/or radiotherapy

1.0

P = 0.968

0.8

Overall survival

FGFR1 amplification
(n = 14)

0.6

50.0

t /mo

Adjuvant chemoand/or radiotherapy

1.0
0.8

Overall survival

No amplification
(n = 136)

0

200.0

Overall survival

Disease-free survival

50.0

1.0

0.0

G

0.4

0.0
0

E

FGFR1 amplification
(n = 37)

0.6

0.2

0.0

C

Whole cohort

1.0

P = 0.021

Overall survival

Disease-free survival

A

MYC expression
(n = 26)

0.6

No expression
(n = 32)

0.4
0.2

0.0

0.0
0

50.0

100.0
t /mo

150.0
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P = 0.066
MYC expression
+/+ (n = 20)

0.6
0.4

0.8

Others
(n = 143)

0.2

FGFR1 amplification/
MYC expression
+/+ (n = 17)

0.6
0.4
Others
(n = 102)

0.2

0.0

0.0
0

K

No adjuvant therapy

1.0

P = 0.024

FGFR1 amplification/

0.8

Overall survival

J

Whole cohort

1.0

Overall survival

I

50.0

100.0
t /mo

150.0

200.0

0

50.0

100.0
t /mo

150.0

200.0

Adjuvant chemoand/or radiotherapy

1.0

Overall survival

P = 0.712
0.8

FGFR1 amplification/

0.6

MYC expression
+/+ (n = 8)
Others
(n = 46)

0.4
0.2
0.0
0

25.0

50.0

75.0 100.0 125.0

t /mo

Figure 2 Kaplan-Meier plots and log rank test results. Disease-free survival (DFS) and overall survival (OS) in patients with resected esophageal squamous cell
carcinoma (ESCC); A and B: According to FGFR1 amplification; C and D: According to MYC expression status; OS was also plotted according to FGFR1 amplification
and MYC expression statuses; E and F: In patients with ESCC who did not receive adjuvant therapy; G and H: in those with ESCC who received adjuvant therapy; I-K:
OS of patients with ESCC according to combined FGFR1 amplification and MYC expression status was plotted and analyzed in all patients with resected ESCC, as
well as in those with and without adjuvant therapy, respectively. FGFR1: Fibroblast growth factor receptor 1.

amplification tended to have a longer DFS and OS than
did those without MYC amplification, but statistically
insignificant (P = 0.064 and 0.423, respectively; data
not shown). However, patients with MYC expression
had a significantly longer DFS (P = 0.036) and OS (P
= 0.017) compared with those without MYC expression
(Figure 2C and D).

therapy. Thus, we performed survival analysis in
patients with and without adjuvant therapy separately.
In patients without adjuvant therapy, FGFR1 amplification and MYC expression were significantly associated
with prolonged OS (P = 0.024 and 0.031, respectively;
Figure 2E and F), but not in patients who received
adjuvant chemo- and/or radiotherapy (Figure 2G and
H).
Multivariate Cox analysis for OS incorporating age,
T stage, lymph node metastasis, FGFR1 amplification and MYC expression revealed that age, T and N
stage were independent poor prognostic factors in
all patients as well as in both groups of patients with
and without adjuvant therapy (Table 4). In contrast,
FGFR1 amplification was found to be an independent
favorable prognostic factor in all patients (HR = 0.532
with 95%CI: 0.302-0.937, P = 0.029) and in patients
without adjuvant therapy (HR = 0.301 with 95%CI:
0.117-0.774, P = 0.013), but not in patients with
adjuvant therapy (Table 4). MYC expression lost its
prognostic significance in multivariate Cox analysis
(Table 4).

Prognostic significance of FGFR1 amplification and
MYC expression according to adjuvant chemo- and/or
radiotherapy status in patients with ESCC

Adjuvant chemo- and/or radiotherapy after surgical
tumor resection was performed in 58 (32.2%) patients
with ESCC. The mean OS of 112 patients who did not
receive adjuvant chemo- and/or radiotherapy was
89.5 mo, which was significantly better than the OS
of patients who received adjuvant therapy (42.5 mo).
The patients who received adjuvant treatment showed
a higher pT, nodal metastasis and a higher stage (all
P < 0.001). These data suggest that patients given
adjuvant therapy have unfavorable clinical features
and aggressive biological behavior, leading to adjuvant
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Table 4 Multivariate analysis for overall survival in patients with esophageal squamous cell carcinoma
Variables

Category

≤ 60 vs > 60
1, 2, 3, 4
1 vs 2
1 vs 3
1 vs 4
N
0 vs 1-3
FGFR1 amplification none vs amplification
MYC expression
none vs expression
Age (yr)
T

whole cohort

no adjuvant chemo- and/or radiotherapy adjuvant chemo- and/or radiotherapy

HR (95%CI)

P value

HR (95%CI)

P value

HR (95%CI)

P value

1.805 (1.102-2.955)
1.204 (0.523-2.773)
2.373 (1.454-3.872)
1.902 (0.550-6.575)
1.981 (1.275-3.077)
0.532 (0.302-0.937)
0.993 (0.636-1.550)

0.019
0.005
0.663
0.001
0.310
0.002
0.029
0.975

2.371 (1.088- 5.167)
1.589 (0.591-4.269)
2.115 (1.126-3.973)
0.632 (0.078-5.130)
2.351 (1.338-4.133)
0.301 (0.117-0.774)
0.873 (0.478-1.595)

0.030
0.091
0.358
0.020
0.667
0.003
0.013
0.659

1.81 (0.896-3.656)
1.260 (0.251-6.324)
4.136 (1.691-10.119)
4.256 (0.820-22.092)
0.319 (0.125-0.814)
0.830 (0.386-1.783)
1.566 (0.811-3.024)

0.098
0.009
0.779
0.002
0.085
0.017
0.633
0.181

Prognostic significance of combined FGFR1
amplification and MYC expression status in patients
with ESCC

[20]

factor in resected pulmonary SCC . Consequently, a
recent meta-analysis concluded that FGFR1 amplification had no influence on the survival of patients with
[22]
pulmonary SCC . Notably, in this study, the association of FGFR1 amplification with clinical outcome of
resected ESCC patients was dependent on the status
of adjuvant therapy; i.e., FGFR1 amplification was a
favorable prognostic factor in patients with ESCC who
did not receive adjuvant therapy. Adjuvant therapy
after surgery for patients with stage Ⅲ-Ⅳ or lymph
node metastasis prolonged survival compared with
[23]
surgery alone in ESCC . Therefore, adjuvant chemotherapy with or without radiotherapy is increasingly
used for the treatment of advanced ESCC, although
no definite criteria or regimen for adjuvant therapy
has been established in ESCC. In this study, patients
with adjuvant chemo- and/or radiotherapy tended to
be in the advanced stage compared with those with
no adjuvant therapy. Thus, FGFR1 might play variable
biological roles during the progression of cancer and
thereby have different prognostic significance depending on the stage and subsequent adjuvant therapy
status of patients. Otherwise, it could be possible
that ESCC with FGFR1 amplification represents a
biologically less aggressive group among ESCCs having
variable genetic alterations. This could result in the
prolonged survival of patients receiving no adjuvant
therapy. FGFR1 could affect the efficacy of chemo- or
radiotherapy in patients with ESCC, and thus be differently associated with the prognosis in those receiving
adjuvant therapy.
To the best of our knowledge, this is the largest
study to evaluate MYC status using IHC and FISH in
ESCC. Kaplan-Meier analysis demonstrated that MYC
expression, but not amplification, was associated with
prolonged survival. This result might be contradictory
to the role of MYC as an oncogene. In this study,
MYC expression was more common in ESCC patients
of younger age and in the early TNM stage, and it
was not an independent prognostic factor. Thus, the
favorable prognosis of patients with ESCC who showed
combined FGFR1 amplification and MYC expression in
the group without adjuvant therapy might be due to
the association of FGFR1 amplification with prognosis.
Based on this study, MYC status might have little,
if any, prognostic implication in patients with ESCC.

ESCC patients (25/173) with both FGFR1 amplification and MYC expression (hereafter referred to as
combined positivity) exhibited prolonged DFS (P =
0.023; data not shown) and OS (P = 0.066) in KaplanMeier analysis (Figure 2I). Combined positivity was
significantly associated with longer OS (P = 0.024) in
patients who did not receive adjuvant therapy, but not
in patients who received adjuvant therapy (P = 0.712;
Figure 2J and K). Combined positivity was also shown
to be an independent favorable prognostic factor
among patients who did not receive adjuvant therapy;
this was determined when multivariate Cox analysis
for OS was performed and incorporated age, T stage,
lymph node metastasis, and combined positivity (HR
= 0.275 with 95%CI: 0.083-0.97, P = 0.034; data not
shown).

DISCUSSION
In this study, we comprehensively investigated FGFR1
amplification and MYC amplification and expression in
ESCC to elucidate the associated clinicopathological
characteristics and explore the potential of FGFR1 and
MYC as targets for cancer therapy.
Several previous studies reported the prognostic
implication of FGFR1 amplification in ESCC, but the
[11,12]
results were controversial
. FGFR1 amplification
was associated with poor prognosis or had no prognostic significance in ESCC; however, the FISH criteria
[11,12]
for FGFR1 amplification were not identical
. In the
present study, FGFR1 amplification was a favorable
prognostic indicator in patients with resected ESCC,
which was in conflict with a previous report using
[11]
the same FISH criteria . In a study using FISH and
different criteria, FGFR1 amplification was not associ[12]
ated with clinical outcomes in patients with ESCC .
Similarly, in the case of pulmonary SCC, the prognostic
implication of FGFR1 amplification was controver[19-21]
sial
. One study demonstrated that FGFR1 amplification was an independent favorable prognostic factor
[19]
in pulmonary SCC and large cell carcinoma , which
contrasted with another study showing that FGFR1
amplification was an independent negative prognostic
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in pulmonary squamous cell carcinoma (SCC). Moreover, a potential role of
MYC as a predictor of the sensitivity to FGFR inhibitors in pulmonary SCC
has been reported. Although FGFR1 and MYC alterations have been reported
by genomic studies for esophageal squamous cell carcinoma (ESCC), the
prevalence of FGFR1 and MYC alterations and their relationship remains to be
clarified in patients with ESCC. Thus, we investigated FGFR1 amplification and
MYC amplification and expression in patients with ESCC and analyzed their
clinicopathological features and prognostic significance.

However, more studies using a large cohort of patients
are needed to validate the prognostic significance of
MYC in ESCC.
However, this study had some limitations. First, it
was a retrospective study and, as such, the specific
regimen of adjuvant therapy may not have been wellcontrolled. Second, we used a TMA of 2 mm diameter,
which may not reflect the intratumoral heterogeneity
of FGFR1 and MYC status. However, comparative
analysis showed that FGFR1 amplification status was
not significantly different between primary and nodal
metastatic tumors. In contrast, MYC amplification
status was significantly different between these two
groups. Third, small groups were compared as a
result of subgroup analysis according to the different
treatment modalities. Thus, another study using large
prospective cohorts is required to validate the prognostic role of FGFR1 amplification in ESCC according to
adjuvant therapy status.
Although ESCC is an aggressive cancer with poor
clinical outcomes, treatment approaches remain
limited, requiring the development of novel strategies
including targeted molecular therapy. This study demonstrated that FGFR1 was amplified in approximately
20% of ESCCs, and moreover, FGFR1 amplification
status was maintained during lymph node metastasis;
hence, this group may benefit from therapeutic inhibition of FGFR1. FGFR1 amplification is considered an
adequate factor to predict sensitivity to FGFR inhibi[24]
tors . However, FGFR inhibitors resulted in insufficient
clinical responses in patients with FGFR1-amplified
[25,26]
lung cancer
. A recent study showed that MYC
expression might modulate the sensitivity of FGFR1[13]
amplified pulmonary SCC to FGFR1 inhibitors . In
that study, 40% of FGFR1-amplified pulmonary SCCs
[13]
expressed high levels of MYC , which was similar to
our results in that 54.1% (20/37) of FGFR1-amplified
ESCCs expressed MYC. Among the all patients with
resected ESCC, 12.3% (20/163) exhibited both FGFR1
amplification and MYC expression. Based on the pulmonary SCC study, this population could be a potential
candidate for FGFR inhibitor therapy in ESCC patients.
The role of therapy targeting FGFR1 or MYC in ESCC
remains to be explored by further in vitro and clinical
studies.
In conclusion, FGFR1 amplifications were observed
in 21.4% of patients and combined FGFR1 amplification and MYC expression was observed in 12.3% of
patients with resected ESCC. FGFR1 amplification had
prognostic implications in patients with resected ESCC
with respect to adjuvant therapy. The role of targeted
therapy against FGFR1 or MYC in ESCC remains to be
explored.

Research frontiers

ESCC is one of the leading causes of cancer-related mortality worldwide and
novel treatment strategies other than surgery and conventional chemo- and
radio-therapy are required to improve clinical outcome. However, molecular
targeted therapy for ESCC remains to be established. The results of this study
contribute to clarifying the biological role of FGFR1 and MYC, and therapeutic
potential of FGFR targeted therapy in patients with ESCC.

Innovations and breakthroughs

In this study, FGFR1 amplifications were observed in 21.4% of patients and
combined FGFR1 amplification and MYC expression was observed in 12.3% of
patients with resected ESCC. FGFR1 amplification had prognostic implications
in patients with resected ESCC with respect to adjuvant therapy. The role of
FGFR1-targeted therapy in ESCC remains to be explored.

Applications

This study suggests that patients with ESCC harboring combined FGFR1
amplification and MYC expression might benefit from therapies targeting
FGFR1 and/or MYC, especially those with advanced disease requiring adjuvant
therapies.

Terminology

FGFR1 is a receptor tyrosine kinase playing an oncogenic role in many cancers
and can be targeted for molecular therapy. MYC is an oncogene and contributes
to sensitivity to FGFR inhibitor in pulmonary squamous cell carcinoma (SCC).
Fluorescence in situ hybridization (FISH) is a tool useful to evaluate the gene
amplification using tumor tissues from patients with solid tumor.
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It is a very interesting article presenting novel data on role of FGFR1 and MYC
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Abstract

Institutional review board statement: The study was reviewed
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AIM
To investigate the association between interferoninduced protein with tetratricopeptide repeats 1 (IFIT1 )
polymorphisms and interferon-α (IFNα) treatment
efficiency among Chinese hepatitis B virus (HBV) infection
patients.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: All authors declare no conflict
of interest.

METHODS
Two hundred and twenty five newly diagnosed chronic

Data sharing statement: No additional data are available.
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hepatitis B (CHB) patients were enrolled in the study.
All of these patients received IFNα treatment for a
course of 48 wk, and were followed up for 24 wk after
the treatment was end. Clinical information about
virological response, hepatitis B e antigen (HBeAg) sero
conversion rate and combined response at the end of
the treatment, as well as the sustained response by
the time of following up 24 wk after the treatment, was
collected. Four tag-single nucleotide polymorphisms
(SNPs) of IFIT1 were selected and assessed for their
association with these clinical outcomes.

treatment of CHB in the future.
Xie DY, Wang SM, Yang JM, Wang LH, Chen HY, Huai C,
Shang J, Mao Q, Lei CL, Luo GH, Qian J, Lu DR. IFIT1
polymorphisms predict interferon-α treatment efficiency
for hepatitis B virus infection. World J Gastroenterol 2016;
22(44): 9813-9821 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i44/9813.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9813

RESULTS
At the end of the treatment, HBeAg seroconversion
was observed in 27.1% patients. Thirty-six point nine
percent patients achieved virological response, and
15.6% patients exhibited combined response. Sus
tained response was obtained in 26.2% patients.
The main HBV genotype of the study was genotype
B. Patients who infected with HBV genotype B or C
showed better treatment efficiency, no matter which
clinical outcome was considered. Among the four
SNPs assessed, rs303218 (A > G) was found to be
significantly associated with the end point virological
response when assuming additive model [OR = 0.64
(95%CI: 0.42-0.96), P = 0.032]. Patients who carried
rs303218 GG genotype had a rather higher rate of
achieving virological response (response rate: 52%,
OR = 0.40, 95%CI: 0.18-0.91; P = 0.028) when
compared to those had AA genotype (response rate:
27%). The most significant interaction was observed
in patients who had relative lower baseline aspartate
transaminase. No association between SNPs and HBeAg
seroconversion, combined response or sustained
response was observed.

INTRODUCTION
Hepatitis B infection is a life-threatening disease caused
by hepatitis B virus (HBV), which attacks liver. An
estimated 350 million people are infected with hepatitis
B chronically worldwide, which makes it a major
[1]
global health problem . According to WHO, more
than 780000 people die of cirrhosis and hepatocellular
carcinoma (HCC) caused by chronic hepatitis B (CHB).
Currently, immune modulators such as interferon-α
(IFNα) or pegylated interferon-α (PEG-IFNα) and
antiviral agents such as nucleotide analogues (NAs) are
[2]
two approved treatments for CHB patients . Compared
with NAs treatment, IFNα is less likely to develop
drug resistance and its finite duration is an attractive
treatment strategy for CHB patients. IFNα treatment
showed high rates of off-therapy host immune control
over HBV and increased rates of hepatitis B e antigen
(HBeAg)/hepatitis B surface antigen (HBsAg) loss or
[3]
seroconversion over time . However, the fact that only
30%-40% patients benefit from the IFNα therapy is
[4]
still an obstacle in CHB management . Therefore, it is
necessary to discover predictors for outcomes of IFNα
treatment to improve the personalized therapy for CHB
patients. Several host and virus factors such as gender,
serum HBV DNA level and alanine aminotransferase
(ALT) level are considered to have influence on IFNα
efficiency, but they are weak at predicting responses
[5]
at individual level . More and more researches have
shown that host genetic factors may play an important
role in the response to IFNα treatment. Single nucleotide
polymorphisms (SNPs) located on IL28B are reported
to affect the response to IFNα based therapy for CHB
[6-8]
patients . Polymorphisms on HLA-DP and IRF5 are
[9,10]
also associated with IFNα treatment efficiency
. It is
also reported that genetic variants on STAT4 influenced
[11]
the response of IFNα among CHB patients . All the
evidences indicate genetic variations on genes involved
in immune response or IFNα signaling may lead to
different clinical outcomes of IFNα therapy.
After virus infection, the expression of virusresponsive genes and antiviral cytokines such as type
I interferon are induced to limit virus replication and
modulate adaptive immune response. Interferonstimulated genes (ISGs) are a subset of genes response
to RNA- or DNA- virus infection or type Ⅰ IFN treatment,

CONCLUSION

IFIT1 involves in the regulation of IFNα treatment for

CHB and its polymorphism rs303218 can predict the
end point virological response. The finding requires
further validation.
Key words: Virological response; Hepatitis B virus
infection; IFIT1 ; Interferon-α therapy; Polymorphism
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Interferon-α (IFNα) is the first line treatment
for chronic hepatitis B virus (HBV) infection (CHB).
However, its efficiency differs and biomarkers for
predicting responses of IFNα are needed. The current
study performed an epidemiologic study to investigate
the association between Interferon-induced protein
with tetratricopeptide repeats 1 (IFIT1 ) polymorphisms
and clinical responses of IFNα treatment in newly diag
nosed chronic HBV infection patients among Chinese
population. We identified that IFIT1 polymorphism
rs303218 could be a predictor for the end point virological
response of IFNα therapy. The finding may provide
insight to the potential role of IFIT1 in the individualized
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[12]

and they are mainly induced by IFN-α/β . Under basal
condition, ISGs are not expressed in most cell types.
But they can be induced immediately to a high level
[13]
after virus infection or IFN treatment . Their products
take on diverse roles such as enhancing innate immune
capabilities, inhibiting virus infection and negatively
[14]
regulating signaling through the JAK-STAT pathway .
Interferon-induced protein with tetratricopeptide
repeats 1 (IFIT1) which is an effector molecule in
antivirus pathways, locates in the cytoplasm. It is
an important member of ISGs family which lacking
enzymatic domains or activity. Tetratricopeptide repeats
(TPR) motif mediates protein-protein interaction.
Proteins containing TPR motifs regulate cell cycle,
transcription, protein transport and protein folding,
which enable IFIT1 to serve as an effector molecule on
[15]
virus replication during responses to viral infections .
IFIT1 is induced within two hours of exogenous IFN-α
[16]
treatment . It is reported that IFIT1 acts as an
important innate immune bottleneck which shows po
[17]
sitive regulation on downstream genes . High level
[18]
of type Ⅰ IFN is observed in IFIT1-expressing cells .
Researches have indicated that the antiviral activity of
IFIT1 is modulated by 2’-O methylation of viral RNA.
Abrogation of 2’-O methylation resultes in enhanced
[19-21]
type Ⅰ IFN and IFIT1 sensitivity
. IFIT1 can sense
the methylation state of capped RNA and inhibit
viruses by binding to their 5’ cap structure that lack
[22,23]
2’-O methylation
. It can also sense viral RNA by
recognizing uncapped 5’-ppp and stop it from actively
[24]
replicating . Despite sensing 2’-O methylation viral
RNA, IFIT1 also exerts its antivirus function through
inhibiting steps in translation initiation. It is reported
that IFIT1 reduces the translation efficiency by binding
to the subunits of eIF3 complex, which functions in
[25,26]
several steps in translation initiation
. IFIT1 is
also responsible for IFN-induced alteration of virus
[27]
transcription and protein synthesis . Silencing of IFIT1
leads to remarkable increased HBV replication, which
indicates that IFIT1 plays an important role in the
regulation of HBV transcription and posttranscriptional
[28]
procedure . All the evidences indicate that IFIT1 is
an important effector in both virus infection and IFNα
treatment. It has been reported that IFIT1 acts as a
potential biomarker for Peg-IFNα treatment efficiency
[29]
in hepatitis C virus (HCV) patients . However, few
researches mention about IFIT1’s role in HBV infected
patients who treated with IFNα. To illuminate whether
IFIT1 related to IFNα treatment efficiency for CHB,
we conducted an association study that assessed the
relationship between tag-SNPs on IFIT1 and clinical
outcomes of IFNα treatment among 225 Chinese CHB
patients.

HBeAg-positive CHB patients who were recruited
from nine Chinese hospital between August 2009 and
May 2012, including the Third Affiliated Hospital of
Sun Yat-Sen University, the Eighth People’s Hospital
of Guangzhou, Nanfang Hospital, Shenzhen Third Pe
ople’s Hospital, the First Affiliated Hospital of Guangxi
Medical University, Henan Provincial People’s Hospital,
the First Affiliated Hospital of Third Military Medical
University, Xiangya Hospital Central South University,
and Tongji Hospital Affiliated to Tongji Medical College
of Huazhong University of Science and Technology. The
major criteria for clinical data collection and patient
recruitment were: (1) written informed consent avai
lable and adherence to the treatment schedule; (2)
age 18-60 years old; (3) HBsAg-positive and HBeAgpositive for more than six months; (4) serum level of
HBV DNA > 20000 IU/mL; (5) serum ALT level > 40
IU/L; and (6) no diagnosed HCC or suspected to have
HCC. The main exclusion criteria were: (1) previous
IFN treatment, nucleos(t)ide analogues treatment
or immunomodulatory therapy within six months;
(2) coinfection with HCV, hepatitis D virus or human
immunodeficiency virus (HIV); (3) autoimmune hepa
titis, steatohepatitis or other active hepatopathy;
and (4) evidence of decompensated liver disease. All
patients received antivirus therapy with 6 MU IFNα2b (rHuIFNα-2b, Amoytop) every other day for 48 wk.
Evaluation of therapeutic efficiency was performed
at the end of the treatment course and by the time
of following up to 24 wk. Efficiency of the treatment
was assessed by end point response including HBeAg
seroconversion, virologic response and combined
response at 48 wk, and by sustained response which
was assessed at 72 wk. HBeAg seroconversion was
defined as the loss of HBeAg and the presence of
anti-HBe. Virological response was defined as serum
HBV DNA level < 2000 IU/L. Combined response was
defined as the combination of HBeAg seroconversion
and virological response, as well as the normalization
of serum ALT. Sustained response was defined as the
combined response at week 72 after the first dose of
the treatment.

SNP selection and genotyping

IFIT1 is about 13.9 kb long and locates on chromosome
10q23.31. To investigate the association between
IFIT1 and IFNα treatment efficiency, 4 tag-SNPs
located in IFIT1 gene region were selected according
to the genotype data of Han Chinese in Beijing (CHB)
population from the phase II HapMap SNP database,
by software Haploview 4.1 (available at http://www.
broadinstitute.org/haploview). The thresholds for
tag-SNP selection were defined as 0.8 for correlation
coefficient and a cutoff of 0.2 for MAF. Blood sample
were collected at the time of recruitment. Genome
DNA was extracted by salt-out method. All the selected
SNPs were genotyped using DNA sequencing on
illumine Miseq high throughout sequencing platform.
Random duplicate sample were performed and all the

MATERIALS AND METHODS
Patient recruitment

Patients enrolled in this study were newly diagnosed
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two-sided, and P < 0.05 was considered statistically
significant. All the statistical analyses were performed
by SPSS (version 15.0; SPSS Inc., Chicago, Ill).

Table 1 Patient charateristics
Patient characteristic
Total patient
Gender
Male
Female
Age
Median age (range)
Baseline ALT
Median (range)
Baseline AST
Median (range)
Baseline HBV DNA copies (log10IU/L)
Median (range)
HBV genotype
Type A
Type B
Type C
Type B + C
Virological response1
Response
Non-response
HBeAg seroconversion2
Response
Non-response
Combined response3
Response
Non-response
Sustained response4
Response
Non-response

Total patient (n )
225
225
163 (72.4)
62 (27.6)
225
26 (18-56)
225
150 (70-359)
225
83 (30-294)
225
7.36 (3.52-8.90)
197
8 (4.1)
94 (47.7)
15 (7.6)
80 (40.6)
225
83 (36.9)
142 (63.1)
225
61 (27.1)
164 (72.9)
225
35 (15.6)
190 (84.4)
225
59 (26.2)
166 (73.8)

RESULTS
Patient characteristics and clinical outcomes

225 CHB patients who met the recruitment criterion
were included in the study to investigate the asso
ciation between IFIT1 polymorphisms and IFNα
treatment responses. Table 1 summarized patient
characteristics and clinical outcomes. Male patients
accounted for 72.4% of this cohort and the median
age was 26 years old. The median baseline ALT and
aspartate transaminase (AST) were 150 IU/L and 83
IU/L, respectively. Baseline HBV DNA level’s median
is 7.36 log10 IU/mL. The main HBV genotype of this
cohort was genotype B, which took over 47.7% of all
the patients. Forty point six percent patients infected
with both genotype B and C HBV at the same time.
After 48 wk IFNα treatment, 27.1% patients achieved
HBeAg seroconversion. 36.9% patients’ serum HBV
DNA level decreased below 2000 IU/L which meant
virological response were attained in these patients.
Combined response was observed in 15.6% patients.
Twenty-four weeks off treatment follow-up showed
that 26.2% patients obtained sustained response.
According to Table 2, HBV genotype had impact on IFNα
therapy responses. Patients who infected with HBV
genotype B or C showed better treatment efficiency
than those infected with genotype A or those infected
with both genotype B and C, no matter which clinical
outcome was considered. As shown in Table 3, the
level of baseline ALT was associated with HBeAg
seroconversion (P = 0.020), and the distribution of
combined response was significantly different between
male and female patients (P = 0.027). HBV genotype
exhibited significant association with all the clinical
outcomes including virological response (P = 0.012),
HBeAg seroconversion (P = 0.001), combined response
-4
(P = 0.038) and sustained response (P = 2.37 × 10 ).
Other clinical characteristics including age, baseline
AST and baseline HBV DNA level, showed association
with none of the clinical outcomes.

1

Virological response was defined as serum HBV DNA level < 2000
IU/L at the end of the treatment; 2HBeAg seroconversion was defined
as the loss of HBeAg and the presence of anti-HBe at the end of the
treatment; 3Combined response was defined as the combination of HBeAg
seroconversion and virological response, as well as the normalization of
serum ALT at the end of the treatment; 4Sustained response was defined
as the combined response at week 72 after the first dose of the treatment.
ALT: Alanine aminotransferase; AST: Aspartate transaminase; HBV:
Hepatitis B virus; HBeAg: Hepatitis B e antigen.

samples were concordant with the genotyping results.
All SNPs were in Hardy-Weinberg equilibrium (P >
0.001). More details about these four tag-SNPs were
shown in Supplementary Table 1.

Statistical analysis

Patient characteristics and clinical variables were test by

χ 2 tests or Student’s t test against treatment responses.

Factors that had P value < 0.05 were regarded as
covariates (Table 2). Univariable logistic regression
analysis was performed to assess allele frequency
distribution of IFIT1 SNPs in different patient groups.
Chi-square test and unconditional logistic regression
adjusted for covariates were used to assess whether
IFIT1 SNPs’ genotypes had statistically significant
difference in the distribution of clinical outcomes, and
to estimate the association between efficiencies and
SNPs by OR and in additive, dominant, recessive or
co-dominant model. Stratified analysis was performed
to investigate significant SNPs’ effects in different
subgroups. All P values reported in this study were

WJG|www.wjgnet.com

IFIT1 polymorphisms and IFNα treatment’s virological
response

All the SNPs were evaluated for their association with
IFNα treatment efficiency, including the end point
responses and sustained response. It was considerable
that none of the IFIT1 SNPs’ allele frequency showed
distribution differences in HBeAg seroconversion,
combined response or sustained response (data not
shown), but all of them had significantly different allele
frequency distribution among patients who achieved
virological response (Table 4). So we further assessed
these SNPs’ association with virological response
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Table 2 Hepatitis B virus genotype and interferon-α treatment responses
HBV genotype

Total

Type A
Type B
Type C
Type B + C

Virological response

8
94
15
80

1

HBeAg seroconversion

2

Combined response

3

Sustained response

4

R

%

R

%

R

%

R

%

3
42
10
22

37.5
44.7
66.7
27.5

1
38
5
11

12.5
40.4
33.3
13.8

1
19
5
7

12.5
20.2
33.3
8.8

1
37
6
10

12.5
39.4
40.0
12.5

1

Virological response was defined as serum HBV DNA level < 2000 IU/L at the end of the treatment; 2HBeAg seroconversion was defined as the loss of
HBeAg and the presence of anti-HBe at the end of the treatment; 3Combined response was defined as the combination of HBeAg seroconversion and
virological response, as well as the normalization of serum ALT at the end of the treatment; 4Sustained response was defined as the combined response at
week 72 after the first dose of the treatment. HBV: Hepatitis B virus; R: Response; HBeAg: Hepatitis B e antigen.

Table 3 Association between clinical factors and responses
Patient characteristics

Virological response
R

Gender
Male
Female
Age
Baseline ALT
Baseline AST
Baseline HBV DNA level
HBV genotype
Type A
Type B
Type C
Type B + C

NR

HBeAg seroconversion

P value1

R

NR

0.113
55
28

Combined response
R

NR

39
22

163
62

1
38
5
11

7
56
10
69

R

NR

39
20

163
63

0.027
20
15

0.924
0.391
0.443
0.617
0.0382
1
19
5
7

P value1
0.204

163
62

0.723
0.0202
0.113
0.554
0.0012

5
52
5
58

Sustained response

P value1
2

0.081

108
34
0.151
0.070
0.205
0.121
0.0122

3
42
10
22

P value1

0.116
0.181
0.279
0.217
2.37 × 10-4 2

7
75
10
73

1
37
6
10

7
57
9
70

P value was calculated by χ 2 test or Student's t-test depending on which variables were analyzed; 2P < 0.05. ALT: Alanine aminotransferase; AST: Aspartate
transaminase; HBV: Hepatitis B virus; R: Response; NR: Non-response; HBeAg: Hepatitis B e antigen.
1

Table 4 The association between single nucleotide polymorphisms and virological response by allele frequencies
SNP ID

Genotype

rs303218

A
G
T
C
T
C
C
T

rs303215
rs11203109
rs303212

1

No./total
75/242
87/198
93/227
69/217
109/341
37/81
93/284
65/148

%
0.31
0.44
0.41
0.32
0.32
0.46
0.33
0.44

P2

OR
3

0.005

0.0453
0.0203
0.0223

1 (Reference)
0.57
1 (Reference)
1.49
1 (Reference)
0.56
1 (Reference)
0.62

95%CI
0.39-0.85
1.01-2.20
0.34-0.92
0.41-0.94

1

Number indicated the patients who responsed in the same group; 2P value was calculated by univariable logistic regression analysis; 3P < 0.05. SNP: Single
nucleotide polymorphism.
2

by genotype. χ test showed that the distribution of
rs303218 (A > G) genotype was significant different (P
= 0.022), which is the most significant SNP from the
allele frequency distribution assessment. Patients who
carried rs303218 GG genotype had a rather high rate
of virological response (response rate: 52%) when
compared to patients who had AA genotype (response
rate: 27%), with OR of 0.40 (95%CI: 0.18-0.91) and
P value of 0.028. Unconditional logistic regression
adjusted by covariate, which was HBV genotype for
virological response, showed that rs303218 presented
a protective role in IFNα virological response when
assuming additive model (OR = 0.64; 95%CI:
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0.42-0.96; P = 0.032) (Table 5). Then stratified
analysis was performed to investigate the SNP
rs303218’s effect in different subgroups. Continuous
variables such as age, baseline ALT, baseline AST
and baseline HBV DNA level, were dichotomized by
median. According to Table 6, the most significant
association between rs303218 and virological response
was observed among patients who had baseline AST
≤ 83 (OR = 0.31; 95%CI: 0.16-0.61; P = 0.001). And
rs303218 could also be a better virological response
predictor for male patients (OR = 0.53; 95%CI:
0.33-0.88; P = 0.013), patients who had baseline ALT
≤ 150 (OR = 0.38; 95%CI: 0.20-0.74; P = 0.003)
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Table 5 The association between rs303218 and virological response
SNP ID
rs303218

Genotype

Genetic model

AA
GA
GG

1

2

No./total

χ 2 test
P value3

%

19/70
37/102
25/48

0.27
0.36
0.52

0.022

3

Add

Logistic regression analysis
OR

95%CI

P value34

1 (Reference)
0.77
0.40
0.64

0.38-1.55
0.18-0.91
0.42-0.96

0.467
0.0283
0.0323

The best fitting model was shown; 2Number indicated the patients who responsed in the same group; 3P < 0.05; 4P value was calculated by logistic
regression analysis with adjustment of patient characteristics with P < 0.05 in univariate analysis (the adjusting covariate for virological response was HBV
genotype). HBV: Hepatitis B virus.
1

[30]

response . But all of these host or virus factors are
not ideal predictors at individual level. Researchers
expect that biomarkers that rely on the basis of
patients’ genetic background can highlight the road to
personalized medicine. As one of the key components
of IFNα induced pathways, IFIT1 is indispensable
for IFNα to eliminate HBV. However, few researches
focused on its role in HBV management, especially its
pharmacogenetic effects. In this study, we investigated
whether IFIT1 gene polymorphisms could predict IFNα
treatment efficiency among Chinese CHB patients. The
results showed that rs303218 was associated with end
point virological response after 48 wk IFNα therapy.
Patients who carried GG genotype of rs303218 achieved
higher rate of virological response when compared to
GA/AA genotype.
IFNα is an important innate immune response
cytokine which acts as the first line defense of HBV
[31]
infection . Patients who have CHB may have reduced
ability of producing IFNα, but they show response to
exogenous IFNα and then induce ISGs expression
to activate related signaling to inhibit HBV replica
[32,33]
tion
. The function of ISGs includes enhancing
innate immune capabilities and inhibiting virus infection.
IFIT1 is one of the most immediately induced ISGs
after exogenous IFNα treatment. The most well-known
function of IFIT1 is that it can sense and recognize
the 2’-O unmethylated RNA and block the translation
[22,34]
of viral RNA lacking 2’-O methylation
. It can
also recognize the uncapped 5’-ppp and stop it from
[35]
actively replicating . But viruses that using cellular
RNA polymerase II to synthesize their mRNA may
[36]
escape the IFIT1-mediated restriction . However,
there are other ways that IFIT1 exerts its anti-virus
function. For example, IFIT1 acts as an important
modulator in virus transcription and replication. It can
inhibit cap-dependent protein synthesis by binding to
[25,37]
the subunits of translation initiation complex elF3
.
Researches has demonstrated that IFIT1 can restrict
HCV growth by inhibiting HCV replication, and the
expression level of IFIT1 can be potential biomarker
[29,38]
of response to IFNα in patients with HCV
. IFIT1
restricts the translation and replication of many
other viruses such as HPV, HIV and alphavirus, and
promotes the induction of IFNα to enhance immune
[18,39,40]
response
. All these evidences demonstrate

Table 6 Stratified analyses of rs303218 and virological
response
Variables

1

No./total

Age (yr)
39/117
≤ 26
> 26
44/108
Gender
Male
55/163
Female
28/62
Baseline ALT
38/113
≤ 150
> 150
45/112
Baseline AST
34/114
≤ 83
> 83
49/111
Baseline HBV DNA copies
(log10 IU/mL)
47/113
≤ 7.36
> 7.36
36/112
HBV genotype
Type B
42/94
Type C
10/15
Type B + C
22/80

rs303218
OR

95%CI

P value2

0.79
0.59

0.42-1.48
0.33-1.04

0.453
0.070

0.53
1.03

0.32-0.88
0.46-2.31

0.0133
0.947

0.38
0.91

0.20-0.74
0.52-1.60

0.0033
0.734

0.31
1.10

0.16-0.61
0.62-1.96

0.0013
0.752

0.86
0.47

0.49-1.52
0.25-0.88

0.611
0.0183

0.74
2.19
0.41

0.42-1.31
0.36-13.51
0.19-0.86

0.304
0.397
0.0183

1

Number indicated the patients who responsed in the same group; 2P value
was calculated by logistic regression analysis with adjustment of patient
characteristics with P < 0.05 in univariate analysis in additive model (the
adjusting covariate for virological response was HBV genotype); 3P <
0.05. ALT: Alanine aminotransferase; AST: Aspartate transaminase; HBV:
Hepatitis B virus.

and patients whose baseline HBV DNA level were
higher than 7.36 log10 IU/mL (OR = 0.47; 95%CI:
0.25-0.88; P = 0.018), as well as patients who
infected with both HBV genotype B and C (OR = 0.41;
95%CI: 0.19-0.86; P = 0.018).

DISCUSSION
IFNα or PEG-IFNα is the first-line treatment for
Chronic HBV infection. It can maintain high rates of
off-therapy host immune control over HBV. However,
IFNα therapy gives benefits to only 30%-40% CHB
patients, which suggests the necessity for discovering
efficiency predictors for IFN treatment to improve the
personalized therapy for CHB patients. It is reported
that female patients, higher ALT level and lower
serum HBV DNA level may indicate a better IFNα
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the importance of IFIT1 in immune system and virus
inhibition. STAT/JAK pathway has been reported to be
a vital role in pharmacogenomics of IFNα treatment.
As an essential member of STAT/JAK pathway, IFIT1
may participate in affecting IFNα therapy responses by
modulating downstream STAT/JAK signaling. Recently,
it is reported that IFIT1 involves in the control of HBV
by limiting replication and slowing down the spread
of HBV, which further illustrates that IFIT1 takes part
in HBV restriction and may influence IFNα treatment
[28]
efficiency . Our findings indicated that rs303218
was associated with virological response, which also
suggested IFIT1’s indispensable role in controlling HBV
replication.
As we know that, the polymorphism of rs303218
locates in the intron region of IFIT1. Other than
causing missense mutation which results in protein
dysfunction, intronic polymorphisms may locate in
the regulatory element sites, such as splice donor,
acceptor, or cis-regulatory element region, which
means they might regulate cell metabolism through
modulating mRNA splicing and gene expression
[41-43]
patterns
. NCBI database shows that IFIT1 has
three isoforms. They are different from each other by
their different alternate initiation translation site. A
reasonable conjecture is that different IFIT1 isoform
may have different affinity to IFIT family members or
to the translation initiation complex such as elF3, or
they may display different capability of recognizing 2’-O
unmethylated RNA or uncapped 5’-ppp. However, no
evidence was found to support that variants on IFIT1
facilitated gene splicing or gene expression. A recent
research showed that a variant known as rs304478,
which located within 2 kb upstream of IFIT1, was an
independent predictive factor for pegylated-IFN therapy
[44]
in HCV patients . Although rs304478 was not included
in the present study due to its relative lower MAF in
Chinese population, it highlighted a fact that IFIT1 could
be potential biomarker for IFNα treatment efficiency.
Another assumption is that the real reason affect
ing IFIT1 mRNA stability or protein synthesis, is the
effective SNPs which are in linkage disequilibrium with
rs303218. Nevertheless, all these are just hypothesis
that need more researches to discover the real facts
of how IFIT1 intronic SNPs influence IFNα treatment
efficiency, and it is necessary to find the actual genetic
variations that affect responses of IFNα.
In conclusion, the study investigated the association between IFIT1 polymorphisms and clinical
outcomes of IFNα treatment for CHB patients among
Chinese population. The results provided evidences
for IFIT1’s part in IFNα treatment efficiency. Our study
highlights the potential role of IFIT1 in predicting IFNα
treatment’s end point virological response, although
the exact mechanism needs to further investigate.
The findings needs to be validated in an independent
cohort to further illuminate the effects of IFIT1’s
variants for IFNα therapy. And it is meaningful to assess
IFIT1’s predicting potential in different ethnicities.
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Function studies are needed to explore the mechanism
between IFIT1 and IFNα therapy.
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pathways. Deregulation of IFIT1 may have great influence on hepatitis B virus
(HBV) transcription which indicated that IFIT1 could be potential biomarkers for
predicting IFNα treatment efficiency. In this study, we perform an association
study that investigated the relationship between polymorphisms on IFIT1 and
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potential in predicting IFNα therapy’s end point virological response.
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The study identifies that polymorphism rs303218 on IFIT1 could be a predictor
for the end point virological response of IFNα therapy, which may provide
insight to the individualized treatment of CHB in the future.
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response: Defined as serum HBV DNA level < 2000 IU/L at the end of the
treatment.
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important information for genetic, global association studies. Its impact is
significant.
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Abstract

Institutional review board statement: The study was reviewed
and approved by the Pusan National University Yangsan Hospital
Institutional Review Board.

AIM
To evaluate portal vein (PV) stenosis and stent patency
after hepatobiliary and pancreatic surgery, using
abdominal computed tomography (CT).

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

METHODS
Percutaneous portal venous stenting was attempted
in 22 patients with significant PV stenosis (> 50%) after hepatobiliary or pancreatic surgery - diagnosed by
abdominal CT. Stents were placed in various stenotic
lesions after percutaneous transhepatic portography.
Pressure gradient across the stenotic segment was
measured in 14 patients. Stents were placed when the
pressure gradient across the stenotic segment was >
5 mmHg or PV stenosis was > 50%, as observed on
transhepatic portography. Patients underwent followup abdominal CT and technical and clinical success,
complications, and stent patency were evaluated.

Conflict-of-interest statement: The authors declare no conflict
of interest related to this study.
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/
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RESULTS
Stent placement was successful in 21 patients (technical
success rate: 95.5%). Stents were positioned through
the main PV and superior mesenteric vein (n = 13),
main PV (n = 2), right and main PV (n = 1), left and
main PV (n = 4), or main PV and splenic vein (n = 1).
Patients showed no complications after stent placement.
The time between procedure and final follow-up CT was
41-761 d (mean: 374.5 d). Twenty stents remained
patent during the entire follow-up. Stent obstruction caused by invasion of the PV stent by a recurrent tumor
- was observed in 1 patient in a follow-up CT performed
after 155 d after the procedure. The cumulative stent
patency rate was 95.7%. Small in-stent low-density
areas were found in 11 (55%) patients; however, during
successive follow-up CT, the extent of these areas had
decreased.

Treatment options for patients with PV stenosis or
occlusions are limited. In the past, PV complications
were managed surgically, such as by thrombectomy
or surgical revision. However, surgical management
of these complications has been limited by technical
difficulties due to the development of postsurgical
fibrosis and the length of the involved venous stru
[8]
ctures . Percutaneous interventional procedures
have gained worldwide acceptance for alleviating the
symptoms of portal hypertension, due to their minimal
invasiveness and high success rates with low number
[9]
of complications . Abdominal computed tomography
(CT) and Doppler ultrasound tests have been the main
modalities of patient follow-up after this procedure;
the reported stent patency rate has been relatively
good, ranging between 60 and 100% during the first
[5,7,10,11]
year
. Abdominal CT scans allow the visualization
not only of the status of the original lesion, but also of
changes in the PV stent. This study aimed to evaluate
the therapeutic efficacy and stent patency of PV
stenting after hepatobiliary and pancreatic surgery,
using abdominal CT.

CONCLUSION
Percutaneous transhepatic stent placement can be safe
and effective in cases of PV stenosis after hepatobiliary
and pancreatic surgery. Stents show excellent patency
in follow-up abdominal CT, despite development of
small in-stent low-density areas.

MATERIALS AND METHODS

Key words: Liver; Vein; Stent; Computed tomography;
Surveillance; Efficace

Patients

From January 2011 to December 2012 at a single
institution, percutaneous transhepatic stent place
ment was attempted in 22 patients [11 women, 11
men; mean age: 65.6 years (range: 26-78 years)]
with significant PV stenosis (> 50% of the main PV
diameter) diagnosed using abdominal CT after hepa
tobiliary or pancreatic surgery [pylorus-preserving
pancreatoduodenectomy (n = 7), Whipple procedure (n
= 6), distal pancreatectomy (n = 2), hepatectomy or
hepatic segmentectomy (n = 6), and deceased donor
liver transplant (n = 1)] (Table 1).
The reasons for surgery included pancreatic cancer
(n = 7), common bile duct cancer (n = 3), Klatskin
tumor (n = 2), colon cancer with duodenal invasion
(n = 1), colon cancer with liver metastasis (n = 1),
hepatocellular carcinoma (n = 1), gall bladder cancer (n
= 1), gastrointestinal stromal tumor (n = 1), ampulla
of Vater cancer (n = 1), chronic pancreatitis (n = 1),
intrahepatic bile duct stone (n = 1), and hepatic failure
after toxic hepatitis (n = 1). Clinical manifestations
in patients with PV stenosis included intestinal
angina-like abdominal pain (disabling mid-epigastric
or central abdominal pain within 10-15 min after
eating) and anorexia refractory to medical treatment,
ascites, increased Jackson-Pratt (JP) drain output,
and abnormal liver function test (LFT). The interval
between surgery and stent placement was 5-274 d
(mean: 34 d) (Table 2).
One patient was diagnosed with asymptomatic
left PV stenosis after right hepatectomy, when the
pressure gradient on transhepatic portography was 5
mmHg. She had undergone balloon angioplasty only
and was excluded from this study.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal vein (PV) stenosis can occur after hepa
tobiliary and pancreatic surgery. Portal hypertension
due to PV stenosis induces clinical manifestations in
many organs, including intractable ascites, esophageal
and gastrointestinal bleeding, and liver dysfunction.
Percutaneous transhepatic stent placement can be safe
and effective in cases of PV stenosis since stents show
excellent patency on follow-up abdominal computed
tomography despite the presence of small in-stent lowdensity areas.
Jeon UB, Kim CW, Kim TU, Choo KS, Jang JY, Nam KJ,
Chu CW, Ryu JH. Therapeutic efficacy and stent patency
of transhepatic portal vein stenting after surgery. World J
Gastroenterol 2016; 22(44): 9822-9828 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i44/9822.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9822

INTRODUCTION
Acquired portal vein (PV) stenosis is most commonly
[1-3]
observed after liver transplantation (LT)
. In the
non-transplant population, PV stenosis can present
[4]
[5]
with pancreatitis or tumor encasement , or as a
[6]
postsurgical complication . Portal hypertension from
PV stenosis induces clinical manifestations in many
organs, including intractable ascites, esophageal and
[7]
gastrointestinal bleeding, and liver dysfunction .
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Table 1 Types of surgery and lesion locations of the patients
patient No.

Age/sex

Surgery

Locations

1
2
3

65/F
74/F
58/M

Main PV
PV-SMV
PV-SMV

4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

73/M
61/F
63/F
75/F
68/F
65/F
70/M
55/M
70/F
69/F
54/M
76/M
26/M
55/F
66/M
74/M

20

79/F

21
22

68/M
78/M

DDLT
Whipple’s op
Distal pancreatectomy +
Spl-SMV bypass
Whipple’s op
Whipple’s op
PPPD
PPPD
PPPD
PPPD
PPPD
PPPD
PPPD
Whipple’s op
Right anterior segmentectomy
Right hemicolectomy + PPPD
Right lobectomy
Right + caudate lobectomy
Right + caudate lobectomy
Subtotal pancreatectomy,
Splenectomy, partial
nephrectomy
Trisegmentectomy + caudate
lobectomy
Whipple’s op
Central segmentectomy

Table 3 The criteria for portal vein stenting - stenosis
> 50% of the main portal vein diameter revealed by
transhepatic portography, or a pressure gradient across the
stenosis > 5 mmHg
Criteria
PVS > 50% with measuring of PrG
PrG > 5 mmHg
PrG = 5 mmHg
Contrast stagnation with collaterals formations
Kinking of PV (stenosis and acute angulation)
PVS > 50% without measuring of PrG
Contrast stagnation with collaterals formations
Kinking of PV
Stenosis and partial PVT

PV-SMV
PV-SMV
PV-SMV
PV-SMV
PV-SMV
PV-SMV
PV-SMV
PV-SMV
Main PV
PV-SMV
Right PV
PV-SpV
Left PV
Left PV
Left PV
PV-SMV

Left PV
PV-SMV
Right PV

No. of patients

2
4
1
1
1
1
1
4
6
1

“Worsening of PVS” indicates aggravation of the PVS on abdominal
CT during the follow-up period. “Increased JPDO” indicates increased
serosanguinous JP drain output–suspected ascites. CT: Computed
tomography; JPDO: Jackson-Pratt drain output; PVS: Portal vein stenosis;
PCD: Percutaneous drainage; PVT: Portal vein thrombosis.

Procedure

Informed consent was obtained from each patient.
This retrospective study was approved by our insti
tutional review board. All patients received local
anesthesia consisting on subcutaneous injection of
lidocaine and an intravenous injection of pentanyl
(pentanyl citrate, Myung Moon Pharmaceutical; Seoul,
Korea). Percutaneous transhepatic puncture of the

WJG|www.wjgnet.com

2
1
3
3
1

intrahepatic PV was performed with a 21-gauge needle
(PTC US needle, A&A M.D.; Seongnam, South Korea)
under sonographic and fluoroscopic guidance. The
needle was exchanged for a 5-French coaxial dilator,
and an 8-French sheath was placed over a 0.035-inch
guidewire. A 0.035-inch angled hydrophilic guidewire
(Radifocus, Terumo, Tokyo, Japan) and a 5-French
cobra catheter were used to traverse the PV stenosis.
Direct main portography was performed with 12 mL
of contrast medium injected into the patient’s splenic
or superior mesenteric vein (SMV) and the pressure
gradient across the stenosis was measured. The
criteria for PV stenting were as follows: stenosis >
50% of the main PV diameter revealed by transhepatic
portography, or a pressure gradient across the stenosis
> 5 mmHg (Table 3).
Stent placement was performed using stents from
the following vendors: Smart (Cordis; Miami Lakes,
FL, United States), Zilver (Cook; Bloomington, IN,
United States), Protégé (Covidien; St. Paul, MN, United
States), Hercules (S&G Biotech Inc.; Seongnam, South
Korea), Complete SE (Medtronic Inc.; Minneapolis,
MN, United States), and Express LD (Boston Scientific;
Natick, MA, United States). Stents of the same
diameter or with a diameter 1-2 mm larger than that
of the non-stenotic extrahepatic PV were used.
Balloon angioplasty following stent placement was
not routinely performed; however, balloon angioplasty
was performed in cases in which the deployed stent
showed an hourglass deformity of < 50% its normal
diameter or the pressure gradient across the stenosis
was > 5 mmHg. Angioplasty was carefully performed
using a balloon catheter of the same (or smaller than
the deployed stent to prevent PV rupture.
After transhepatic portography and stent place
ment, the PV pressure gradient was measured to
evaluate whether the stenosis or occlusion was re
solved. The transhepatic parenchymal track was
embolized with several 0.035-inch stainless steel coils
(Cook; Bloomington, IN, United States), gelfoam
slurry (Cutanplast, Mascia Brunelli; Milano, Italy), or
n-butyl cyanoacrylate (NBCA; Histoacryl, B. Braun;

Table 2 Clinical manifestations of patients

Intestinal angina-like abdominal pain refractory to
medical treatment
Only pain
Worsening of PVS during the follow-up (> 2 wk)
Worsening of PVS during the follow-up (> 2 wk) +
abnormal LFT
PVT after PCD
Abnormal LFT
Fail to PV anastomosis during the operation
Anorexia refractory to medical treatment (with
increased JPDO)
Ascites
Increased JPDO
Abnormal LFT

11

PVS: Portal vein stenosis; PrG: Pressure gradient; PVT: Portal vein
thrombosis.

DDLT: Deceased donor liver transplant; PPPD: Pylorus-preserving
pancreatoduodenectomy; PV: Portal vein; SMV: Superior mesenteric vein;
SpV: Splenic vein.

Clinical manifestations

No. of patients
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the luminal changes caused by the stents were not
fully visualized with axial images, some of the axial
images were transferred to a workstation in which a
PC-based three-dimensional reconstruction software
(Aquarius iNtuition 4.4, TeraRecon; San Mateo, CA,
United States) was installed. Three-dimensional image
reconstruction was performed, which included volumerendering and multiplanar or curved planar reformation
along or across the venous segments of interest. Small
in-stent low-density areas, such as the ones observed
[12]
after carotid stenting , were observed between the
stent wall and a contrast-filled PV on follow-up CT
scans. Extent, location, and relative time of discovery
were recorded.

A

B

Statistical analysis

Portal venous pressure gradient was analyzed before
and after stent placement using the Wilcoxon rank
test; cumulative stent patency rates were calculated
using the Kaplan-Meier estimation. Statistical analysis
was conducted using the SPSS software (version
18.0); a P < 0.05 indicates a statistically significant
difference.

RESULTS

Figure 1 A selection failure case. A 78-year-old man (patient No. 23)
presenting with right PV stenosis after hepatic central segmentectomy with
liver metastasis from colon cancer. A: Axial CT scan 40 d after surgery showing
severe stenosis (arrow) at the right PV. B: Percutaneous transhepatic portogram
showing peripheral right PV. Main PV was not selected due to severe stenosis
at the right PV. CT: Computed tomography; PV: Portal vein.

Stenting was successful in 21 out of 22 patients
(technical success rate: 95.5%). Guidewire selection
failed in 1 patient due to severe PV stenosis (Figure
1). All patients in whom PV stenting was successful (n
= 21) showed improvement of clinical manifestations
(e.g., disappearance of intestinal angina, ascites,
and abnormal LFT, and decreased JP drain output).
Remarkably, 6 patients showed increased JP drain
output during the early follow-up periods after sur
gery, with JP drain output decreasing rapidly within
1 wk after stenting. Therefore, the clinical success
rate was of 100%. The used stents were 37-80 mm
long and 8-14 mm in diameter. In 1 patient, 2 stents
were used due to stent misplacement. Twenty-one
self-expandable and 1 balloon-expandable stents
were used, including the Smart (Cordis, Cordis, Inc.;
Miami Lakes, FL, United States; n = 8), Zilver (Cook;
Bloomington, IN, United States; n = 7), Protégé
(Covidien; St. Paul, MN, United States; n = 3), Hercules
(S&G Biotech Inc.; Seongnam, South Korea, n = 2),
Complete SE (Medtronic Inc.; Minneapolis, MN, United
States, n = 1), and Express LD (Boston Scientific;
Natick, MA, United States; n = 1).
Stents were positioned as follows: through main PV
and SMV (n = 13), through main PV (n = 2), through
right PV and main PV (n = 1), through left PV and
main PV (n = 4), and through main PV and splenic
vein (n = 1).
The transhepatic parenchymal track was embolized
with coils (n = 15), gelfoam slurry (n = 6) or n-butyl
cyanoacrylate (n = 1) to prevent bleeding. There
were no procedure-related complications, such as
perihepatic hematoma, hemobilia, hemoperitoneum,

Melsungen, Germany) to prevent bleeding. No routine
anticoagulation therapy was administered after the
procedure.

Study endpoints

The following parameters were retrospectively
documented: technical success, clinical success,
development of complications, PV flow after stent
placement, and pressure gradient across the
area before and after stent placement. Technical
success was defined as successful stent placement
in the intended location in the PV with subsequent
improvement in portal venous flow and < 30% residual
stenosis. Clinical success was defined as improvement
on patient clinical manifestations, such as nausea,
abdominal pain, abnormal liver function, and ascites.
Major complications included those requiring increased
level of care or additional surgical or interventional
manipulation and those resulting in adverse sequelae
or death. Minor complications defined self-limiting
events.
Patency of the PV stents was evaluated with followup abdominal CT 3-6 mo after the procedure and,
after that, annually. According to clinician discretion,
however, the follow-up schedule could be altered. Axial
CT image of portal venous phase (5 mm-thick slice)
was routinely used for evaluation. In cases in which
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through transhepatic approach was firstly introduced
[14]
in LT patients by Olcott et al . This technique has
gained worldwide acceptance for the treatment of PV
stenosis after LT due to their minimal invasiveness, low
[15,16]
number of complications, and high success rate
.
Nonetheless, the reported stenosis recurrence rate
following balloon angioplasty alone has been relatively
high (28.6%-36.8%). Stents have usually been used
to treat recurrent and elastic portal venous stenoses
following balloon angioplasty, as this procedure
presents several potential complications, such as PV
[15,17,18]
[11]
rupture or recoil
. Therefore, Ko et al suggested
performing primary stent placement rather than balloon
angioplasty in the early post-transplantation period
(< 1 mo) to minimize the potential need of repeat
surgery and the risk of anastomotic rupture during
balloon angioplasty. In our study, primary stenting was
performed in all patients in the same way as done in
[11]
the study by Ko et al , given that the interval between
operation and stenting was relatively short. PV stent
placement success in non-transplant populations was
[7,19,20]
similar to that in the LT population
.
In our study, all patients showed minor symptoms
and signs of portal hypertension, such as nausea,
intestinal angina-like pain, abnormal LFT, ascites, and
increased JP drain output (no variceal bleeding was
recorded). PV stenosis symptoms were identified after
relatively short postoperative follow-up periods (within
2 mo, with the exception of 2 patients). Conservative
management and follow-up was performed in patients
presenting with intestinal angina only (n = 5, Table 1);
however, PV stenosis in these cases was not improved
during the follow-up period. Six patients presenting
JP drains showed serosanguineous drainage output
increase; these findings were different manifestations
of ascites. Considering these observations, patients
with significant PV stenosis presenting only minor
symptoms, such as intestinal angina, ascites, or
increased JP drain output, were recommended to be
[20]
treated early. Woodrum at al
reported on a patient
that presented with intestinal angina symptoms, with
a mesenteric venogram showing near occlusion of the
splenic vein and SMV. After PV stent placement, the
patient’s symptoms were completely relieved, which is
in accordance with the results of our study.
The long-term patency of PV stents has been
previously investigated. Reported stent patency was of
[5,7,10,11]
60%-100% during 1-2 years follow-up periods
.
[7]
Kim et al performed a stent patency comparison
between groups of patients presenting benign and
malignant stenosis and observed that the mean
patency period in the benign stenosis group was
higher than that of the tumor recurrence group. The
shorter patency period in the tumor recurrence group
seemed to be caused by a shorter survival period
rather than by tumor ingrowth into the stent due to
tumor recurrence. In our study, even in those cases in
which local tumor recurrence was observed, the stent
remained patent unless direct tumor invasion to the
stent occurred; however, further follow-up was needed

1.0

Patency rate
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0.2
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d

Figure 2 Kaplan-Meier results for cumulative patency rates among 22
patients who underwent portal vein stenting. Initial decrease in patency rate
occurred within 155 d after procedure. Further decrease in patency rate was
not observed during the entire follow-up period. The cumulative patency rate for
PV stent was 95.7%. PV: Portal vein.

or pneumoperitoneum.
Pre- and post-stenting pressure gradients across
the stenosis (measured in 14 patients) were 8.7 ± 3.4
mmHg (range: 5-16 mmHg) and 2.1 ± 1.1 mmHg
(range: 1-5 mmHg), respectively. The decrease in
pressure gradient after the procedure was statistically
significantly (Wilcoxon rank test; P < 0.05).
The first follow-up CT examination was performed
1-162 d (mean: 40.1 d) after the procedure; se
quential follow-up CT were performed in all patients.
The interval between procedure and final follow-up
CT was 41-761 d (mean: 374.5 d). Twenty stents
remained patent during the entire follow-up period.
One stent obstruction was identified on a follow-up
CT scan 155 d after the procedure; this obstruction
was caused by invasion of the PV stent by a recurrent
tumor. In a study population, 8/17 patients with
malignant tumors showed local recurrence of tumors,
but 7 stents that were not directly invaded by the
tumor remained patent during the entire follow-up
period. The cumulative stent patency rate was 95.7%
(Kaplan-Meier estimation; Figure 2). Follow-up CT
performed 83-409 d (mean: 180.6 ± 99.5 d) after
the procedure revealed small in-stent low-density
areas in 11 patients (55%). In all cases, these areas
were visualized in patients in whom the stents were
placed through PV and SMV, within 25% of the luminal
diameter. During consecutive follow-up CT, the extent
of these areas slightly decreased (Figure 3). These
low-density areas were located in the proximal and
distal edge (n = 9) or mid portion (n = 2) of stents.

DISCUSSION
Postoperative PV stenosis is a surgical complication
usually observed after concurrent resection and ana
stomosis of the PV after hepatobiliary and pancreatic
[7,13]
[1,9]
surgery
, and LT . Percutaneous intervention
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A

D

B

E

C

F

Figure 3 A 68-year-old woman (patient No. 8) presenting with main portal vein stenosis after pylorus-preserving pancreatoduodenectomy for duodenal
gastrointestinal stromal tumor. She presented with anorexia and increased JP drain output during the follow-up period. A: Axial CT image 13 d after surgery showing
stenosis at junction between the PV and SMV (arrowheads); B: Curved planar reformatted (CPR) image from abdominal CT 13 d after surgery showing stenosis at
junction between the PV and SMV (arrow); C: Percutaneous transhepatic portogram showing severe stenosis (> 50%) at the PV-SMV junction. The pressure gradient
was not measured because of definite stagnation of the contrast medium. The contrast medium injected at the distal SMV is clearly stagnant; D: Portogram showing
metallic stent in the main PV and SMV and the elimination of stenosis. After the procedure, the patient’s symptoms and signs improved; E: CPR image from abdominal
CT 2 d after stenting showing patent stent with small in-stent low-density area (arrow); F: The extent of small in-stent low-density area decreased on CPR image from
abdominal CT scan 555 d after stenting (arrow). CT: Computed tomography; PV: Portal vein; SMV: Superior mesenteric vein.

for these patients.
A pressure gradient > 5 mmHg across a stenosis
[3,18,21]
has been considered “significant” in some reports
.
However, no standard definition regarding a significant
pressure gradient currently exists. In our study, the
pressure gradient in 3 patients was < 6 mmHg. We
observed aggravation of stenosis in one of these
patients, kinking of PV in another, and diffuse stenosis
(> 50%) in the third one. Several researchers have
also reported clinically successful cases of stent place
ment following balloon angioplasty for the treatment of
[2,15,22]
PV stenosis, using a pressure gradient < 6 mmHg
.
Therefore, we consider that treatment is beneficial
in patients who have symptoms related to PV inflow
abnormalities or portal hypertension, even when the
change in pressure gradient is not significant.
In some cases, small in-stent low-density areas
were identified on follow-up CT scans, such as after
[12]
carotid stenting . The size of these areas decreased
during consecutive follow-up CT. The exact pathology
of these lesions was not fully understood but did not
alter the patency of the stents. Additional studies are
needed to clarify these observations.
The main limitations of this study are its retro
spective nature and the small number of patients.
Another limiting factor is that all procedures were

WJG|www.wjgnet.com

usually performed based on clinical manifestations
observed on CT and PV pressure gradient, not on
clinical manifestations, such as intestinal angina and
ascites; however, risk reduction of PV hypertension
should also be considered in cases in which early
intervention was recommended.
In conclusion, percutaneous transhepatic stent
placement can be safe and effective in the treatment
of PV stenosis developed after hepatobiliary and
pancreatic surgery. Importantly, stents show excellent
patency in follow-up abdominal CT scans, despite the
development of small in-stent low-density areas.
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Abstract
AIM
To evaluate this prevalence in Tuscan populations
that was known and unknown to the Tuscan Regional
Health Service in 2015.
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METHODS
Tuscan Health administrative data were used to
evaluate hepatitis C virus (HCV) infected people known
to the Regional Health Service. Residents in Tuscany
with a HCV exemption code (070.54) were identified.
Using the universal code attributed to each resident,
these patients were matched with hospital admission
codes identified by the International Classification of
Diseases, Ninth Revision (ICD-9), Clinical Modification,
and with codes for dispensing drugs to patients by local
and hospital pharmacies. Individuals were considered
only once. Capture-recapture analysis was used to
evaluate the HCV-infected population unknown to the
Regional Health Service.

Institutional review board statement: The study complied
with the Declaration of Helsinki and with the protection of
personal data. No identifiable human data were used for this
study.
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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
In total, 14526 individuals were living on 31/12/2015
with an exemption code for HCV. In total, 9524 patients
were treated with pegylated interferon + ribavirin and/
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[2]

Egypt. A subsequent systematic review , considering
15 countries (Argentina, Finland, Greece, India, Ireland,
Israel, Luxemburg, Mexico, Mongolia, The Netherlands,
New Zeland, Norway, Poland, Russia, South Africa),
shows that a viremic prevalence ranged from 0.13%
[3]
in the Netherlands to 2.91% in Russia. Gower et al
revealed a 1.6% (range 1.3%-2.1%) global prevalence
of people who have been infected with HCV (presence
of anti-HCV antibodies), and this value reaches 2.0% if
we exclusively consider the population over 15 years of
age.
In most cases, the test for anti-HCV antibodies
remains positive even in people who have cleared
the virus, while a minimum percentage of these may
instead be falsely positive.
On the contrary, the true prevalence is defined as
the presence of HCV-RNA in serum or plasma. In this
case, the estimated global HCV prevalence is 1.1%
(range 0.9%-1.4%), whereas the value is 1.4% if we
exclusively consider people over 15 years of age.
[3]
The meta-analysis of Gower et al reveals very
different prevalences of anti-HCV and HCV-RNA in
different regions of the world, highlighting the strong
variability in different areas (the lowest prevalence of
0.1% was observed in Oceania, whereas the highest
prevalence of 4.1% was observed in Sub-Saharan
West Africa). The World Health Organization (WHO)
estimates that 150 million people, approximately 3%
of the world population, are HCV chronically infected
and are at an increased risk of developing liver
[4]
cirrhosis and hepatocellular carcinoma .
The WHO estimates that 15 million people are
[5]
currently infected with HCV in European countries .
[6]
Ansaldi et al observed a slightly different sero
prevalence in Italy. The authors used the national
serological bank of the “European Sero-Epidemiology
Network - ESEN” project testing samples for anti-HCV,
HCV-RNA and genotypes from 18 Italian regions. The
analysis, which was performed by age and geographic
area, showed that 52.6% of anti-HCV-positive subjects
were also HCV-RNA positive, with a north-south gradient
ranging from 1.3% to 4.6% and a greater involvement
in the population over 30 years of age. The analysis
revealed an overall anti-HCV prevalence of 2.7%.
One of the main features of HCV is its genetic
variability. Seven genotypes are currently known and
divided into subtypes. In Italy, four genotypes are the
most common. As observed in the most of Europe,
the most frequent is the 1b genotype, which has a
prevalence of 60%, followed by 2c (20%), 1a (6%) and
[6]
4a/d (8%) . Based on this premises, the aims of this
study were to assess the prevalence and features of HCV
infected patients through both data reported in research
studies and administrative data and to calculate the
number of patients eligible for treatment according to
some of the Italian Medicines Agency prioritization’s
criteria.

or direct-acting antiviral drugs during the last 10 years,
and 13879 total hospital admissions were noted in the
last 15 years. After data linkage, the total number was
25918. After applying the Capture-Recapture analysis,
the number of unknown HCV-infected people was
23497. Therefore, the total number of chronic HCVinfected people was 38643, excluding those achieved
sustained virological response to previous treatment.
CONCLUSION
Our results show a prevalence of HCV infected people
of 1%. Tuscan administrative data could be useful for
calculating health care costs and health planning in the
coming years.
Key words: Hepatitis C; Public health; Fibrosis; Antiviral
treatment; Epidemiology
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Given the considerable differences among
the world regions, the calculation of hepatitis C virus
(HCV) prevalence through administrative flows seems
to be essential for intervention policy strategies.
Currently, these data are highly interesting given that
the introduction of direct-acting antiviral drugs has
highlighted the problem of sustainability due to the
high costs of new drugs in low and middle income
countries. Therefore, given the high number of chronic
HCV-infected patients and the high costs of these
drugs, the administrative data could be useful for
calculating health care costs and health planning in the
coming years.
Silvestri C, Bartolacci S, Pepe P, Monnini M, Voller F, Cipriani
F, Stasi C. Attempt to calculate the prevalence and features of
chronic hepatitis C infection in Tuscany using administrative data.
World J Gastroenterol 2016; 22(44): 9829-9835 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i44/9829.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i44.9829

INTRODUCTION
The screening of blood donors, which began in the early
1990s, has reduced the spread of hepatitis C virus (HCV)
in the population. The most effective preventative
measures for HCV include the screening and testing
of blood and organ donors, the implementation of
practices in healthcare settings and a strong education
[1]
programme. Bruggmann et al in a recent systematic
review, show that in selected countries (Australia,
Austria, Belgium, Brazil, Canada, Czech Republic,
Denmark, Egypt, England, France, Germany, Portugal,
Spain, Sweden, Switzerland, Turkey) the viremic
prevalence varied widely between countries, ranging
from 0.3% in Austria, England and Germany to 8.5% in
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sustained virological responders, the different responses
to drug treatment according to viral genotype were
taken into account using percentages of sustained
[8]
virological responders observed by Marcellin et al .
According to the authors, previous treatment led
to a SVR 24 wk after the end of treatment in 41.8%
of patients with genotype 1, 71.4% of those with
genotype 2, and 60.6% of those with genotypes 3 and
4.
Therefore, based on the genotypic subdivision
in Italy of patients treated with PEGINF + RBV, the
prevalence of HCV patients was calculated excluding
those patients who benefited from the treatment.

MATERIALS AND METHODS
Calculation of prevalence

A first analysis was performed by applying the
[6]
prevalence data reported by Ansaldi et al on HCVRNA-positive residents in Italy. National Statistical
Institute (ISTAT) data were used for this calculation. A
subsequent analysis was performed using prevalence
[6]
data of Ansaldi et al on the resident population in
Tuscany (data of Regional Health Agency of Tuscany).
Using the universal identification code (IDUNI)
attributed by the Region Tuscany to every citizen
residing in its territory, we identified people who
were assigned a code (in each information flow transmission of information from one “place” to another).
Therefore, the calculation of people with HCV
infection known to the Regional Health System was
performed using the main current sanitary flows of
the Regional Health Agency of Tuscany. Through the
universal code attributed by Region Tuscany to each
person, these patients were matched with hospital
admission codes identified by the International
Classification of Diseases, Ninth Revision (ICD-9)
Clinical Modification (such as acute hepatitis: ICD9CM: 070.41 e 070.51; chronic hepatitis: 070.44 and
070.54; hepatocellular carcinoma: 155.0; cirrhosis:
571.5) and codes for dispensing drugs to patients
by local and hospital pharmacies (ribavirin J05AB04,
daclatasvir J05AX14, sofosbuvir J05AX15, simeprevir
J05AE14, dasabuvir J05AX16, viekirax J05AX67,
pegintron L03AB10, pegasys L03AB11, sofusbuvir and
ledipasvir J05AX65). Each individual was considered
only once. In the most part of cases in Tuscany the
detection of anti-HCV was performed using the 3rd
generation of anti HCV tests, while for the detection of
HCV-RNA was used the real time PCR.

Patients unknown to the regional health service

To estimate the number of people with HCV who are
unknown to the Regional Health System, CaptureRecapture analysis was used. This method is most
useful to count all of the individuals in the population. A
major application of this method is epidemiology, where
the method is used to estimate the completeness of
disease registers. In the basic formulation (in the case
of two capture sources) the sample of HCV patients
from a target population is captured, marked and
released, and a second sample captured at some later
time. Therefore, the number of HCV patients observed
in each sample is noted, and it is possible to estimate
the size of the total population. Log-linear model allows
to extend this method to more than two sources and
to treat dependence among the sources. It is one of
the most used method to estimate the total population
size. Backwards stepwise regression was used to find
a model which adequately described the data with the
least number of parameters and the final model was
chosen according to Akaike Information Criteria (AIC).
The final model include all the two-way interaction
terms. The data were analysed using STATA12.

Calculation of comorbidity score

Calculation of patients eligible for treatment

Charlson Comorbidity Index was applied to calculate
the comorbidity score of these patients. This method
includes 19 categories of comorbidity and predicts
ten-year mortality for those patients who may have
a range of co-morbid conditions. A score of 1, 2, 3 or
6 is assigned to each co-morbid condition, depending
on the risk of dying associated with the condition. For
a physician, this information is helpful to know how
aggressively a condition must be treated. Highest
scores indicate greatest comorbidities. For example, a
score of > 3 is associated with a survival probability of
[7]
45% in 10 years .

In Italy, the Italian Drug Agency (AIFA) has identified
a number of criteria for the prescription of secondgeneration DAAs to patients with HCV-related chronic
disease. Among these, the 4 criteria provide the
treatment of patients with chronic hepatitis with
fibrosis stage METAVIR ≥ F3 (or corresponding ISHAK
or corresponding liver stiffness ≥ 10 kPa).
Therefore, a liver stiffness ≥ 10 kPa can be a
useful indicator to estimate how many people could
be treated with DAAs along this criteria. For the
[9]
Tuscan cohort, we used the study of Arena et al and
unpublished data of the Regional Health Agency of
Tuscany. Out of 150 patients, 94 had a fibrosis stage
≤ F3, and 56 patients had a fibrosis stage ≥ F3.

Sustained virological responders

A number of patients treated with pegylated interferon
(PEGINF) + ribavirin (RBV) achieved sustained virolo
gical response (SVR); therefore, the overall prevalence
was calculated excluding such patients from our cohort.
For the computation of the prevalence without
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Calculation of HCV prevalence

Tables 1 and 2 summarize the results obtained using
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Table 1 Prevalence of anti-hepatitis C virus and hepatitis C virus-RNA by age in Italy and Tuscany on 01.01.2015
Italy
Anti-HCV (%)
Geographic area
North
Center
South
Age
0-23 mo
2-14 yr
15-30 yr
31-45 yr
46-60 yr
> 60 yr
Total

HCV-RNA

+1

(%)

Tuscany
+

+

No. of resident
+
people anti-HCV

No. of HCV-RNA

No. of resident
+
people anti-HCV

No. of HCV-RNA

1.3 (0.8-1.8)
2.9 (1.7-4.1)
4.6 (3.4-5.8)

39.1
59.1
56.0

361397
350628
961638

140945
206871
538517

108827

64317

3.8 (1.0-6.6)
0.8 (0.3-1.3)
1.8 (1.0-2.6)
5.9 (3.8-8.0)
6.8 (3.9-9.7)
5.2 (1.9-8.5)
2.7 (2.2-3.2)

14.3
66.6
44.4
48.3
65.0
66.6
52.6

586772
547123
178552
767082
911233
836736
1641482

83912
364383
79277
370500
592301
557266
863419

33962
31373
9696
46649
56568
73919
108827

4862
20903
4305
22532
36769
49230
64317

HCV-RNA positive % calculated on anti-HCV; 2Using Istat data, the age range is 0-24 mo; 3Using Istat data, the age range is 3-14 year. The total is not the
sum of Cases. Source: Regional Health Agency of Tuscany on Ansaldi et al[6] prevalence and National Institute of Statistic data.
1

Table 2 Hepatitis C virus genotypes prevalence estimation in
Italy and Tuscany
Genotypes

Table 4 Charlson Index score adjusted for age calculated on
the estimated resident population in hepatitis C virus - positive
patients from Tuscany known to the Regional Health System
based on age group

HCV-RNA
Italy (n = 863419)

Tuscany (n = 64317)

518051
172684
51805
51805
69074

38590
12863
3859
3859
5145

1b
2c
1a
3a
4a/d

Age (yr)
0-14
15-34
35-44
45-54
55-64
65-74
75+
Total

Source: Regional Health Agency of Tuscany on Ansaldi et al[6] prevalence
and National Institute of Statistic data.

Table 3 Hepatitis C virus - RNA resident population in
Tuscany known to the Regional Health System by gender and
age group n (%)
Age (yr)
0-14
15-34
35-44
45-54
55-64
65-74
75+
Total

Males

Females

Total

70 (0.5)
633 (4.3)
1862 (12.8)
5270 (36.1)
2914 (20.0)
1920 (13.2)
1918 (13.1)
14587 (100)
56%

58 (0.5)
522 (4.6)
1104 (9.7)
2414 (21.3)
1743 (15.4)
2325 (20.5)
3165 (27.9)
11331 (100)
44%

128 (0.5)
1155 (4.5)
2966 (11.4)
7684 (29.6)
4657 (18.0)
4245 (16.4)
5083 (19.6)
25918 (100)

1-2

3-4

≥5

82
753
1.790
4.165
2.365
1.947
1.850
12.952
50%

45
373
1.001
2.633
1.566
1.656
1.974
9.248
36%

1
21
79
311
346
397
885
2.040
8%

0
8
96
575
380
245
374
1.678
6%

Source: Regional Health Agency of Tuscany.

increased prevalence in males compared with females
(males: 56%; females: 44%), and the highest
involvement was noted in individuals over 45 years of
age (83.6%) (Table 3).

Calculation of comorbidity score

[7]

Applying the Charlson Comorbidity Index to our cohort,
14% of known patients had a score ≥ 5 (Table 4).

Sustained virological responders

Source: Regional Health Agency of Tuscany.

Applying the prevalence of SVR observed by Marcellin
[8]
et al on the Tuscan population, 9524 individuals with
chronic HCV infection treated with either PEGINF + RBV or
DAAs were living as of 31/12/2015. Of these, the number
of patients who benefited from the therapy and therefore
did not need further treatment was 5652 (Table 5).

[6]

the prevalence of Ansaldi et al in Italian and Tuscan
people living as of 01/01/2015. (1) in total, 14526
people with an exemption code for HCV were living
as of 31/12/2015; (2) In total, 9524 patients were
treated with PEGINF + RBV and/or DAAs during
the last 10 years; (3) the total number of hospital
admissions in the last 15 years was 13879; and (4)
after data linkage, the total number was 25918.
These people were already known to the Regional
Health Service and considered as HCV-RNA positive.
The characterization by gender and age revealed an
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Patients unknown to the regional health service

Applying the Capture-Recapture analysis, it was
estimated that 23497 people with chronic HCV infection
living in Tuscany were unknown to the Regional Health
Service. Therefore, by adding the 25918 people
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Table 5 Patients known to the Regional Health Agency of Tuscany treated with pegylated interferon + ribavirin and/or direct-acting
antiviral drugs
Genotypes

HCV patients treated
with PEGINF + Rib

Sustained virological
responders to PEGINF
+ Rib

Elegible patients to
DAAs

1b (60%)
1a (6%)
2c (20%)
3a (6%)
4a/d (8%)
Totale

4516
452
1505
452
603
7528

2075

2445

1075
271
247
3668

364
151
300
3260

HCV patients treated
with DAAs

Sustained virological
1
responders to DAAs

1996

1896
(about 95% SVR)

1

HCV is considered regardless of genotypes. Sustained virological responders and total number of patients based on genotype - Source: Regional Health
Agency of Tuscany and prevalence data by Marcellin et al[8]. PEGINF: Pegylated Interferon; RBV: Ribavirin; DAAs: Direct-acting antiviral drugs.

unknown to Regional Health Services, especially
in the population at risk of contracting infection.
There are various statistical methods to calculate
all the individuals in the population that include
both subjects who are known and subjects who are
unknown to Regional Health Services. In this study,
we used the log-linear model that allows correction
for any covariates (such as sex and age). The total
prevalence calculated for the prevalence observed in
previous studies and that of administrative data are
1.7 vs 1.3 %. Currently, based on the calculation of
patients with SVR to previous treatment with PEGINF
+ RBV and DAAs, a fraction of patients (10772) out of
these 49,415 were sustained virological responders;
therefore, the prevalence was 1%.
The raccomandations of the European Association
[12]
for the Study of the Liver
outline that the goal of
treatment is to cure HCV infected patients in order to
prevent hepatic necro-inflammation, fibrosis, cirrhosis,
decompensation of cirrhosis, HCC, severe extrahepatic manifestations and death. However, because
not every HCV-infected patient can be treated within
the next year or so, the EASL suggest prioritization
of the treatment based on fibrosis stage, risk of
progression towards more advanced disease, presence
of HCV-associated extra-hepatic manifestations and
risk of HCV transmission (active injection drug users,
men who have sex with men with high-risk sexual
practices, women of childbearing age who wish to
get pregnant, haemodialysis patients, and inmates).
Along some of these reccomandations, treatment
should be prioritized in patients with advanced fibrosis
(METAVIR score F3 to F4), including patients with
decompensated cirrhosis who have a contra-indication
to the use of IFN-a but can be safely treated with IFNfree regimens.
The Italian Drug Agency published the prioriti
zation’s criteria for the therapy restricting DAAs
[13]
treatment to groups of patients . Some of these
criteria include the stage of fibrosis, which is one of
the most important predictors of progression of the
disease that affects treatment decisions.
Currently, treatment is reimbursed for patients
with post-liver transplantation (LT) recurrent HCV and

with chronic HCV infection known to the Regional
Health Service and the 23497 people unknown to the
Regional Health Service, a total of 49415 people with
chronic HCV infection were identified in Tuscany.

Calculation of patients eligible to treatment

According to literature data, approximately 40% of
Tuscan patients with chronic HCV have a liver stiffness
> 10 kPa. Therefore, considering this value as a
parameter for eligibility to DAAs along the 4 criteria,
it is possible to assume that out of the 20266 chronic
HCV-infected patients known to the Regional Health
Service (25918 people with HCV infection known
to Regional Health Service - 5652 who had SVR to
previous treatment with PEGINF + RBV and DAAs),
8106 are potentially eligible for the 4 criteria that
provide the treatment of HCV patients with fibrosis
stage METAVIR ≥ F3.
The same calculation was applied to patients to
unknown to the Regional Health Service. Therefore,
the total number of unknown patients to Regional
Health Service was 18377.
Therefore, out of 38643 patients who were unknown
and known to the Regional Health Service, 15457 are
eligible for DAAs.

DISCUSSION
In 2010, a WHO resolution recognised viral hepatitis
as a global health problem and stressed the need to
implement measures for its prevention, diagnosis
[10]
and treatment . In May 24, 2014, a follow-up re
solution urged WHO Member States to develop and
implement a national strategy based on epidemiological
[11]
data . Given the considerable differences among
Italian regions, the calculation of HCV prevalence
through administrative flows seems to be essential for
intervention policy strategies. Currently, these data are
highly interesting given the introduction of DAAs, which
allow the eradication of the virus. In addition, these
data have highlighted the problem of sustainability
due to the high costs of new drugs in low and middle
income countries. Intervention strategies are directed
both towards the eradication of cases known and
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advanced graft fibrosis; patients with chronic HCV
and cryoglobulinaemic syndrome or non-Hodgkin
lymphoma; patients with chronic HCV and advanced
fibrosis (METAVIR ≥ F3, corresponding to liver stiffness
≥ 10 kPa); patients with decompensated cirrhosis listed
for LT with MELD < 25 or with HCC within Milan criteria
and an expected time on the list of at least 2 mo; and
patients with any (non-liver) organ transplantation and
chronic HCV, with METAVIR ≥ 2; and patients with
[13]
METAVIR F0-F2 (only for Simeprevir) . When we
consider the eligibility criteria, 34,164 patients were
eligible for DAAs based on the criteria, including HCV
infected patients with advanced fibrosis (METAVIR ≥
F3, corresponding to liver stiffness ≥ 10 kPa). A large
number of studies have suggested that liver stiffness
measurement by transient elastography is a useful
technique for diagnosing severe fibrosis and cirrhosis
and for excluding significant fibrosis in hepatitis C virus
[14,15]
patients
.
In the entire cohort of patients Charlson Comor
bidity score of > 3, which was associated with a survival
probability of 45% over 10 years, was observed in 14%
of people.
For drug prescription, clinicians also considered
comorbidities to exclude an interaction between DAAs
and other drugs prescribed for comorbidities. However,
interferon- and ribavirin-treatment free regimens are
available and require shorter treatment periods (3 mo).
These regimens do not have substantial side effects
and are also effective in patients with decompensated
[16]
cirrhosis .
[17]
[18]
Recently, Wedemeyer et al
and Gane et al
used a mathematical model to forecast HCV disease
burden. The results of these analyses suggest that
the largest reduction in HCV-related morbidity and
mortality occurs when increased treatment is combined
with higher efficacy therapies, generally in combination
with increased diagnosis. However, for most countries,
this will require a 3-5 fold increase in diagnosis and/or
treatment. Using today’s treatment paradigm, HCVrelated mortality and morbidity is expected to increase
in all countries with the exception of France, which
[17]
has had a high treatment rate . The analysis of
[17]
[18]
Wedemeyer et al and Gane et al also demonstrated
that with a treatment rate of approximately 10%, it is
possible to achieve elimination of HCV (> 90% decline
in total infections by 2030). However, treatment of
F0-F1 patients was necessary if the goal of the strategy
is to eliminate HCV.
In conclusion, Tuscan administrative data reveal a
prevalence of chronic HCV infection of approximately
1%. Given the high number of chronic HCV-infected
patients and the high costs of these drugs, the new
regimens will probably remain inaccessible to many
patients throughout the world. Therefore, these data
could be useful for calculating health care costs and
health planning in the coming years.
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Abstract
AIM
To investigate the characteristic features of hepatitis B
surface antigen (HBsAg) seroclearance among Korean
hepatitis B virus (HBV) carriers.

Institutional review board statement: This study was approved
by the Institutional Review Board of Bundang Jesaeng General
Hospital (Seongnam-si, Gyeonggi-do, South Korea).
Informed consent statement: Informed consent was not
obtained.

METHODS
Carriers with HBsAg seroclearance were selected by
analyzing longitudinal data collected from 2003 to 2015.
The period of time from enrollment to the negative
conversion of HBsAg (HBsAg-NC) was compared by
stratifying various factors, including age, sex, hepatitis
B e antigen (HBeAg), HBV DNA, sequential changes
in the signal-to-cutoff ratio of HBsAg (HBsAg-SCR), as
measured by qualitative HBsAg assay, and chronic liver
disease on ultrasonography (US-CLD). Quantification of
HBV DNA and HBsAg (HBsAg-QNT) in the serum was
performed by commercial assay.
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RESULTS
Among the 1919 carriers, 90 (4.7%) exhibited HBsAgNC at 6.2 ± 3.6 years after registration, with no
differences observed among the different age groups.
Among these carriers, the percentages of those with
asymptomatic liver cirrhosis (LC) and hepatocellular
carcinoma (HCC) at registration were 31% and 7.8%,
respectively. The frequency of HBsAg-NC significantly
differed according to the HBV DNA titer and US-CLD.
HBeAg influenced HBsAg-NC in the 40-50 and 50-60
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IU/mL is considered to indicate an inactive hepatitis B
[3,5-7]
surface antigen (HBsAg) carrier state
. Once the
HBV genome is inactivated, it remains inert throughout
life, HBeAg becomes negative, and HBsAg is cleared in
approximately 40% of patients after 25 years of follow[3]
up . On the other hand, a significant proportion of
carriers with HBeAg loss harbor the G1896A mutation,
[2]
the so-called e-minus mutation . In Korea, where
[8-10]
most HBV carriers harbor genotype C2
, most
carriers over the age of 40 are infected with HBV with
basal core promoter (BCP) double mutations (A1762G
and A1764T), and more than half of these individuals
[9,10]
have the G1896A mutation
. These mutations are
associated with HBeAg-negative chronic hepatitis that
[2,11,12]
is frequently reactivated
, and HBeAg serocon
version is associated with the development of LC
[2,7,13]
and HCC in two-thirds of carriers
. Because the
turning point of seroconversion generally occurs near
[11]
the age of 40 , the recovery phase and timing of
mutations usually overlap with the development of
[2,14]
LC and HCC at this time
. However, HCC may also
[2,14]
develop after HBsAg seroclearance
. These results
highlight the difficulty of determining when and how
the negative conversion of HBsAg (HBsAg-NC) in the
serum takes the risk out of HCC. Thus, Korean HBV
carriers represent a good model to study the clinical
significance of HBsAg seroclearance in individuals
with genotype C. This study investigated the longterm process of HBsAg seroclearance to elucidate the
outcomes and predictive factors.

year age groups. HBsAg-SCR < 1000 was correlated
with an HBsAg-QNT < 200 IU/mL. A gradual decrease
in the HBsAg-SCR to < 1000 predicted HBsAg-NC. Six
patients developed HCC after registration, including two
before and four after HBsAg-NC. The rate at which the
patients developed new HCC after HBsAg seroclearance
was 4.8%. LC with excessive drinking and vertical
infection were found to be risk factors for HCC in the
HBsAg-NC group.
CONCLUSION
HCC surveillance should be continued after HBsAg
seroclearance. An HBsAg-SCR < 1000 and its decrease
in sequential testing are worth noting as predictive
markers of HBsAg loss.
Key words: Hepatocellular carcinoma; Hepatitis B virus;
Hepatitis B Surface antigen; HBsAg; Seroconversion;
Hepatitis B e antigen; HBeAg; Liver cirrhosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In South Korea, where most hepatitis B virus
carriers are infected with genotype C, hepatitis B
surface antigen (HBsAg) seroclearance rate is 4.7%,
and the incidence of hepatocellular carcinoma (HCC)
after HBsAg loss is 4.8%. In patients with HBsAg
seroclearance, the percentages of asymptomatic
liver cirrhosis (LC) and HCC are 31% and 7.8% at
enrollment, respectively. A signal-to-cutoff ratio of
the qualitative HBsAg level of less than 1000 and its
sequential decrease are worth noting as predictive
markers of HBsAg loss. HCC surveillance should be
continued after HBsAg seroclearance, particularly in
patients with LC.

MATERIALS AND METHODS
Patients

Among chronic HBV carriers who visited the Hepatology
Center of Bundang Jesaeng General Hospital between
March 2003 and September 2015, all patients with
HBsAg seroclearance were recruited. The clinical
and laboratory data were retrospectively recorded
at baseline and during follow-up. Chronic carriers
were defined as those with HBsAg positivity on two
successive tests performed at least six months apart.
Registration or entry was defined as the initial visit
to the center. The baseline data included the data
collected at the first visit. HBsAg seroclearance was
defined as two consecutive negative HBsAg tests
performed at least six months apart.

Park YM, Lee SG. Clinical features of HBsAg seroclearance
in hepatitis B virus carriers in South Korea: A retrospective
longitudinal study. World J Gastroenterol 2016; 22(44):
9836-9843 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i44/9836.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9836

INTRODUCTION
Hepatitis B virus (HBV) is the most important cause
of liver cirrhosis (LC) and hepatocellular carcinoma
[1,2]
(HCC) in endemic areas worldwide . The natural
course of HBV infection is associated with immuno
logical changes that occur in three phases: tolerance,
[3]
eradication, and recovery . These phases are classified
based on the serum aminotransferase level, hepatitis B e
antigen (HBeAg) and HBV DNA titers, which represent
[4,5]
hepatitis and viral replication, respectively . Recovery
is defined as ceasing of the self-replicating activity of
the HBV genome and its transition to a non-replicating
state. In general, a serum HBV DNA level of below 2000

WJG|www.wjgnet.com

Clinical data at baseline and during follow-up

The patients underwent tests for biochemical liver
function, hepatitis B virological markers, and alphafetoprotein, as well as liver ultrasonography (US). The
virological markers assessed included HBsAg, antiHBs, HBeAg, anti-HBe, and HBV DNA. The anti-HBs
or anti-HBe test was performed as clinically indicated.
The anti-HCV test was performed at baseline and was
repeated if the alanine aminotransferase level was
elevated to more than twice the upper limit of normal.
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Table 1 Rate and time interval of hepatitis B surface antigen seroclearance from entry
Age group

Total number

< 30
30-40
40-50
50-60
> 59
Total

1

HBsAg seroclearance

Time interval to HBsAg seroclearance

(sex ratio)

No. (rate/yr/sex ratio)

(yr, mean ± SD)

181 (1.8:1)
423 (2.3:1)
574 (2.9:1)
455 (0.4:1)
286 (1.1:1)
1919 (1.4:1)

4 (2.2%/0.55%/3.0:1)
11 (2.6%/0.45%/1.2:1)
36 (6.3%/0.92%/4.0:1)
22 (4.8%/0.79%/2.7:1)
17 (5.9%/1.05%/0.9:1)
90 (4.7%/0.76%/1.9:1)

3.99 ± 2.91
5.79 ± 4.23
6.87 ± 3.5
6.15 ± 3.89
5.64 ± 3.14
6.2 ± 3.6

1

The overall rate of HBsAg seroclearance was 4.7%, and the estimated annual rate of HBsAg seroclearance was 0.76%. The rate of HBsAg seroclearance was
significantly higher in the 40-50 and 50-60 year age groups than in the 20-30 and 30-40 year age groups (P = 0.001). Male predominance was observed in the
40s and 50s age groups but was not clear in the > 59 year age group. The time interval from entry to HBsAg loss was longer in the 40-50 and 50-60 year age
groups than in the 20-30 and 30-40 year age groups.

The signal-to-cutoff ratio of the HBsAg (HBsAg-SCR)
level was measured for each patient by qualitative
assay.

variables. Statistical data were expressed as the mean
± SD. The correlation between the HBsAg-SCR and
HBsAg-QNT was analyzed. The statistical procedures
[15]
were performed with R-project version 3.2 . P values
of < 0.05 were considered significant.

Methods for testing virological markers

The HBsAg, anti-HBs, HBeAg and anti-HBe levels were
determined by ARCHITECT qualitative assay, which
is a chemiluminescent microparticle immunoassay
(CMIA) that measures the resulting chemilumines
cent reaction as relative light units (RLUs) (Abbott
Laboratories, North Chicago, IL, United States). There
is a direct relationship between the amount of HBsAg
in a sample and the RLUs detected by ARCHITECT
assay (Abbott Laboratories). The anti-HCV levels
were determined using a third-generation enzyme
immunoassay (Abbott Laboratories). HBV DNA was
tested using a commercially available real-time poly
merase chain reaction (RT-PCR; Roche Molecular
Systems, Pleasanton, CA, United States), according
to the manufacturer’s instructions. The lower limit
of detection for the Roche assays is 20 IU/mL. The
viral load data obtained with the Roche assay were
converted to international reference units for analysis
using approximations for 1 pg (283000 copies) and 1
IU/mL (5.8 copies/mL).

RESULTS
HBsAg seroclearance rate

Negative seroconversion of HBsAg was observed in 90
of 1919 carriers (4.7%), with an estimated annual rate
was 0.76%. The rate of HBsAg loss was higher in the
carriers over the age of 40 than in the younger carriers
(5.7% vs 2.5%, P = 0.001). Among the carriers with
HBsAg seroclearance, male predominance was more
significant in the 40-50 and 50-60 year age groups
than in the 30-40 and > 60 year age groups (P <
0.0001). The period of time until HBsAg clearance after
registration was 6.48 ± 3.76 years. This value did not
significantly differ among the age groups (P = 0.148)
(Table 1).

Roles of HBeAg, the HBV DNA titer and BCP mutations
in HBsAg seroclearance

Among the 90 carriers with HBsAg seroclearance,
82.2% were HBeAg-negative at registration. Among
these HBeAg-negative carriers, 95.3% had no history
of anti-viral treatment and were considered to be
in the inactive phase. The time interval to HBsAg
clearance did not differ between the HBeAg-positive
and negative carriers (P = 0.982). Among the carriers
with HBsAg seroclearance who had a treatment
history, the time interval to HBsAg clearance did
not differ between the HBeAg-positive and negative
carriers (8.13 ± 3.12 vs 7.95 ± 3.45 years, P =
0.4442). However, this time interval was longer for the
carriers who had received treatment than for those
who had not received treatment (7.95 ± 3.34 vs 5.52
± 3.48 years, P = 0.017), suggesting that anti-viral
[16,17]
therapy does not lead to HBsAg seroclearance
. On
the other hand, the time interval from entry to HBsAg
seroclearance was significantly longer for the HBeAgpositive carriers than for the HBeAg-negative carriers
in the 40s and 50s age groups (9.24 ± 2.49 years vs

Quantitative HBsAg assay

The data on the HBsAg levels in 177 patients were
separately collected to perform correlation analysis
with the HBsAg-SCRs obtained with CMIA. The
HBsAg quantification (HBsAg-QNT) was measured
by electrochemiluminescence immunoassay using an
Elecsys HBsAg II Quant Assay (Roche Diagnostics,
Indianapolis, IN, United States), according to the
manufacturer’s instructions. This approach quantifies
HBsAg against an internal World Health Organization
reference standard in IU/mL.

Statistical analysis

To compare the characteristics between groups, either
2
the χ test or Fisher’s exact test was used to analyze
categorical variables, and Student’s t-test or Wilcoxon
nonparametric test was used to analyze continuous
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A

Table 2 Comparison of the time interval to hepatitis B
surface antigen seroclearance between carriers with and
without hepatitis B e antigen at entry

< 30
30-40
40-50
50-60
> 59
Total

1 (25)
4 (36.4)
6 (16.7)
2 (9.1)
3 (17.6)
16 (17.8)

8.15
5.87 ± 4.9
9.24 ± 2.84
9.22 ± 1.71
3.38 ± 1.81
7.23 ± 3.71

HBsAg-SCR

n (%)

5000

HBeAg-negative
Years
(mean ± SD)

n (%)

3 (75)
7 (63.6)
30 (83.3)
20 (90.9)
14 (82.4)
74 (82.2)

4000
3000
2000

0

0

1000

2000

3000

4000

5000

6000

7000

8000

HBsAg-QNT (IU/mL)

B

Overall, the time interval of HBsAg seroclearance did not differ between
the two groups (P = 0.982). However, when limited to the 40s and 50s age
groups, the time interval to HBsAg seroclearance was significantly longer
in the HBeAg-positive group than in the HBeAg-negative group (P = 0.013),
but it did not significantly differ in the other age groups. In the 60s age
group, the time interval to HBsAg seroclearance did not differ between the
HBeAg-positive and negative groups (P = 0.1208).

80

6.18 ± 3.63 years, P = 0.013) (Table 2). Likewise, the
time interval was significantly longer for the carriers
with an HBV DNA level of > 2000 IU/mL than for
those with a level of < 20 IU/mL (8.31 ± 3.26 years
vs 4.92 ± 3.36 years; P = 0.0005) (Table 3). Data on
the BCP double mutations, A1762G and A1764T, and
the e-minus mutation, G1896A, were available for 18
patients. Women were predominant in the wild-type
BCP group, whereas men were predominant in the
mutant group (male/female = 1/6 vs 9/2, respectively;
P = 0.0014). The BCP mutation carriers tended to be
older than the wild-type carriers (41.9 ± 10.8 years vs
48.5 ± 7.6 years old, P = 0.0725). However, the time
interval from entry to HBsAg seroclearance did not
differ between the groups.

HBsAg-QNT by HBsAg-SCR: 1-1000

70
60
50
40
30
20
10
0

y = 0.0674x + 0.9902
2
R = 0.916

0

200

400

600

800

1000

HBsAg-SCR

HBsAg-SCR

C

9000
8000
7000
6000
5000
4000
3000
2000
1000
0

HBsAg-SCR by HBsAg-QNT: > 200 IU/mL
y = -0.0493x + 4271.8
2
R = 0.0101

0

1000

2000

3000

4000

5000

6000

7000

8000

HBsAg-QNT (IU/mL)

HBsAg-SCR

D

Utility of the signal-to-cutoff ratio of the qualitative
HBsAg level

A log-linear-shaped correlation was detected between
the HBsAg-SCR and HBsAg-QNT (Figure 1A), and a
good correlation with a linear drift curve was observed
between an HBsAg-SCR < 1000 and an HBsAg-QNT <
100 IU/mL (y = 0.0674x + 0.9902, R² = 0.916) (Figure
1B). No correlation was observed between these two
values in the patients with HBsAg-QNT levels of over
200 IU/mL (Figure 1C). An inverse correlation was
observed in the patients with very high HBsAg titers of
over 10000 IU/mL (Figure 1D), indicating a prozone
effect on the HBsAg-SCR caused by excess antigen.
Based on the HBsAg-SCR value of 1000, we arbitrarily
divided the 90 carriers with HBsAg seroclearance into
two groups. The period of time from entry to HBsAg
seroclearance was significantly shorter in the < 1000
group than in the ≥ 1000 group (5.07 ± 3.74 years
vs 7.47 ± 3.05 years, P = 0.0008). Moreover, a
sequential decrease in the HBsAg-SCR was predictive
of HBsAg-NC in every case (Figure 2). The HBeAgpositive rate was significantly higher in the ≥ 1,000
group than in the < 1000 group (25% vs 11.9%, P =

WJG|www.wjgnet.com

y = 536.91 ln (x) + 24.997
2
R = 0.6852

1000

2.6 ± 1.06
5.75 ± 4.21
6.4 ± 3.46
5.84 ± 3.93
6.12 ± 3.2
5.98 ± 3.2

HBsAg-QNT (IU/mL)

HBeAg-positive
Years
(mean ± SD)

Age group

6000

4000
3500
3000
2500
2000
1500

HBsAg-SCR by HBsAg-QNT: > 7500
y = -917.9 ln (x) + 11527
2
R = 0.8278

1000
500
0

0

50000

100000

150000

200000

HBsAg-QNT (IU/mL)

Figure 1 Signal-to-cutoff ratio of hepatitis B surface antigen was
measured by qualitative assay and partially reflects the quantity of
hepatitis B surface antigen in the serum. A: There was a log-linear
correlation between the HBsAg-SCR and HBsAg-QNT; B: There was a good
correlation with a linear drift curve between an HBsAg-SCR < 1000 and an
HBsAg-QNT < 100 IU/mL (y = 0.0674x + 0.9902, R² = 0.916); C: HBsAg-QNT
levels of greater than 200 IU/mL were not correlated with the HBsAg-SCR; D:
Very high HBsAg titers of more than 10000 IU/mL were inversely correlated with
the HBsAg-SCR, which was caused by a prozone effect. HBsAg-SCR: Signalto-cutoff ratio of HBsAg; HBsAg-QNT: Quantity of HBsAg; HBsAg: Hepatitis B
surface antigen.

0.0057). Further, the mean age in the < 1000 group
tended to be higher than that in the ≥ 1000 group
(46.2 ± 11 years vs 50 ± 11.1 years old, P = 0.0593).
However, there was no difference in the sex ratio or
the prevalence of HCC or LC between the two groups.
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Table 3 Comparison of the time interval to hepatitis B surface antigen seroclearance in each age group with the serum hepatitis B
virus DNA titer at entry
1

HBV DNA < 20 IU/mL
Age group
< 30
30-40
40-50
50-60
> 59
SUM

HBV DNA 20-2000 IU/mL

HBV DNA > 2000 IU/mL

No.

Years (mean ± SD)

No.

Years (mean ± SD)

No.

Years (mean ± SD)

2
4
12
12
9
39

2.31 ± 1.32
6.42 ± 4.82
5.73 ± 3.73
3.94 ± 2.99
5.07 ± 2.85
4.92 ± 3.36

2
4
14
6
5
31

5.67 ± 3.51
3.72 ± 4.01
6.71 ± 3.36
8.36 ± 3.43
5.95 ± 3.28
6.45 ± 3.49

0
3
10
4
3
20

0
7.72 ± 3.92
8.47 ± 3.11
9.47 ± 3.11
6.82 ± 4.6
8.31 ± 3.26

1

A

6000

HBsAg-SCR, signal-to-cutoff ratio

The 20 IU/mL value is the cut-off level for HBV DNA detected by real-time polymerase chain reaction. The time interval to HBsAg seroclearance was
very significantly reduced in the HBV DNA < 20 IU/mL group compared with the > 2000 IU/mL group (P = 0.0005). The difference in the time interval to
HBsAg seroclearance was slightly significant between the HBV DNA < 20 IU/mL and 20-2000 IU/mL groups and between the HBV DNA > 2000 IU/mL
and 20-2000 IU/mL groups (P = 0.0671 and P = 0.0624, respectively).

5000

years, respectively; normal US vs CLD, P = 0.0259;
normal vs cirrhotic US, P = 0.0366) (Table 4). Among
the 90 patients with HBsAg seroclearance, 31% had
asymptomatic, inactive LC without HCC at registration.
Men were predominant in the 30s (3/3) and 40s
(9/10) age groups, but the proportion of females was
increased in the 50s (3/5) and 60s (5/10) age groups.
Five patients (17.9% of 28; male/female = 4/1)
developed HCC during follow-up, including one before
and four after HBsAg loss.

4000
3000
2000
1000
0

0

20

40

60

80

100

Hepatocellular carcinoma and HBsAg seroclearance

120

Among the 90 patients with HBsAg seroclearance,
thirteen were diagnosed with HCC, including seven
(7.8%) at registration (HCC group-1) and six (6.7%)
during follow-up (HCC group-2). Among the patients in
HCC group-2, two developed HCC prior to HBsAg loss,
and four developed HCC at 0.66 ± 0.63 years after
HBsAg loss, corresponding to a rate of 4.8% among
the 83 carriers without HCC at entry. There was no
difference in the time interval from entry to HBsAg loss
between HCC group-1 and group-2 (6.78 ± 2.77 years
and 5.77 ± 3.18 years, respectively). In addition to
LC, the risk factors for HCC included excessive drinking
in three men and vertical infection in one woman.

Duration from entry to HBsAg seroclearance (mo)

HBsAg-SCR, signal-to-cutoff ratio

B

6000
5000
4000
3000
2000
1000
0

0

10

  20

30

40

50

60

Duration from entry to HBsAg seroclearance (mo)

DISCUSSION

Figure 2 Sequential changes in the signal-to-cutoff ratio of Hepatitis B
surface antigen in the patients with negative conversion of Hepatitis B
surface antigen during the follow-up period after registration. A: HBsAgSCRs in the patients with HBsAg-NC after 5 years post-entry; B: HBsAg-SCRs
in the patients with HBsAg-NC before 5 years post-entry. HBsAg-SCR: Signalto-cutoff ratio of HBsAg; HBsAg-NC: Negative conversion of HBsAg; HBsAg:
Hepatitis B surface antigen.

We summarize here five important key findings regarding
HBsAg seroclearance in Korean HBV carriers from a
new perspective. First, HBsAg-SCR, HBeAg, HBV DNA
and CLD are factors associated with the time interval
from a given carrier state to HBsAg seroclearance.
Second, the start of a decrease in HBsAg-SCR usually
indicates the gradual loss of HBsAg quantity. Third,
asymptomatic, inactive LC is present in approximately
30% of carriers with HBsAg seroclearance. Fourth,
HCC can develop after HBsAg loss. Fifth, in addition to
LC, risk factors for HCC may include excessive drinking
and a family history of HBV infection.
The HBsAg clearance rate seems to be lower in
Korea than in other countries. The clearance rate was
determined to be 0.76% in Korea, while other studies

LC and HBsAg seroclearance

We classified the patients with HBsAg seroclearance
into the following three groups according to their US
findings: normal, non-cirrhotic chronic liver disease
(CLD) and cirrhotic. The period of time from study
entry to HBsAg loss was significantly shorter in the
normal US group than in the CLD and cirrhotic US
groups (5.05 ± 3.92, 6.86 ± 3.51 years and 6.8 ± 2.98
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Table 4 Comparison of the time to hepatitis B surface antigen seroclearance in each age group with the ultrasonography stage of
chronic liver disease
Age group
< 30
30-40
40-50
50-60
> 59
SUM

Normal US

Non-cirrhotic CLD

Cirrhotic US

No.

Year (mean ± SD)

No.

Year (mean ± SD)

No.

Year (mean ± SD)

2
9
9
9
3
32

2.29 ± 1.28
5.48 ± 4.59
5.7 ± 4.07
5 ± 4.23
3.81 ± 1.49
5.05 ± 3.92

2
1
16
8
7
34

5.7 ± 3.47
5.56
7.2 ± 3.63
6.59 ± 4.3
6.91 ± 3.17
6.86 ± 3.51

0
1
11
5
7
24

5.6
7.35 ± 2.86
7.51 ± 2.38
5.14 ± 3.42
6.8 ± 2.98

Chronic liver disease (CLD) showing coarse parenchymal texture in ultrasonography (US). The time interval to HBsAg seroclearance was significantly
shorter in the carriers with normal US than in those with non-cirrhotic CLD (US-CLD) or cirrhotic US (US-LC). There was no difference in the time interval
to HBsAg seroclearance between the carriers with US-CLD and those with US-LC. Age did not significantly impact the difference in the time interval to the
disappearance of HBsAg: normal US vs US-CLD, P = 0.0259; normal US vs US-LC, P = 0.0366; and US-CLD vs US-LC, P = 0.4724. However, there was no
significant difference among the 40s and 50s age groups according to the stage of CLD: normal US vs US-CLD, P = 0.091; normal US vs US-LC, P = 0.0678;
and US-CLD vs US-LC, P = 0.3579.
[6,18]

have reported rates of 1.15%-1.6% in Taiwan
,
[19]
1.14% in Kawerau of New Zealand , 1%-1.9% in
[5,17]
Caucasian carriers
, 2.5% in the Goto Islands of
[20]
[21]
Japan , and 3.08% in China . Compared with data
[18]
from Taiwan , HBsAg seroclearance in Korea was
significantly reduced in all age groups as follows:
0.55% vs 0.77% in the 20-30 year, 0.45% vs 1.07%
in the 30-40 year, 0.92% vs 1.65% in the 40-50
year, and 0.89% vs 1.83% in the 50 and over age
groups. This variability may be due to various factors,
such as geographic differences in genotypes, age,
gender, viral loading and fibrosis at enrollment. For
instance, almost all Korean carriers are known to be
infected with genotype C, whereas 60% and 34% of
Taiwanese carriers are infected with genotypes B and C,
[6,22]
respectively
.
Carriers with an initial HBeAg-positive result show
the gradual negative conversion of HBeAg and HBV
[14]
DNA before the loss of HBsAg . In carriers with an
initial HBeAg-negative result, HBV DNA is cleared from
the serum before HBsAg-NC, although low HBV DNA
[23]
titers are persistently detected in some patients .
These results are inter-related in that the HBsAg
loss is usually preceded by a long period of inactive
[17]
disease .
The time period from entry to HBsAg loss in our
study is similar to that reported in a previous six-year
[21]
study conducted in China . Notably, no significant
differences in this time interval were observed accord
ing to age, the HBeAg status or the HBV DNA titer
at the time of enrollment. Two opposite conclusions
have been made regarding the role of HBV DNA in
HBsAg seroclearance. One is that HBV DNA is not a
[6,19]
, while the other
dependent factor for HBsAg-NC
suggests that lower viral loads are predictive of HBsAg
[24]
seroclearance . In our study, the HBV DNA titer
was associated with the relative period of time from
detection of viral activity to HBsAg seroclearance, and
this period was at least 1.5 times longer in the carriers
with HBV DNA levels ≥ 2000 IU/mL than in those with
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levels < 20 IU/mL 40s. However 50s, HBeAg exhibited
this effect only in the 40s and 50s age groups,
indicating its age-dependent role in predicting HBsAg
loss, in contrast with the HBV DNA titer.
The baseline HBsAg level is known to be a better
predictor of HBsAg seroclearance than other fac
[6,16,19,21,24-26]
tors
. This statement applies to inactive
carrier, in whom a lower HBsAg level is more predictive
of HBsAg seroclearance. Reportedly, the optimum cutoff baseline HBsAg level has varied among studies,
for example, studies have reported levels of < 10
[6,21]
[19,24]
[25,26]
IU/mL
, < 100 IU/mL
, < 200 IU/mL
, and <
[16]
751 IU/mL . In addition, it has been reported that the
predictive capacity of the HBsAg level can be improved
by considering it in combination with other factors,
[21]
[19]
such as a normal platelet count , old age , an
[24]
undetectable HBV DNA level , the HBV DNA level at
[27]
12 mo after HBeAg seroconversion , and a yearly ≥
[25,26]
0.5 log IU/mL reduction
.
Because the quantitative HBsAg test is expensive,
we analyzed the utility of the HBsAg-SCR in predicting
HBsAg seroclearance. A good linear correlation was
observed between an HBsAg-SCR < 1000 and HBsAgQNT < 200 IU/mL. In addition, a prozone effect on the
HBsAg-SCR caused by excess antigen was observed
among the carriers with excessive HBsAg titers of >
10000 IU/mL, most of whom had a very high serum
HBV DNA level of > 7 log10 IU/mL. With the exception
of those carriers with highly replicative infections, the
HBsAg-SCR was significantly reduced in the HBeAgnegative carriers compared with the HBeAg-positive
carriers. Moreover, the period of time from a given
viral state to HBsAg loss tended to be shorter, as
shown in Figure 2. A gradual decrease in the repeated
tests during follow-up usually indicated HBsAg loss
within five years. These results suggest that sequential
HBsAg-SCR data are very useful for predicting HBsAg
seroclearance.
The rate of LC at entry of 31.1% for the carriers
with HBsAg seroclearance is similar to that reported
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[14]

previously . These results indicate that LC is present
in an appreciably high rate of carriers with HBsAg
seroclearance. On the other hand, significant fibrosis
has been reported to be more prevalent in patients
with HBsAg seroclearance who are > 50 years of age
[19,28]
compared with those who are < 50 years of age
.
In our study, the prevalence of LC was significantly
increased among the males who were approximately
forty years of age. In addition, the carriers in whom
LC/CLD was detected on US exhibited a longer time
interval from entry to HBsAg seroclearance than those
with normal US results. These results suggest that the
correlation between age and HBsAg loss is meaningful
when it is considered together with gender and LC.
In addition, the frequency of HBsAg loss was higher
in the carriers over the age of 40 than in the younger
carriers, and this trend is similar to trends reported
[18]
[20]
[29]
in Taiwan , Japan , and New Zealand . These
results might be associated with a high rate of HBsAg
seroclearance during long-term follow-up, as reported
[18]
in Chu and Liaw’s study .
Inactive carriers generally have a good prognosis.
Indeed, none of the patients developed HCC following
HBsAg loss (median follow-up of 72 mo) in a community
[19]
study conducted in Kawerau, New Zealand , or in a
[5]
study of Caucasians . In contrast, in studies performed
in Hong Kong and the United States, 1.4%-2.4%
of the patients developed HCC after HBsAg seroclea
[7,14,28]
rance
. In our study, 4.82% of the carriers with
HBsAg seroclearance developed HCC after HBsAg loss,
indicating that HBsAg seroclearance does not guarantee
patient safety out of HCC.
In one study, HBsAg seroclearance in individuals
< 50 years of age has been shown to be associated
[28]
with a lower risk of the development of HCC . In
another study, a low baseline level of albumin and
family histories of HBsAg positivity and HCC have
been demonstrated to be associated with a high risk
of development of HCC, even in individuals who are <
[14]
50 years of age at the time of HBsAg clearance . In
our study, HCC developed in one patient over 50 years
of age and in three patients over 60 years of age after
HBsAg seroclearance. All patients had asymptomatic
LC at registration and no evidence of deterioration
of liver function during follow-up. In addition, none
of these patients had a family history of HCC. Three
men were excessive drinkers, and one woman had a
vertical HBV infection.
In conclusion, HBsAg seroclearance does not
indicate safety out of HCC, particularly in patients
with LC. Spontaneous HBsAg loss might occur in a
large proportion of cryptogenic LC and HCC cases
in Korea, and surveillance should be continued after
HBsAg loss in the same manner as for HBsAg-positive
patients. Sequential HBsAg-SCR data measured with
the conventional test are very useful for the long-term
management of carriers, similar to HBsAg levels.
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Background

Chronic hepatitis B virus (HBV) infection follows a unique natural course,
consisting of immune tolerance, eradication, and a recovery phase. Intricate
changes in the balance between host and viral factors stimulate the phase
transition. Prognosis of chronic carriers is determined by a complicated process
with consideration of phase transition. Seroclearance of hepatitis B surface
antigen (HBsAg) is the final step of the recovery phase. However, the clinical
features of HBsAg seroclearance have not yet been completely elucidated.

Research frontiers

The recovery phase usually overlaps with the occurrence of escape
mutations in the HBV genome and the development of liver cirrhosis (LC) and
hepatocellular carcinoma (HCC). Thus, it is difficult to determine when and how
the negative conversion of HBsAg (HBsAg-NC) has occurred to a sufficient
extent to have preventive effects for HCC. The research hotspot is clarification
of the clinical features associated with spontaneous HBsAg seroclearance,
including the outcome and predictive markers, to facilitate the development of a
patient management strategy both during and after the recovery phase.

Innovations and breakthroughs

The results of the present study have suggested that the phase transition to
recovery occurs spontaneously in most patients and that asymptomatic LC is
prevalent among these patients (31%). Thus, a significant proportion of chronic
carriers are at risk of HCC at the time of recovery. In fact, the data showed that
HCC developed among the patients with LC during the recovery phase both
pre- and post-HBsAg seroclearance. On the other hand, it is known that the
HBsAg quantity, in combination with the HBV DNA titer, is a predictive marker
for HBsAg seroclearance. The authors have demonstrated for the first time that
a signal-to-cutoff ratio of the qualitative HBsAg level (HBsAg-SCR) of < 1000
and its sequential decrease are notable predictive markers of HBsAg loss. Our
data support the value of sequential HBsAg-SCR data.

Applications

The results of our study may facilitate the design of a management strategy for
HBV carriers both pre- and post-HBsAg seroclearance. In particular, patients
with evidence of chronic liver disease or LC should be carefully monitored for
the development of HCC, even after the spontaneous loss of HBsAg.

Terminology

Serum HBsAg positivity lasting for six months is a serological indicator for
chronic HBV infection. HBsAg seroclearance refers to the spontaneous HBsAgNC in the serum. The HBsAg-SCR is the signal-to-cutoff ratio of HBsAg,
as measured by qualitative assay, and the quantification of HBV DNA and
HBsAg (HBsAg-QNT) is the quantity of HBsAg in the serum, as measured
by quantitative assay. The HBsAg-SCR is determined according to the signal
intensity of an antigen-antibody reaction. The authors found that carriers with a
very high HBV DNA titer of > 7 logs IU/mL exhibited a prozone effect, in which
the HBsAg-SCR was paradoxically reduced by excess antigen. In contrast,
in the HBV DNA-negative patients, an HBsAg-SCR < 1000 was strongly
correlated with an HBsAg-QNT < 200 IU/mL. Otherwise, the HBsAg-SCR was
not correlated with the HBsAg-QNT.

Peer-review

This invited manuscript written by Park et al investigated the clinical features
of HBsAg serological clearance among almost 2000 Korean HBV carriers.
This is a valuable study that included large-scale clinical sample analyses; the
significant conclusion of this study is that liver cancer surveillance should be
continued after HBsAg seroclearance, particularly in patients with cirrhosis.
The title describes the contents of the paper. The abstract is informative and
completely self-explanatory; it briefly presents the topic, states the scope of
the experiments, provides the significant data, and notes the major findings
and conclusions. The purpose or purported significance of the article is
explicitly stated. The research study methods are complete enough to enable
the experiments to be reproduced. All figures and tables are necessary and
appropriate. The discussion interprets the findings in view of the results
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obtained in this and in past studies on this topic.
17
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Abstract
AIM
To assess disease-specific circulating microRNAs
(miRNAs) in non-alcoholic steatohepatitis (NASH)
patients.

Institutional review board statement: The study was reviewed
and approved by the Ethics Committee of Xin Hua Hospital
Affiliated to Shanghai Jiaotong University School of Medicine.

METHODS
A total of 111 biopsy-proven non-alcoholic fatty liver
disease (NAFLD) or chronic hepatitis B (CHB) patients
and healthy controls from mainland China were enrolled
to measure their serum levels of miR-122, -125b,
-146b, -16, -21, -192, -27b and -34a. The correlations
between serum miRNAs and histological features of
NAFLD were determined. The diagnostic value of
miRNA in NASH and significant fibrosis was analyzed
and compared with that of cytokeratin-18 (CK-18),
fibrosis-4 (FIB-4), and aspartate aminotransferase to
platelet ratio index (APRI), respectively.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.
Conflict-of-interest statement: The authors declare that they
have no conflict of interest.
Open-Access: This article is an open-access article which was
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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
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
Circulating miR-122, -16, -192 and -34a showed
differential expression levels between NAFLD and CHB
patients, and miR-34a had an approximately 2-fold
increase in NAFLD samples compared with that of CHB
samples (P < 0.01). Serum miR-122, -192 and -34a
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common cause of chronic liver disease and the second
most common indication for liver transplantation in
[3]
America . Thus, there is an urgent need for improved
detection of NASH. Invasive liver biopsy remains the
gold standard for the diagnosis of NASH, and thus
there is a strong interest in the development of noninvasive biomarkers for this disease, such as serum
[4,5]
cytokeratin-18 (CK-18) and ferritin . However, these
serum biomarkers do not have sufficient sensitivity or
[6]
specificity to act as robust predictors of NASH .
Chronic hepatitis B (CHB), a global health burden
caused by hepatitis B virus (HBV) infection, affects
approximately 350 million people worldwide, and
[7]
780000 die each year due to HBV-related diseases .
In Asia and the western Pacific, especially China, CHB
[8-10]
is still a leading cause of cirrhosis and HCC
. Given
the high prevalence of CHB in China, it cannot be
excluded in the identification of biomarkers of NAFLD
and NASH.
Recently, circulating microRNAs (miRNAs) have
emerged as attractive candidate biomarkers for early
detection and monitoring of liver disease progression
and response to treatment, as they are protected from
[11]
RNases in the body fluids and are extremely stable .
The use of miRNAs as noninvasive biomarkers of
NAFLD is of particular interest. Recent studies have
identified a series of miRNAs that are dysregulated in
NAFLD, among which miR-122, -125b, -146b, -16,
-21, -192, -27b and -34a are the most widely reported
to contribute to the development of NAFLD and
[12-17]
NASH
.
Although many studies have been conducted to
identify the biomarkers and mechanisms associated
with NAFLD, many issues remain unsolved. For
example, there is still a lack of reliable disease-specific
biomarkers for the diagnosis of NASH. Therefore, we
assessed whether circulating miRNAs can distinguish
NAFLD from CHB and also diagnose NASH and
significant fibrosis in NAFLD. In the present study, we
analyzed the serum expression profile of eight miRNAs
(miR-122, -125b, -146b, -16, -21, -192, -27b and
-34a) in healthy controls, CHB controls and NAFLD
patients from mainland China.

levels were correlated with steatosis (R = 0.302, 0.323
and 0.470, respectively, P < 0.05) and inflammatory
activity (R = 0.445, 0.447 and 0.517, respectively, P
< 0.01); only serum miR-16 levels were associated
with fibrosis (R = 0.350, P < 0.05) in patients with
NAFLD. The diagnostic value of miR-34a for NASH
(area under the receiver operating characteristic, 0.811,
95%CI: 0.670-0.953) was superior to that of alanine
aminotransferase, CK-18, FIB-4 and APRI in NAFLD, but
miR-16 showed a limited performance in the diagnosis
of significant fibrosis in NASH.
CONCLUSION
Circulating miR-34a may serve as a disease-specific
noninvasive biomarker for the diagnosis of NASH.
Key words: MicroRNA; Non-alcoholic steatohepatitis;
Hepatic fibrosis; Biomarker; Chronic hepatitis B
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Circulating miR-122, -192, -34a and -16
showed differential expression levels between nonalcoholic fatty liver disease and chronic hepatitis B
patients, and serum miR-122, -192 and -34a could also
differentiate non-alcoholic steatohepatitis (NASH) from
non-alcoholic fatty liver. The latter were correlated
with steatosis and inflammatory activity, and only
serum miR-16 was associated with hepatic fibrosis. The
diagnostic value of miR-34a for NASH was superior to
that of alanine aminotransferase and cytokeratin-18,
but miR-16 showed a slightly poorer performance
than that of fibrosis-4 and aspartate aminotransferase
to platelet ratio index in the diagnosis of significant
fibrosis in NASH.
Liu XL, Pan Q, Zhang RN, Shen F, Yan SY, Sun C, Xu ZJ, Chen
YW, Fan JG. Disease-specific miR-34a as diagnostic marker of
non-alcoholic steatohepatitis in a Chinese population. World J
Gastroenterol 2016; 22(44): 9844-9852 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i44/9844.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i44.9844

MATERIALS AND METHODS

INTRODUCTION

Study design, patients and controls

With advances in the quality of life and various lifestyle
transitions, non-alcoholic fatty liver disease (NAFLD)
has become a growing public health concern worldwide, with a prevalence of about 15% in the general
[1]
population of China . NAFLD refers to a disease
spectrum with progressive histological changes ranging
from non-alcoholic fatty liver (NAFL) to non-alcoholic
steatohepatitis (NASH), which is characterized by
hepatocyte injury with the presence of hepatic steatosis. If left untreated, NASH will result in irreversible
liver damage, such as fibrosis, cirrhosis and hepatocel[2]
lular carcinoma (HCC) . Currently, NASH is the most

WJG|www.wjgnet.com

This study was carried out in 111 Chinese Han individuals between May 2012 and May 2014. The inclusion criteria were as follows: (1) age of 18-60 yearsold; (2) NAFLD group: evidence of hepatic steatosis
by histology; and (3) CHB group: serum hepatitis B
surface antigen (HBsAg) positivity for at least 6 mo, a
liver biopsy showing chronic hepatitis with moderate or
severe necro-inflammation, and patients not meeting
the diagnostic criteria for cirrhosis or steatosis. The
exclusion criteria were as follows: (1) excessive alcohol
consumption (140 g per week for men, 70 g for
women); (2) use of hepatotoxic medications or herbal
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products; (3) other viral hepatitis; (4) diabetes; and
(5) pregnancy or lactation. The healthy control group
consisted of healthy age- and sex-matched subjects
from our institutional staff with normal body mass
2
index (BMI; calculated as body weight/height ), liver
enzymes, and abdominal ultrasonography findings.
The Ethics Committees of Xinhua Hospital approved
this study, and all the subjects provided informed written consent prior to enrollment.

MicroRNA Reverse Transcription Kit (ABI, Foster City,
CA, United States). We performed quantitative realtime polymerase chain reaction (qRT-PCR) on a 7900
HT Sequence Detection System (ABI) using a TaqMan
Universal PCR Master Mix (ABI) to assess the distribution of eight miRNAs in serum. The miRNA abundance
of miR-122, -125b, -146b, -16, -21, -192, -27b and
-34a was normalized to that of miR-1228 and was
ΔΔCt
calculated based on the comparative 2
method. The
relative miRNA expression levels were transformed into
their natural logarithm to eliminate heteroscedasticity.

Clinical and laboratory assessment

Clinical information, including age, sex, BMI and
frequency and average daily consumption of alcohol,
was collected at the time of liver biopsy. Blood
samples were drawn from an antecubital vein after
overnight fasting; the blood analysis, including platelet
(PLT) count and levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gammaglutamyl transpeptidase (GGT), total cholesterol (TC),
triglycerides (TG), high density lipoprotein (HDL) and
low density lipoprotein (LDL), were determined with
an automatic biochemical analyzer. The fibrosis-4
(FIB-4) index was calculated as follows: age (y) × AST
9
1/2[18]
(U/L)/[platelet count (10 /L) × ALT (U/L)]
. The
AST to PLT ratio index (APRI) was calculated as AST
9
[19]
(× upper limit of normal)/PLT (10 /L) × 100 . HBsAg
was detected by a commercially available enzyme
immunoassay (Abbot Laboratories, Chicago, IL, United
States). Additionally, the serum CK-18 M30 and M65
levels were measured using a human CK18-M30
enzyme linked immunosorbent assay (ELISA) Kit
(U-1197; Peviva, Nacka, Sweden) and a CK18-M65
ELISA Kit (U-2098; Peviva), respectively.

Statistical analysis

All continuous variables are presented as the mean ±
standard error of the mean. Statistical comparisons
among groups were performed by a one-way analysis
of variance followed by a Newman-Keuls post-test
2
for continuous variables and by a χ test for categorical variables. Correlations between serum miRNAs
and hepatic histological features were assessed
using Spearman’s correlation. A P value < 0.05 was
considered statistically significant. Receiver operating
characteristic (ROC) curves were plotted, and the
area under the ROC (AUROC) was calculated with a
95% confidence interval (CI) to identify the diagnostic
efficacy. Calculations were performed using SPSS
version 16.0 (Chicago, IL, United States), and graphs
were generated using GraphPad Prism Software version 6.0 (San Diego, CA, United States). The statistical
methods used in this study were reviewed by Dr.
Guang-Yu Chen from the Clinical Epidemiology Center
of Shanghai Jiao Tong University School of Medicine.

RESULTS

Histopathological analysis

Characteristics of the study subjects

The liver biopsy specimens were fixed in formalin,
embedded in paraffin and stained with hematoxylineosin (HE) and Masson. An experienced hepatopathologist, who was blinded to the clinical data,
analyzed the liver biopsies. The steatosis score (S;
0-3) assessed the quantities of large or mediumsized lipid droplets (S0: < 5%; S1: 5%-33%; S2:
34%-66%; S3: > 67%). The activity grade (A; 0-4)
was the unweighted addition of hepatocyte ballooning
(0-2) and lobular inflammation (0-2). The fibrosis
stage (F; 0-4) was assessed as follows: F0: none; F1:
1a or 1b perisinusoidal zone 3 or 1c portal fibrosis; F2:
perisinusoidal and periportal fibrosis without bridging;
F3: bridging fibrosis; and F4: cirrhosis. NASH was
diagnosed based on the steatosis, activity, fibrosis
(SAF) score of the fatty liver inhibition of progression
[20]
(FLIP) algorithm (S ≥ 1A ≥ 2Fany) .

The characteristics of the study subjects are summarized in Table 1 and Table 2. Based on the SAF score,
31 patients were diagnosed with NASH. Age and sex
were comparable among the groups. The NAFLD group
displayed a significantly higher BMI compared with
that of the control and CHB groups, and the NASH
group had higher ALT and AST levels than those of the
control and NAFL groups (P < 0.05). CK-18 (M30) and
CK-18 (M65) levels were higher in the NASH group
than in the NAFL group (P < 0.001), but there was
no significant difference between the NAFLD and CHB
groups (Figure 1).

Serum miRNA profiles in different groups

All eight miRNAs, except for miR-125 and -27b, were
up-regulated in the NAFLD group compared with that
of the controls (P < 0.05), with miR-34a being even
higher and miR-122, -16 and -192 being lower in the
NAFLD group compared with that of the CHB group
(P < 0.01; Figure 2A). Among them, miR-122, -192
and -34a displayed the highest fold-change in NAFLD
compared with the controls, which were 7.9, 4.0 and

miRNA quantitation

Total miRNA was isolated from the serum using a
miRNeasy Mini Kit (No. 217004; Qiagen, Hilden,
Germany) according to the manufacturer’s protocol.
Complementary DNA was synthesized using a TaqMan
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Table 1 General and biochemical parameters of chronic
hepatitis B and Non-alcoholic fatty liver disease patients

Table 2 General and biochemical parameters of non-alcoholic
fatty liver and non-alcoholic steatohepatitis patients

Parameters

Parameters

Group

General parameters
Age (yr)
Male n (%)
BMI (kg/m2)
Biochemical parameters
ALT (U/L)
GGT (U/L)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)

Control
(n = 37)

CHB
(n = 26)

NAFLD
(n = 48)

43.8 ± 1.3
18 (48.6)
21.4 ± 0.3

40.1 ± 2.7
16 (61.5)
23.0 ± 0.61

38.1 ± 1.8
35 (72.9)
26.9 ± 0.51,2

19.1 ± 2.4
19.1 ± 1.9
4.5 ± 0.1
0.8 ± 0.1
1.4 ± 0.0
2.4 ± 0.1

138.2 ± 30.81
83.8 ± 16.7
4.5 ± 0.2
1.7 ± 0.21
1.1 ± 0.11
2.5 ± 0.1

68.7 ± 7.41,2
110.5 ± 35.9
4.9 ± 0.1
2.1 ± 0.21
1.2 ± 0.01
2.9 ± 0.11,2

General parameters
Age (yr)
Male n (%)
BMI (kg/m2)
Biochemical parameters
ALT (U/L)
AST (U/L)
GGT (U/L)
PLT (× 109/L)
TC (mmol/L)
TG (mmol/L)
HDL (mmol/L)
LDL (mmol/L)

Data are expressed as mean ± SEM. 1P < 0.05 vs the control group; 2P < 0.05
vs the chronic hepatitis B (CHB) group. NAFLD: Non-alcoholic fatty liver
disease; BMI: Body mass index; ALT: Alanine aminotransferase; GGT:
γ-glutamyl transpeptidase; TC: Total cholesterol; TG: Triglycerides; HDL:
High density lipoprotein; LDL: Low density lipoprotein.

CK-18 (ng/L)

A

1500

1000

500

0

B

CK-18 (ng/L)

a,c

Control
NAFL
NASH

1000
a

a,c
500

0

a

M30

38.1 ± 2.3
22 (71.0)
27.2 ± 0.61

19.1 ± 2.4
18.8 ± 1.4
19.1 ± 1.9
200.4 ± 11.3
4.5 ± 0.1
0.8 ± 0.1
1.4 ± 0.0
2.4 ± 0.1

47.8 ± 6.21
30.2 ± 3.8
78.2 ± 36.8
237.0 ± 14.8
4.7 ± 0.2
1.9 ± 0.31
1.2 ± 0.11
2.9 ± 0.21

80.2 ± 10.41,2
51.5 ± 6.01,2
128.2 ± 51.9
207.3 ± 9.1
5.0 ± 0.1
2.2 ± 0.31
1.2 ± 0.11
2.9 ± 0.11

Predictive value of miRNAs in NASH and significant
fibrosis

M65

We estimated the value of the eight miRNAs in the
diagnosis of NASH and significant fibrosis in patients
with NAFLD using a logistic regression model. Upon
adjustment for BMI, miR-34a was shown to be a
significant predictor of NASH (P < 0.01) and miR-16
was found to be a significant predictor of significant
fibrosis (≥ F2; P < 0.05). However, none of the eight
miRNAs could predict advanced fibrosis (≥ F3) or
cirrhosis. The diagnostic performance of miR-34a for
NASH and miR-16 for significant fibrosis was evaluated using ROC analysis. Interestingly, the AUROC of
miR-34a for NAFLD was very high (0.811, 95%CI:
0.670-0.953; Figure 4A). Although serum ALT, M30
and M65 had a specificity of 0.937 for the diagnosis of
NASH, their sensitivities, which were 0.481, 0.407 and
0.519, respectively, were relatively poor. Fortunately,

Figure 1 Serum cytokeratin-18 (M30) and cytokeratin-18 (M65) levels in
chronic hepatitis B (A) and non-alcoholic fatty liver disease patients, as
well as non-alcoholic fatty liver and non-alcoholic steatohepatitis (B)
patients. CK-18 (M30) and CK-18 (M65) showed a higher level in non-alcoholic
steatohepatitis (NASH) patients than non-alcoholic fatty liver (NAFL) patients (P
< 0.001), but they showed no significant difference between the non-alcoholic
fatty liver disease (NAFLD) patients and chronic hepatitis B (CHB) patients. aP
< 0.05 vs the control group; A: cP < 0.05 vs the CHB group; B: cP < 0.05 vs the
NAFL group. CK-18: Cytokeratin-18.

2.8, respectively. When we divided NAFLD patients into
NAFL and NASH subgroups, the results showed that
miR-122, -192 and -34a had significant differences not
only between the NAFL and the control groups but also
between the NASH and the NAFL groups (P < 0.001;
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37.1 ± 3.1
13 (76.4)
26.3 ± 0.91

A correlation analysis was performed between serum
miRNAs and hepatic histological features in NAFLD
patients (Table 3). miR-122, -192 and -34a were
correlated with hepatic steatosis (R = 0.302, 0.323
and 0.470, respectively, P < 0.05) and inflammatory
activity (R = 0.445, 0.447 and 0.517, respectively,
P < 0.01). Notably, miR-34a showed the strongest
correlation with lobular inflammation (R = 0.552, P <
0.01), and miR-122 showed the strongest association
with hepatocellular ballooning (R = 0.477, P < 0.01).
However, only miR-16 was associated with hepatic
fibrosis (R = 0.350, P < 0.05; Figure 3).

M65

1500

43.8 ± 1.3
18 (48.6)
21.4 ± 0.3

Correlations between miRNAs and hepatic histological
features

a

M30

NASH
(n = 31)

Figure 2B).

a

a

NAFL
(n = 17)

Data are expressed as mean ± SEM. 1P < 0.05 vs the control group; 2P <
0.05 vs the non-alcoholic fatty liver (NAFL) group. NASH: Non-alcoholic
steatohepatitis; BMI: Body mass index; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; GGT: γ-glutamyl transpeptidase; PLT:
Platelets; TC: Total cholesterol; TG: Triglycerides; HDL: High density
lipoprotein; LDL: Low density lipoprotein.

Control
CHB
NAFLD

a

Group
Control
(n = 37)

9847

November 28, 2016|Volume 22|Issue 44|

Liu XL et al . miR-34a used in NASH

A

B

4

6

Control
CHB
NAFLD
a

LN (relative miRNA expression)

LN (relative miRNA expression)

6

a
a

a,c
a

2
a

a

a,c

a

a,c

a

a

a

a,c
a

c

Control
NAFL
NASH

4
a,c
2

a,c

a

a,c
a

a

a

a

0

0

34

iR
m

27

iR
m

a

b

2

6b

2b

2

a

21

iR
m

19

iR
m

16

14

iR
m

12

iR
m

12

iR
m

iR
m

34

b

2

6b

2b

2

21

27

iR
m

iR
m

19

iR
m

iR
m

16

iR
m

14

iR
m

12

iR
m

12

iR
m

Figure 2 Serum miRNA expression profile among control (A), chronic hepatitis B and non-alcoholic fatty liver disease patients, as well as control (B), nonalcoholic fatty liver and non-alcoholic steatohepatitis patients. All eight miRNAs, except miR-125 and -27b, were up-regulated in the non-alcoholic fatty liver
disease (NAFLD) group compared with the control group (P < 0.05), with miR-34a being even higher and miR-122, -16 and -192 being lower in the NAFLD group
compared with chronic hepatitis B (CHB) group (P < 0.01; Figure 2A). Among the miRNAs, miR-122, -192 and -34a showed significant differences not only between
the NAFLD and the control groups but also between the non-alcoholic steatohepatitis (NASH) and the non-alcoholic fatty liver (NAFL) groups (P < 0.001; Figure 2B).
a
P < 0.05 vs the control group; A: cP < 0.05 vs the CHB group; B: cP < 0.05 vs the NAFL group.

Table 3 Correlations between miRNAs and histological features
R
Steatosis
Activity
Lobular inflammation
Hepatocellular ballooning
Fibrosis

miR-122

miR-125b

miR-146b

miR-16

miR-192

miR-21

miR-27b

miR-34a

0.3021
0.4452
0.2851
0.4772
-0.021

0.143
0.052
-0.064
0.154
-0.078

0.230
0.218
0.137
0.225
0.125

0.068
0.267
0.159
0.2901
0.3501

0.3231
0.4472
0.3962
0.3501
0.145

0.199
0.3201
0.254
0.281
0.199

0.166
0.179
0.184
0.101
-0.028

0.4702
0.5172
0.5522
0.3171
0.134

Activity is the sum of the score of lobular inflammation and hepatocellular ballooning. 1P < 0.05, 2P < 0.01.

miR-34a significantly increased the sensitivity to 0.704,
with a comparable specificity. Compared with miR34a, FIB-4 had the same sensitivity (0.704) but lower
specificity (0.687) for the diagnosis of NASH, and APRI
showed the same specificity (0.875) but lower sensitivity (0.556). For the diagnosis of significant fibrosis,
miR-16 displayed a relatively lower AUROC (0.716,
95%CI: 0.551-0.882) than that of FIB-4 (0.835, 95%CI:
0.694-0.976) and APRI (0.853, 95%CI: 0.720-0.986;
Figure 4B).

Among these miRNAs, miR-122, -16, -192 and -34a
could differentiate NAFLD from healthy controls and
CHB patients, and miR-122, -192 and -34a could
distinguish NASH from NAFL. In addition, miR-34a
showed a superior ability to diagnose NASH compared
with that of ALT, CK-18 (M30) and CK-18 (M65).
Among the eight miRNAs selected from previous
articles, miR-122, -16, -192 and -34a showed differential expression in NAFLD and CHB, which are the
most common liver diseases in China. Interestingly,
only miR-34a was up-regulated in NAFLD compared
with CHB patients, indicating that miR-34a may be a
more sensitive indicator of NAFLD than CHB. Increased
miR-34a levels have been reported in the serum and
[15,16,21]
liver of NAFLD patients and animal models
, and
our results suggested that miR-34a could distinguish
NAFLD not only from healthy controls but also from
other liver diseases, such as CHB.
miR-122, a liver-enriched and liver-specific miRNA,
has received considerable attention as a biomarker of
NAFLD. It is released into circulation during hepatocyte
damage and has been shown to be key regulator of
[22]
lipid metabolism . However, increased miR-122 has
also been found in many liver conditions, including
hepatitis C virus (HCV) and HBV infections and alcohol-

DISCUSSION
The past decade has witnessed growing interest in
miRNAs for their noninvasive diagnostic value in a
variety of diseases, including NAFLD. Previous human
studies have examined the miRNA expression pattern
in NAFLD, and several miRNAs have been proposed
[12-17]
to be predictors of this disease
. However, there is
limited information about the disease specificity and
correlation with hepatic histological features of these
miRNAs. Therefore, our study explored the serum
levels of miR-122, -125b, -146b, -16, -21, -192,
-27b and -34a in biopsy-proven NAFLD patients, CHB
patients, and healthy controls from mainland China.
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Figure 3 Correlation between circulating miRNAs and hepatic steatosis (A), activity (B) and fibrosis (C) in non-alcoholic fatty liver disease patients.
Circulating miR-122, -192 and -34a were correlated with hepatic steatosis (P < 0.05) and inflammatory activity (P < 0.01). However, only miR-16 was associated with
hepatic fibrosis (P < 0.05). Activity is the sum of the score of lobular inflammation and hepatocellular ballooning.
[23-26]

and drug-induced liver injury
. The serum miR-122
levels in CHB patients were much higher than those in
NAFLD patients, limiting its value in the diagnosis of
NAFLD. Consequently, miR-122 may serve as a marker
of general liver damage due to its increased expression in a broad range of liver diseases. In contrast to
miR-122, miR-192 has been identified as an oncogene
in several cancers, such as colon cancer, breast cancer
[27]
and gastric cancer , and is negatively correlated with
[28]
the liver metastatic potential of colon cancer cells .
Although two independent studies reported increased
[12,14]
serum miR-192 levels in NAFLD
, little is known
about its function in other liver diseases. Similarly,
miR-192 had lower serum levels in NAFLD patients
than those of CHB patients, which casts doubt on its
diagnostic value in NAFLD.
An intriguing finding in this study is the putative
role of serum miR-34a as an extra-hepatic fingerprint
of NASH. In recent years, many noninvasive, diagnostic biomarkers have been extensively examined
for clinical applications for NASH. CK-18 has potential
value in differentiating NASH from NAFL, but consistent
[29]
with the results by Cusi et al , it exhibited limited
sensitivity in the diagnosis of NASH in our study. Fortunately, miR-34a significantly increased the sensitivity
to 0.704, with a specificity of 0.875. Furthermore, our

WJG|www.wjgnet.com

results showed that neither M30 nor M65 could differentiate etiology-related liver diseases. Compared with
CK-18, miR-34a not only had a higher AUROC in the
diagnosis of NASH but also had good disease specificity. To the best of our knowledge, we report here the
first identification of miRNA biomarkers in NASH with
regard to their disease specificity.
Our study found a good correlation between hepatic
steatosis and serum miR-122, -192 and -34a, especially for miR-34a. Meanwhile, serum miR-34a levels
showed the strongest correlation with the severity of
hepatic inflammatory activity, including lobular inflammation and hepatocellular ballooning. miR-34a can
down-regulate sirtuin 1 (SIRT1), leading to adenosine
monophosphate-activated protein kinase (AMPK)
dephosphorylation and ultimately cholesterol accumu[30]
lation . Other studies reported that miR-34a regulates
lipoprotein metabolism and promotes liver steatosis
and hypolipidemia in a peroxisome proliferator-activated
[31]
receptor (PPAR) α-dependent manner .
There is also a functional link between aberrantly
elevated miR-34a and impaired expression of the
cytochrome P450 family and the fibroblast growth
factor (FGF) family, which indicates the importance of
[32,33]
miR-34a in metabolic disorders
. In addition, the
down-regulation of SIRT1 by miR-34a also increased
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Figure 4 Receiver operating characteristic curve of miR-34a, alanine aminotransferase, cytokeratin-18, fibrosis-4 and aspartate aminotransferase to
platelet ratio index for on-alcoholic steatohepatitis (A) and miR-16, fibrosis-4 and aspartate aminotransferase to platelet ratio index for significant fibrosis
(B) diagnosis in non-alcoholic fatty liver disease. The AUROC of miR-34a and miR-16 for non-alcoholic steatohepatitis (NASH) and significant fibrosis were 0.811
and 0.716, respectively. Circulating miR-34a significantly increased the sensitivity to 0.704, with a comparable specificity. For the diagnosis of significant fibrosis,
miR-16 displayed a relatively lower AUROC than that of FIB-4 and APRI. ALT: Alanine aminotransferase; CK-18: Cytokeratin-18; FIB-4: Fibrosis-4; APRI: Aspartate
aminotransferase to platelet ratio index.

acetylation of p53, thereby activating apoptosis of
[34]
hepatocytes . CK-18 and miR-34a reflect a common pathophysiological status, a caspase-related
apoptosis pathway, which may explain the good
correlation between the serum levels of these markers
in our study. In contrast to the findings that miR-34a
promotes hepatic fibrosis through activation of hepatic
[15]
stellate cells (HSCs) , our study found no positive
relationship between serum miR-34a and hepatic
fibrosis in NAFLD patients.
Nevertheless, the circulating miR-16 levels were
positively correlated with hepatic fibrosis and showed
a good ability to diagnose significant fibrosis in NAFLD,
although its diagnostic value was slightly lower than
that of FIB-4 and APRI. The FIB-4 and APRI were
identified as good biomarkers for the presence and
[35]
severity of hepatic fibrosis in NAFLD patients . The
activation of HSCs is generally considered to be the
major mechanism responsible for liver fibrosis. Our
previous work showed that miR-16 is related to the
activation of cultured rat HSCs and likely participates in
HSC apoptosis by targeting Bcl-2 and the downstream
[36]
protease cascade .
Additionally, the up-regulation of miR-16 has been
shown to contribute to the development of liver fibrosis
[37,38]
and HCC in HCV and HBV infections, respectively
.
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miR-16 in visceral adipose tissue also showed an
[17]
increase in obese NASH patients , while the data
from liver tissues of NAFLD patients are limited. Therefore, it would be interesting to explore the behavior
of miR-16 in livers from NASH patients to confirm the
specific function of miR-16 in NAFLD in future studies.
Finally, several limitations of this study need to
be noted. The subjects enrolled in our study were
Han individuals from mainland China, and the results
should be validated in other ethnic groups and
races with larger samples. The above results did not
provide direct evidence for the involvement of these
differentially expressed miRNAs in the progression of
NAFLD, but they could serve as the basis for functional
research on this disease in the future.
In conclusion, our study demonstrated that the
serum levels of miR-122, -16, -192 and miR-34a
showed differential expression in NAFLD and CHB
patients. Circulating miR-34a had a moderate correlation with hepatic steatosis and inflammatory activity
and showed a superior ability to diagnose NASH compared to that of ALT and CK-18, which highlights its
potential value as a biomarker of disease severity. In
addition, circulating miR-16 exhibited a good correlation with hepatic fibrosis but had a slightly poorer performance than that of FIB-4 and APRI in distinguishing
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significant fibrosis in NAFLD.
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Background

Non-alcoholic fatty liver disease (NAFLD) has become a growing public health
concern worldwide. Currently, non-alcoholic steatohepatitis (NASH) is the most
common cause of chronic liver disease. Thus, there is an urgent need in the
development of noninvasive biomarkers for this disease. In Asia, especially
China, chronic hepatitis B (CHB) is still a leading cause of cirrhosis and
hepatocellular carcinoma (HCC). Given the high prevalence of CHB in China, it
cannot be excluded in the identification of biomarkers of NAFLD and NASH.

4
5

Research frontiers

Recently, circulating microRNAs (miRNAs) have emerged as attractive
candidate biomarkers for early detection and monitoring of disease progression
and response to treatment. The use of miRNAs as noninvasive biomarkers of
NAFLD is of particular interest.

6

Innovations and breakthroughs

Recent studies have identified miR-122, -125b, -146b, -16, -21, -192, -27b
and -34a as the most common regulators contributing to the development of
NAFLD. However, there is still a lack of reliable disease-specific biomarkers for
the diagnosis of NASH. Therefore, we assessed whether circulating miRNAs
can distinguish NAFLD from CHB and also diagnose NASH and significant
fibrosis in NAFLD.

7
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Applications

9

The current study identified that the serum levels of miR-122, -16, -192 and
miR-34a could differentiate NAFLD from CHB patients, and that miR-122,
-192 and miR-34a could differentiate NASH from NAFL. Circulating miR34a showed a superior ability to diagnose NASH compared to that of alanine
aminotransferase and cytokeratin-18, highlighting its potential value as a
biomarker of NASH in clinical practice. Meanwhile, the results above could
serve as the basis for functional research on this disease in the future. The
subjects enrolled in our study were Han individuals from mainland China, so the
results should be validated in other ethnic groups and races with larger samples
in the future.
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Terminology

MiRNAs are short noncoding RNAs composed of 18-25 nucleotides that
regulate gene expression at the post-transcriptional level. Each miRNA has
numerous target genes, and hundreds of miRNAs can regulate one target gene.
MiRNAs are important players in a wide spectrum of biological processes and
metabolic homeostasis, including protein secretion and fatty acid metabolism.
Meanwhile, circulating miRNAs are protected from RNase in circulation and are
extremely stable, so they have emerged as attractive candidate biomarkers for
early diagnosis of disease and to monitor disease progression.
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Peer-review

This paper by Liu et al is an interesting study on a new diagnostic biomarker
of NASH. This study examined the performance of a new diagnostic biomarker
panel for NASH. They found that serum level of miR-34a correlated with
histological features of NASH including steatosis, hepatocyte ballooning and
lobular inflammation. This study is well conducted and the methods used are
appropriate. The data is presented clearly. These findings will be of interest to
[clinical] practitioners as well as researchers in the field.
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Abstract

T, Gavine B, Edem A, Govender R, English N, Kaiyamo C,
Lutchman O, van der Eijk AA, Pas SD, Webb GW, Palmer J,
Goddard E, Wasserman S, Dalton HR, Spearman CW. Hepatitis
E virus: Western Cape, South Africa. World J Gastroenterol
2016; 22(44): 9853-9859 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i44/9853.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9853

AIM
To conduct a prospective assessment of anti-hepatitis
E virus (HEV) IgG seroprevalence in the Western Cape
Province of South Africa in conjunction with evaluating
risk factors for exposure.
METHODS
Consenting participants attending clinics and wards of
Groote Schuur, Red Cross Children’s Hospital and their
affiliated teaching hospitals in Cape Town, South Africa,
were sampled. Healthy adults attending blood donor
clinics were also recruited. Patients with known liver
disease were excluded and all major ethnic/race groups
were included to broadly represent local demographics.
Relevant demographic data was captured at the
time of sampling using an interviewer-administered
confidential questionnaire. Human immunodeficiency
virus (HIV) status was self-disclosed. HEV IgG testing
was performed using the Wantai® assay.

INTRODUCTION
Globally, hepatitis E virus (HEV) is the most frequent
[1]
aetiological cause of acute hepatitis . It causes sporadic and epidemic infections, predominantly in young
adults living in developing countries. In these regions,
it is associated with HEV genotypes 1 and 2, which are
obligate human pathogens and spread oro-faecally
through infected water. Most patients experience a
self-limiting hepatitis, except in pregnant women and
patients with chronic liver disease, where mortality
[2]
may reach 25% and 75% respectively .
In the developed world, hepatitis E is largely a
porcine zoonosis caused by genotypes 3 and 4 and
is a cause of self-limiting hepatitis in middle-aged
[2-4]
and elderly men . Chronic infection occurs in those
who are immunosuppressed, including transplant
[5]
recipients , patients with haematological malignancy
and individuals with human immunodeficiency virus
[6]
(HIV) . An important route of infection is through consumption of infected pig meat products in the human
[2]
food chain .
Hepatitis E, invariably genotypes 1 and 2, is seen
in a number of African countries. There have been
several outbreaks observed in sub-Saharan African
refugee camps, including recently South Sudan
[7,8]
and Uganda . In the 1980’s a large outbreak was
reported in Namibia where HEV genotype 2 is known
[9]
to circulate . In South Africa, very few data regarding HEV exists. Two seroprevalence studies from the
1990’s demonstrated low rates but these studies were
potentially limited as the screening tests employed are
[10]
now known to have had poor sensitivity . In addition,
very few cases of hepatitis E from South Africa have
been reported in the literature but recently, two cases
[11,12]
caused by HEV genotype 3 have been described
.
Given the paucity of data, we elected to prospectively investigate the seroprevalence of anti-HEV IgG
in a South African population in the Western Cape
using a sensitive assay as well as assessing risk factors
for anti-HEV IgG seropositivity. Unexpectedly, a case
of acute hepatitis E infection was documented and is
reported here.

RESULTS
HEV is endemic in the region with a seroprevalence of
27.9% (n = 324/1161) 95%CI: 25.3%-30.5% (21.9%
when age-adjusted) with no significant differences
between ethnic groups or HIV status. Seroprevalence in
children is low but rapidly increases in early adulthood.
With univariate analysis, age ≥ 30 years old, pork
and bacon/ham consumption suggested risk. In the
multivariate analysis, the highest risk factor for HEV
IgG seropositivity (OR = 7.679, 95%CI: 5.38-10.96,
p < 0.001) was being 30 years or older followed by
pork consumption (OR = 2.052, 95%CI: 1.39-3.03, p
< 0.001). A recent clinical case demonstrates that HEV
genotype 3 may be currently circulating in the Western
Cape.
CONCLUSION
Hepatitis E seroprevalence was considerably higher
than previously thought suggesting that hepatitis
E warrants consideration in any patient presenting
with an unexplained hepatitis in the Western Cape,
irrespective of travel history, age or ethnicity.
Key words: Hepatitis E; Seroprevalence; South Africa;
pork consumption; genotype
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a prospective seroprevalence study of
1161 participants assessing anti-hepatitis E virus (HEV)
IgG seroprevalence in the Western Cape Province of
South Africa. The only risk factors for seropositivity are
pork consumption and individuals over 30 years of age.
A recent clinical case suggests HEV genotype 3 may be
circulating in South Africa.

MATERIALS AND METHODS
HEV seroprevalence and risk factors

The study was designed to cover all age groups in
addition to reflecting the population of the Western
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Table 1 Data (%) for total population overall and age group seroprevalence and 95%CI in 3 racial groups in Western Cape, South
Africa
Age
group
(yr)

Total population (n = 1161) Black African population (n = 389) MA/Coloured population (n = 452) White population (n = 320)
IgG (n ) HEV Seroprevalence % IgG (n ) HEV Seroprevalence %
IgG (n )
HEV Seroprevalence % IgG (n ) HEV Seroprevalence %
(95%CI)
(95%CI)
(95%CI)
(95%CI)

0-4
5-9
10-14
15-19
20-29
30-39
40-49
50-59
60-69
70-79
80+
Total

6/72
6/78
7/72
8/95
17/179
42/142
67/153
62/126
67/152
34/68
8/24
324/1161

8.3 (3.9-17.0)
7.7 (3.6-15.8)
9.7 (4.8-18.7)
8.4 (4.3-15.7)
9.5 (6.0-14.7)
29.6 (22.7-37.5)
43.8 (36.2-51.7)
49.2 (40.6-57.8)
44.1 (36.4-52.0)
50.0 (38.4-61.6)
33.3 (18.0-53.3)
27.9 (25.3-30.5)

2/36
1/26
3/27
4/23
2/62
14/52
22/62
15/36
24/43
6/17
1/5
94/389

5.6 (1.5-18.1)
3.8 (0.7-18.9)
11.1 (3.9-28.1)
17.4 (7.0-37.1)
3.2 (0.9-11.0)
26.9 (16.8-40.3)
35.5 (24.7-47.9)
41.7 (27.1-57.8)
55.8 (41.1-69.6)
35.3 (17.3-58.7)
20.0 (3.6-62.4)
24.2 (20.2-28.7)

4/31
5/45
4/42
4/42
9/54
17/45
22/49
26/47
19/58
16/29
2/10
128/452

12.9 (5.1-28.9)
11.1 (4.8-23.5)
9.5 (3.8-22.1)
9.5 (3.8-22.1)
16.7 (9.0-28.7)
37.8 (25.1-52.4)
44.9 (31.9-58.7)
55.3 (41.2-68.6)
32.8 (22.1-45.6)
55.2 (37.5-71.6)
20.0 (5.7-51.0)
28.3 (24.4-32.6)

0/51
0/71
0/31
0/301
6/63
11/45
23/42
21/43
24/51
12/22
5/9
102/320

0 (0-43.4)
0 (0-35.4)
0 (0-56.2)
0 (0-11.4)
9.5 (4.4-19.3)
24.4 (14.2-38.7)
54.8 (39.9-68.8)
48.8 (34.6-63.2)
47.1 (34.1-60.5)
54.5 (34.7-73.1)
55.6 (26.7-81.1)
31.9 (27.0-37.2)

overall seroprevalence was 27.9% and age adjusted seroprevalence was 21.9%. 1numbers too small to calculate a meaningful confidence interval. HEV:

Hepatitis E virus.

Cape in terms of ethnic distribution. Participants were
asked to self-identify their ethnicity and were randomly
recruited and sampled from the three major ethnic
groups aged 0 to > 60 years old from both a hospital
and non-hospital setting. Participants were recruited
from the general medical and Emergency Unit inpatients and outpatients of Groote Schuur, Red Cross
Childrens, New Somerset and UCT Private Academic
Hospitals between 28/02/14-12/02/2015. Furthermore, healthy blood donors, prior to screening, from
two blood donation centres in Cape Town, South Africa
were included. Participants with known or reported
liver disease were excluded. Following informed consent, blood samples were drawn and each participant
completed a structured questionnaire for demographic
and known risk factors for hepatitis E acquisition, these
included, consumption of pork, sausage, bacon/ham,
fish and shellfish; type of dwelling (formal dwelling or
informal dwelling/shack in back yard, informal dwelling/shack not in back yard, other); access to piped
water (piped water inside dwelling, piped water inside
yard, piped water outside yard, no access to piped
water); proximity to coast (coastal, < 5 km, 5-10
km, > 10 km) and refuse disposal (removed by local
authority/private company, communal refuse dump,
own refuse dump, no rubbish disposal/other). Given
the massive upscaling of HIV testing in South Africa,
participants were asked to self-disclose their HIV status, if known. Blood samples were stored at -70 ℃ and
®
tested in batches for HEV anti-IgG using the Wantai
assay (Beijing, China) according to the manufacturer’s
instructions.

seroprevalence for anti-HEV IgG in the population as a
whole as well as between different ethnic groups. Continuous variables are described using counts and percentages and independent risk factors were explored
by uni-variate binary logistic regression. Factors, which
were found to be statistically significant on uni-variate
analysis, were then modelled with multi-variate binary
logistic regression using maximum-likelihood estimation with parameters (0, 1), analysed with IBM SPSS
V22.0. Statistical significance was accepted if p < 0.05.

Clinical case

A documented case of acute hepatitis E presenting to
New Somerset hospital is described; the clinical course
and laboratory findings are recorded.

Ethics

Ethics approval was granted by the Faculty of Health
Sciences Human Research Ethics Committee of the
University of Cape Town. Patients ≥ 18 years provided
consent whilst parents/guardians provided permission/consent for minors. Adolescents provided assent.

RESULTS
About 1161 participants were included in the study
with the 3 major ethnic groups in the Western Cape
viz. Black Africans (n = 392, 33.5%), Mixed Ancestry
(n = 455, 38.9%) and Whites (n = 322, 27.5%), proportionally sampled. The mean age of the population
sampled was 36.4 years (SD 22.3) and 53.3% were
male. Notably, Whites < 16 years and Black Africans >
60 years of age were relatively under-represented due
to low attendance at sampling locations (Table 1 and
Figure 1).
The overall anti-HEV IgG seroprevalence was
27.9% (n = 324/1161, 95%CI: 25.3-30.5) and the
age adjusted seroprevalence was 21.9%. Seroprevalence in children (< 19 years old) was approximately

Statistical analysis

Age-standardized seroprevalence was calculated using
the 2014 South Africa Mid-Year population estimates
[13]
as the reference population . Age-specific percentages were applied to the South African population,
and then summed to determine the age-standardized
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Table 2 Risk factor analysis
Potential risk factors (n = 131)
Race (n = 161)

Gender (n = 161)
Pork (n = 131)
Sausage (n = 131)
Bacon/Ham (n = 131)
Fish (n = 131)
Shellfish (n = 131)
Type of dwelling (n = 161)

Water access (n = 1161)

Proximity to coast (n = 1160)

Refuse disposal (n = 1160)

HIV status (n = 891)
Age group (n = 1156)

Univariate analyses
Groups

n (IgG%)

P value

OR (95%CI)

Black African (n = 389)
MA/Coloured (n = 452)
White (n = 320)
Male (n = 541)
Female (n = 620)
Yes (n = 690)
No (n = 441)
Yes (n = 853)
No (n = 278)
Yes (n = 707)
No (n = 424)
Yes (n = 1055)
No (n = 76)
Yes (n = 548)
No (n = 583)
Formal Dwelling (n = 1050)
Shack in Yard (n = 88)
Shack not in Yard (n = 19)
Other (n = 4)
Piped dwelling (n = 1041)
Piped yard (n = 68)
Community tap (n = 44)
No water access (n = 8)
Coastal (n = 114)
Under 5 km (n = 209)
5-10 km (n = 313)
Over 10 km (n = 524)
Local authority (n = 1124)
Communal dump (n = 20)
Own dump (n = 8)
No rubbish disposal (n = 8)
Positive (n = 60)
Negative (n = 831)
< 30 yr (n = 496)
≥ 30 yr (n = 660)

94 (24.2%)
128 (28.3%)
102 (31.9%)
161 (29.8%)
163 (26.3%)
228 (33.0%)
90 (20.4%)
248 (29.1%)
70 (25.2%)
220 (31.1%)
98 (23.1%)
299 (28.3%)
19 (25.0%)
163 (29.7%)
155 (26.6%)
296 (28.2%)
21 (24.0%)
5 (26.3%)
2 (50.0%)
292 (28.0%)
17 (25.0%)
11 (25.0%)
4 (50.0%)
32 (28.0%)
62 (29.7%)
85 (27.2%)
145 (27.7%)
315 (28.0%)
5 (25.0%)
3 (37.5%)
1 (12.5%)
14 (23.3%)
242 (29.1%)
44 (8.9%)
280 (42.4%)

0.073

1.24 (0.91-1.69)
1.47 (1.06-2.04)
0.842 (0.65-1.09)
1.93 (1.45-2.55)
1.22 (0.90-1.66)
1.50 (1.14-1.98)
1.19 (0.69-2.03)

Yes (n = 686)

228 (33.2%)
276 (42.3%)

Multivariate analysis (n = 1126)
Pork
Age group

≥ 30 yr (n = 660)

60.0
Anti-HEV IgG seroprevalence (%)

Black african
Ma/coloured
White
Seroprevalence

40.0

Age adjusted
seroprevalence

30.0

27.9
21.9

20.0
10.0
0.0
0-4 5-9 10-14 15-19 20-39 40-59 60+
Age group, years (No. of participants)

Figure 1 Overall seroprevalence curve and individual seroprevalence
curves in 3 racial groups in Western Cape, South Africa. Anti-HEV IgG
seroprevalence by age in Western Cape, South Africa.

10% with a rapid increase in seroprevalence in individuals older than 20 years of age (Figure 1). Various
demographic and environmental factors were explored

WJG|www.wjgnet.com

< 0.001
0.210
0.004
0.532
0.238
0.642

0.516

0.935

0.725

0.340
< 0.001

< 0.001
< 0.001

1.17 (0.90-1.52)
0.80 (0.48-1.40)
0.91 (0.33-2.55)
2.55 (0.36-18.17)
0.855 (0.49-1.51)
0.855 (0.43-1.71)
2.565 (0.64-10.32)
1.081 (0.65-1.79)
0.955 (0.59-1.54)
0.980 (0.62-1.54)
0.856 (0.31-2.40)
1.541 (0.37-6.50)
0.367 (0.05-3.00)
1.35 (0.73-2.50)
7.569 (5.36-10.70)
7.679 (5.38-10.96)
2.021 (1.50-2.73)

with univariate analysis, age, ethnicity, gender, HIV
status, consumption of pork, sausages, bacon/ham,
fish, shellfish, type of dwelling, access to water,
proximity to the coast and method of refuse disposal
(Table 2). Age group ≥ 30 years (p < 0.001), pork
consumption (p < 0.001) and bacon/ham consumption
(p = 0.004) were strongly associated with a positive
HEV IgG. However as the pork and bacon/ham are not
independent from one another, only pork consumption
was used in the multivariate analysis along with age
group (< 30 years, ≥ 30 years).
The model was statistically significant (p < 0.001)
and therefore was able to determine the risk factors of
people presenting with HEV IgG positive compared to
those that were not and explained between 15%-22%
of the variance . With pork in their diet, an individual
had an increased risk (OR = 2.02, 95%CI: 1.5-2.73)
of being HEV IgG positive compared to those who did
not have pork in their diet. Individuals 30 years old
or over had an increased risk (OR = 7.679, 95%CI:
5.38-10.96, p < 0.001) of being HEV IgG positive
compared to those under 30 years old. No other

Total sample

50.0

0.189
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Figure 2 A maximum likelihood tree constructed in MEGA6 from an alignment of a 301nt fragment of ORF2. Bootstrap support above 60% is shown. Our
patient’s viral sequence, GenBank accession KT833800, is highlighted in red. The tree is rooted on the HEV reference sequence (genotype 1). Sequences for
comparison have names starting with genotype, followed by Genbank accession number, followed by country ISO 3166-1 abbreviation (CA: Canada; ES: Spain; GB:
United Kingdom; JP: Japan; NL: The Netherlands; TW: Taiwan; US: United States of America; ZA: South Africa), and ending in source (D: deer; H: human; P: pig).
The patient’s viral sequence clusters within genotype 3 (with subgenotype 3e), in keeping with other viruses recently described in South Africa[11,12,24].

risk factors were associated with HEV seropositivity
(Table 2) and therefore excluded from the multivariate
analysis.

prothrombin time-International normalized ratio (PTINR) 2.74. Serology for hepatitis A, B, C and HIV were
negative. Despite maximal supportive care he demised
on day 3 following admission as a result of fulminant
hepatic failure. On the day of his death, hepatitis E
IgM test returned positive and subsequently HEV RNA
genotype 3e was confirmed by polymerase chain reaction (PCR) (see Figure 2).

Clinical case of hepatitis E

In January 2014, a 54-year-old white male presented
to New Somerset Hospital, Cape Town, with acute liver
failure secondary to a severe hepatitis. Initial clinical
examination revealed marked icterus, mild abdominal
ascites and smooth non-tender hepatomegaly, as well
as signs of chronic liver disease including palmar erythema and spider telangiectasia on the chest wall. The
patient worked as a truck driver but had no history of
recent travel (in the last 3 mo prior to presentation)
outside of the Western Cape. He was not known to
have any medical co-morbidities but reportedly consumed significant alcohol. At presentation, blood tests
demonstrated (normal range in parentheses): Bilirubin
407 μmol/L (0-18 μmol/L), albumin 28 g/L (35-52 g/L),
alanine aminotransferase (ALT) 3054 IU/L (0-40 IU/L),

WJG|www.wjgnet.com

DISCUSSION
The seroprevalence in Western Cape is much higher
than has been previously described in South African
[10,14]
populations
. We found that the overall seroprevalence was 27.9% (21.9% when age-adjusted) and
was similar between genders, ethnic groups and HIV
status. The age-related seroprevalence curve shows
that HEV IgG seropositivity increases with age, but
in a non-linear fashion. Seroprevalence is very low in
children and young adults, rapidly increasing between
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the ages of 20 and 30 years and then plateaus off.
Multivariate risk factor analysis demonstarted that the
only other significant association with anti-HEV IgG
seropositivity was the consumption of pork.
Two previous studies from South Africa in the
1990’s described seroprevalence rates of 10.7% and
1.8%-2.6%, respectively. The overall seroprevalence
in the current study was an order of magnitude higher.
The reason for this difference could relate to geographical location, as both the above previous studies were
performed in different areas of South Africa and it is
known that HEV seroprevalence can vary enormously
[15]
between regional areas within countries . Another
possible explanation is that there has been an increase
in the exposure rates of hepatitis E in South Africa
over the last 20 years, which may include changes
in migration, diet and enzootic disease. However, the
likely dominant explanation relates to the sensitivity of
the IgG assays employed in the previous studies. The
first generation of anti-HEV IgG assays used in studies
in the 1990’s lacked sensitivity and generally reported
[16]
spuriously low seroprevalence rates . In contrast, the
assay employed in our study has a sensitivity of 98%
at detecting previous infection and produces much
[17,18]
higher estimates of seroprevalence
. However,
in common with all currently available anti-HEV IgG
®
assays, the specificity of the Wantai assay for detecting previous infection has not been fully established
although indirect evidence suggests that it has an
acceptable specificity. This includes very low seroprevalence rates in young children (in the current study
[19]
and others from Nepal, Bangladesh and France) and
[20]
[21]
adult populations (Fiji 2% , New Zealand 4%
and
[22] [19-21]
Scotland 4.6% )
. Hence, the high seroprevalence rate reported in our study is probably due to the
high sensitivity of the assay used.
The shape of the anti-HEV seroprevalence curve
in Western Cape (low rates in childhood, with a rapid
increase in early adulthood) is similar to that seen in
hyperendemic developing countries such as Nepal and
[18]
Bangladesh, where HEV genotype 1 predominates .
However, the risk factor analysis showed that only pork
consumption was significantly associated with HEV
seropositivity which is typical of European populations
with high incidences of locally-acquired porcine HEV
[3,15,23]
genotype 3
. This finding contrasts with previous data from a different area of South Africa, which
showed that rural mud hut dwellers with no access
[13]
to clean water had higher seropositivity . Moreover,
there have been no outbreaks of hepatitis E reported
in South Africa which would also argue against
genotype 1 possibly being the dominant circulating
genotype. Our clinical case, in addition to others, suggests that HEV genotype 3 may be currently circulating
in Western Cape. The other cases include two of HEV
genotype 3 infection in immunosuppressed patients
[11,12]
documented in Cape Town
.
The strengths of the current study are that a highly

WJG|www.wjgnet.com

sensitive, partially validated assay was employed to
estimate seroprevalence and that the study population
comprised of large numbers of individuals, including
adults and children, from all racial groups. The main
limitation of the study is that the population was a
heterogeneous “convenience population” comprising
hospital in-patients, outpatients and healthy blood
donors and may not be representative of the population of Western Cape as a whole. The population
studied may have over or under-represented certain
population subgroups. This includes white children and
elderly black South Africans, very few of whom were
included in the study.
In conclusion, HEV is endemic in the Western Cape,
South Africa with seroprevalence of 27.9%. Seroprevalence in children is very low with a rapid increase in
early adulthood. The only risk factors for seropositivity
are pork consumption and individuals over 30 years
of age. Recent cases suggest HEV genotype 3 may
be currently circulating in South Africa. The diagnosis
of hepatitis E should be considered in any patient
presenting with hepatitis in Western Cape, irrespective
of travel history, age or ethnicity.
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Globally, hepatitis E virus (HEV) is the most frequent aetiological cause of
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understanding of HEV epidemiology in South Africa.
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Abstract
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Bleeding resulting from spontaneous rupture of the
liver is an infrequent but potentially life threatening
complication that may be associated with an underlying
liver disease. A hepatocellular carcinoma or hepatic
adenoma is frequently reported is such cases. However,
hemoperitoneum resulting from a hepatic metastatic
thymoma is extremely rare. Here, we present a case
of a 62-year-old man with hypovolemic shock induced
by ruptured hepatic metastasis from a thymoma.
At the first hospital admission, the patient had a
45-mm anterior mediastinal mass that was eventually
diagnosed as a type A thymoma. The mass was excised,
and the patient was disease-free for 6 years. He
experienced sudden-onset right upper quadrant pain
and was again admitted to our hospital. We noted
large hemoperitoneum with a 10-cm encapsulated
mass in S5/8 and a 2.3-cm nodular lesion in the right
upper quadrant of the abdomen. He was diagnosed
with hepatic metastasis from the thymoma, and he
underwent chemotherapy and surgical excision.
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vomiting, or diarrhea. On examination, his blood
pressure was 77/50 mmHg and pulse rate was 70
beats/min. Blood analysis revealed a white blood cell
3
count of 15370/mm (reference range, 4000-10800/
3
mm ), hemoglobin level of 10.5 g/dL (reference
3
range, 13-17.4 g/dL), platelet count of 154000/mm
3
(reference range, 150000-400000/mm ), C-reactive
protein level of 6 mg/L (reference range, 0-8 mg/L),
aspartate aminotransferase level of 19 IU/L (reference
range, 13-34 IU/L), alanine aminotransferase level
of 17 IU/L (reference range, 5-46 IU/L), and alkaline
phosphatase level of 40 IU/L (reference range, 47-143
IU/L). Abdominal computed tomography revealed
large hemoperitoneum with a 10-cm encapsulated
mass in S5/8 and a 2.3-cm nodular lesion in the right
upper quadrant of the abdomen (Figure 3). The tumor
marker (α-fetoprotein and prothrombin induced by
vitamin K absence-II) levels were within the reference
limits (2.3 ng/mL and 10 mAU/mL, respectively).
Based on these findings, he underwent emergency
angiography, and an interventional radiologist
embolized the vessel supplying the tumor (Figure 4).
Five days after embolization, when the patient was
stable, abdominal wall biopsy was performed under
general anesthesia. Histopathological analysis indicated
a metastatic type A thymoma (Figure 5). He was
transferred to the oncology department and underwent
2
chemotherapy with cyclophosphamide (500 mg/m
2
day 1), doxorubicin (50 mg/m day 1), and cisplatin
2
(50 mg/m day 1). After 4 cycles of chemotherapy,
segmentectomy of the hepatic metastasis was
performed and liver biopsy showed histopathology
similar to a thymoma.

Core tip: Spontaneous rupture of hepatic metastasis
from a thymoma is extremely rare. This case report
presents a rare case of spontaneous rupture of
hepatic metastasis from a thymoma and describes
its management. To our knowledge, no such case of
rupture of a metastatic liver tumor associated with a
thymoma has been reported previously.
Kim HJ, Park YE, Ki MS, Lee SJ, Beom SH, Han DH, Park
YN, Park JY. Spontaneous rupture of hepatic metastasis
from a thymoma: A case report. World J Gastroenterol 2016;
22(44): 9860-9864 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i44/9860.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i44.9860

INTRODUCTION
The most common cause of a tumor in the anterior
mediastinum is a thymic tumor. They have the ability
to invade local structures and the capacity to meta
stasize to distant organs. The sites of metastasis
include the lymph nodes, lungs, bones, liver, spleen,
brain, and adrenal glands. However, hepatic metastasis
is uncommon, and it is extremely rare for a metastatic
liver tumor to rupture and cause hemoperitoneum.
Recently, we experienced a patient who underwent
transarterial chemoembolization for spontaneous
rupture of hepatic metastasis from a thymoma. Here,
we present this extremely rare case. To our know
ledge, no such case of rupture of a metastatic liver
tumor associated with a thymoma has been reported
previously.

DISCUSSION
Spontaneous rupture of hepatic tumors usually
occurs without warning in patients with hepatocellular
carcinoma (HCC), and it is regarded as one of the
[1]
most serious conditions associated with HCC .
However, hemoperitoneum induced by rupture of
a metastatic liver tumor is extremely. Ruptured
metastatic liver tumors originating from various
cancers, such as cancers of the lung, breast, testicle,
gallbladder, stomach, kidney, skin, and nasopharynx;
choriocarcinoma; and hepatic lymphoma, have been
[2]
reported ; however, to our knowledge, this is the first
report to describe a ruptured metastatic liver tumor
that originated from a thymoma.
Thymic tumors are derived from thymic epithelial
cells, and are located mainly in the anterior media
stinum. About 90% of thymic tumors are located
in the anterior mediastinum and some are found
in other mediastinal areas. However, the incidence
of thymoma is very low, and has been shown to
be 0.15 cases per 100000 population. The disease
progression is very slow, the condition remains silent
for many years, and the tumor is generally incidentally

CASE REPORT
A 62-year-old man underwent an annual health
checkup. A chest radiogram obtained during the
checkup showed widening of the mediastinum. Chest
computed tomography showed a 45-mm anterior
mediastinal mass (Figure 1), and he underwent
excision of the mass. A biopsy specimen from the mass
demonstrated that the tumor was a type A thymoma
according to the World Health Organization classification
system, with fat tissue invasion. The tumor included
bland spindle cells and few lymphocytes (Figure 2).
According to the Masaoka classification system, the
tumor stage was IIA, and he received radiotherapy (total
50 Gy in 25 fractions).
He was disease-free for 6 years; however, he expe
rienced sudden-onset right upper quadrant pain and
was referred to our hospital. He did not have a history
of abdominal trauma and did not experience fever,
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Figure 1 Computed tomography images. A mass (maximum diameter, 45 mm; white arrow) is seen anterior to the ascending thoracic aorta. Histological analysis
later identified the mass as a thymoma.

A

B

Figure 2 Histological analysis of the mediastinal thymoma. A: A stained section of the mediastinal thymoma (hematoxylin-eosin staining, magnification × 40); B:
The type A component is composed primarily of fibroblast-like spindle cells (hematoxylin-eosin staining, magnification × 100).

[3]

identified . A multidisciplinary approach is essential in
the management of a thymoma. If complete resection
of the primary cancer appears possible, surgery is
an important treatment approach for thymic tumors.
Adjuvant radiotherapy has been widely used to improve
survival or reduce the tumor in cases of late-stage
cancer, especially when the tumor penetrates adjacent
tissues or when the tumor is incompletely resected.
Systemic chemotherapy is currently considered as
the standard treatment approach for metastatic or
[4]
inoperable tumors .
A thymoma is capable of both local invasion and
intrathoracic recurrence, and local recurrence is
common. The sites of metastasis include the brain,
spleen, adrenal glands, bones, lymph nodes, liver,
and lungs. The lung is considered the most frequent
location of distant metastasis, while the liver has a
relatively lower incidence of metastasis, and hepatic
metastasis represents 12.5%-33.5% of all metastatic
[3]
cases . Hemoperitoneum originating from a metastatic
thymoma is extremely rare.
Treatment of hemoperitoneum secondary to hepatic
metastasis depends on tumor location, tumor size,

WJG|www.wjgnet.com

and bleeding severity. The primary goal should be
[5]
complete hemostasis . There are different treatment
options for patients presenting with hepatic rupture.
These treatment options vary from conservative
management to more invasive procedures, such as
hepatectomy and transarterial embolization (TAE). A
previous study compared different treatment options
for hepatic rupture and concluded that the survival rate
[6]
is better with hepatectomy than with TAE . Although
hepatic resection may be a definitive treatment for
bleeding, most patients have impaired liver function
and an unstable hemodynamic status, and therefore,
cannot tolerate surgery. In such cases, TAE and con
servative management have been used to control
[7]
bleeding after hepatic rupture . With regard to HCC
rupture, the risk of mortality is higher with conservative
management than with TAE. Thus, in emergencies,
TAE is frequently performed as initial therapy. Hemo
peritoneum secondary to hepatic metastasis from a
choriocarcinoma and a gastrointestinal stromal tumor
[2,8]
has been successfully treated with TAE . However,
care should be taken, as artery embolization is asso
ciated with complications, such as re-bleeding and
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A

B

C

D

Figure 3 Enhanced computed tomography images. A: Large hemoperitoneum is seen around the liver; B: A 10-cm encapsulated mass is seen in S5 and S8 of the
liver, and hemoperitoneum is seen around the spleen; C: A 2.3-cm nodular lesion is seen in the right upper quadrant of the abdomen adjacent to the left transverse
abdominal muscle (white arrow); D: Coronal view of the large hemoperitoneum with a liver mass.

A

B

C

Figure 4 Angiography images. A: Digital subtraction angiography shows a large ruptured hypervascular tumor with staining at the right hepatic lobe during
transarterial embolization; B: Active contrast leakage (white arrow) is seen; C: Selection of the right hepatic artery with a mixture of adriamycin (50 mg) and lipiodol (20
mL). The tumor staining disappears after transarterial embolization.

peritoneal seeding. Massive peritoneal washing with
saline solution has been shown to reduce the chance
[9]
of peritoneal implantation . Additionally, to reduce
the chance of recurrent bleeding, TAE can be used as
a bridge to hepatectomy. A previous report showed
the favorable outcomes of delayed hepatectomy after
emergency transcatheter arterial embolization for
[10]
hepatic rupture . Additionally, in a previous study,

WJG|www.wjgnet.com

patients treated with staged hepatectomy had the
[1]
highest survival rate . In our case, we managed the
ruptured hepatic tumor with arterial embolization
owing to hypovolemic shock. Complete hemostasis was
achieved, and delayed hepatectomy was performed for
the hepatic metastasis.
In conclusion, we presented a rare case of spon
taneous rupture of hepatic metastasis from a thymoma
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Experiences and lessons

TAE is an excellent treatment option for hemoperitoneum secondary to hepatic
metastasis from a thymoma.

Peer-review

No such case of rupture of a metastatic liver tumor associated with a thymoma
has been reported previously.
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Abstract
This is the first report of living donor liver trans
plantation (LDLT) for congenital hepatic fibrosis (CHF)
using a mother’s graft with von Meyenburg complex. A
6-year-old girl with CHF, who suffered from recurrent
gastrointestinal bleeding, was referred to our hospital
for liver transplantation. Her 38-year-old mother was
investigated as a living donor and multiple biliary
hamartoma were seen on her computed tomography
and magnetic resonance imaging scan. The mother’s
liver function tests were normal and she did not have
any organ abnormality, including polycystic kidney
disease. LDLT using the left lateral segment (LLS) graft
from the donor was performed. The donor LLS graft
weighed 250 g; the graft recipient weight ratio was
1.19%. The operation and post-operative course of
the donor were uneventful and she was discharged on
post-operative day (POD) 8. The graft liver function
was good, and the recipient was discharged on POD
31. LDLT using a graft with von Meyenburg complex
is safe and useful. Long-term follow-up is needed with
respect to graft liver function and screening malignant
tumors.
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operative imaging findings and liver function of the
donor and the recipient.
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CASE REPORT
A 6-year-old female patient with CHF was referred
to our hospital for LT. She developed sudden hema
temesis due to esophagogastric varices and had been
diagnosed with CHF based on histological findings from
a liver biopsy that was done when she was 4 years old.
She had been suffering from recurrent gastrointestinal
bleeding for 2 years and was considered competent for
LT (Figure 1A, Table 1).
The only living donor candidate was the patient’s
38-year-old mother. The mother had undergone clinical
examinations required for evaluation as a potential
donor. Her magnetic resonance imaging (MRI) scan
showed multiple 3-5 mm nodules with high intensity
in T2 weighted imaging (Figure 2A). The nodules
were dominant in the right lobe of her liver, although
they were seen in the left lobe to some extent. Her
computed tomography (CT) scan also revealed multiple
low-density areas that were 3-5 mm in diameter, and
had higher density in CT scan than the water level
(Figure 2B). Therefore, rather than multiple liver
cyst, multiple biliary hamartoma, also known as von
Meyenburg complex was suspected. Her standard
liver function tests were normal (T-Bil; 0.33 mg/dL,
AST; 12 U/L, ALT; 11 U/L), and she did not have cystic
disease of any other organ, especially polycystic kidney
disease. Although her daughter developed repetitive
severe gastrointestinal bleeding, no other living donor
was available, and therefore the mother was selected
as the living donor.
During LDLT, hepatectomy of the donor’s left-lateral
segment (LLS) was performed. Multiple cystic lesions
were observed in the mother’s liver during surgery,
more so in the right lobe of the liver. The LLS graft
from the donor weighed 250 g, and it was estimated
to be 22.7% of the donor’s total liver volume of the
donor. The operation time and amount bleeding were 4
h 24 min and 430 mL, respectively. The operation and
post-operative course of the donor were uneventful
and she was discharged on post-operative day (POD) 8.
During the recipient’s surgery, the graft liver was
transplanted after total hepatectomy. Her native
liver showed fibrotic changes in the portal area, with
proliferation of the pseudocholangiolar ducts, and it
was consistent with CHF (Figure 1B-D). The graftrecipient weight ratio and graft volume/standard liver
volume were 1.19% and 43.2%, respectively. The
vascular reconstructions were anastomosed from the
donor’s left hepatic vein to the recipient’s middle and
left hepatic vein, the donor’s left portal vein to the
recipient’s main portal vein, and the donor’s left hepatic
artery to the recipient’s right hepatic artery. After
reperfusion of the graft liver, we observed multiple
small lesions suspected to be biliary hamartoma (Figure
3A). Time zero biopsy of the graft liver revealed the

Core tip: Multiple biliary hamartoma is a rare, benign
lesion known as von Meyenburg complex. This is the
first report of living donor liver transplantation (LDLT)
using a liver graft with von Meyenburg complex. A
6-year-old girl with congenital hepatic fibrosis, who
suffered from recurrent gastrointestinal bleeding,
was transplanted her mother’s liver graft with von
Meyenburg complex. Successful LDLT was performed,
and the liver and renal function after LDLT were good
also in recipient and donor. LDLT using a graft with
von Meyenburg complex is safe and useful for a further
expansion of living donor pool. Long-term follow-up is
needed with respect to graft liver function and screening
malignant tumors.
Yamada N, Sanada Y, Katano T, Tashiro M, Hirata Y, Okada N,
Ihara Y, Miki A, Sasanuma H, Urahashi T, Sakuma Y, Mizuta K.
Pediatric living donor liver transplantation for congenital hepatic
fibrosis using a mother’s graft with von Meyenburg complex:
A case report. World J Gastroenterol 2016; 22(44): 9865-9870
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i44/9865.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i44.9865

INTRODUCTION
Multiple biliary hamartoma is a rare, benign lesion
[1]
known as von Meyenburg complex . The frequency
[2]
is unknown, but Lin et al have reported that it was
seen in 0.35% of patients undergoing liver biopsy.
Multiple biliary hamartoma is a benign tumor and does
not affect liver function. However, there exist only two
case reports of liver transplantation (LT) with a donor
having von Meyenburg complex, both of which were
[3,4]
orthotropic liver transplantation LT . Due to the lack
of information, graft liver function with von Meyenburg
complex and the risk of malignancy in the graft liver
are unknown.
To the best of our knowledge, there have been
no reports of living donor liver transplantation (LDLT)
from a donor with von Meyenburg complex. We herein
report a case of pediatric LDLT for congenital hepatic
fibrosis (CHF) with a graft taken from the mother
having von Meyenburg complex, and considered the
possibility of a liver with von Meyenburg complex for a
further expansion of living donor pool.
Interestingly, the recipient (the donor’s daughter)
had CHF, which is considered to be associated with
von Meyenburg complex. Both of these conditions
are considered as type of hepatobiliary fibropolycystic
[5]
disease . The case especially focuses on the pre
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A

B

C

D

Figure 1 Computed tomography scan (A), macroscopic finding (B) and histology findings (C, D) of the recipient. A, B: Reveals splenomegaly due to
portal hypertension (A), macroscopic finding of the recipient’s native liver (B). Her native liver shows fibrotic changes in the portal area with proliferation of the
pseudocholangiolar ducts, which is consistent with congenital hepatic fibrosis (C, D). C: Hematoxylin-eosin staining; D: Azan staining. Magnification × 100.

A

B

Figure 2 Magnetic resonance imaging and computed tomography scan of the donor. Magnetic resonance imaging scan of the donor shows 3-5 mm multiple
nodules with high intensity in T2 weighted image (A). Her computed tomography scan also reveals multiple low-density area of 3-5 mm in diameter. Multiple biliary
hamartoma, also known as von Meyenburg complex, was suspected.

slight fibrosis around portal area, with a Metavir fibrosis
score F0 (Figure 3B). The operation time and estimated
bleeding volume were 10 h 20 min and 380 mL, re
spectively. Tacrolimus and Methylprednisolone were
used as postoperative immunosuppressive therapy.
After LDLT, the recipient developed catheter-related
bloodstream infection on POD 7 and obstruction of
external biliary drainage tube on the POD 22, which
was accompanied by slight temporary elevation of
alanine transaminase (Figure 4). However, the graft
liver function was good, and gastrointestinal bleeding
did not occur after LDLT. She was therefore discharged

WJG|www.wjgnet.com

on POD 31. Her routine CT scan on POD 28 revealed
some small nodules suspected to biliary hamartoma
(Figure 3C). One year have passed after LDLT, and
her graft liver and renal function were normal. Her
oncogenic surveillance was also with no abnormal
findings.

DISCUSSION
[6]

Kerr et al first reported in 1961 that CHF is a here
ditary autosomal recessive fibropolycystic disease of
the liver. It is caused by ductal plate malformations
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Table 1 Preoperative blood examination of the recipient

T-bil (mg/dL)

ALT (IU/mL)

Figure 3 Clinical findings during the recipient’s surgery. During living donor liver transplantation, we identified the small lesions of the graft liver
suspected as biliary hamartoma after reperfusion (A). Time zero biopsy of the graft liver revealed slight fibrosis around the portal area; metavir fibrosis
score F0 (B) (magnification × 100). Computed tomography scan on postoperative day 28 (C).

Figure 4 Clinical course of the recipient after living donor liver trans
plantation. Her graft liver function was good and she was discharged on
postoperative day 31. ALT: Alanine transaminase; T-Bil: Total bilirubin.

and is sometimes accompanied by polycystic kidney
[7,8]
disease . The typical pathological findings of a liver
with CHF are progressive fibrosis around the portal
veins and cystic changes of the peripheral small-sized
bile ducts in the thick fibrotic band. Survival depends
mainly on complications of portal hypertension, such
as variceal bleeding and hypersplenism, and some
cases are complicated with cholangiocarcinoma or
hepatocellular carcinoma in the long term. There are
some patients with CHF who progress to liver failure or
severe gastrointestinal bleeding, and require LT.
Hepatobiliary fibropolycystic disease, including
Caroli disease, von Meyenburg complex (multiple biliary

WJG|www.wjgnet.com

Items

Results

Units

WBC
RBC
Hb
Ht
Plt
TP
Alb
BUN
Cre
T-Bil
AST
ALT
LDH
γ-GTP

3.6 × 104
372
7.9 × 104
26.4
6.9
6.4
4.2
10
0.24
0.67
43
39
258
41

/μL
/μL
g/dL
%
/μL
g/dL
g/dL
mg/dL
mg/dL
mg/dL
U/L
U/L
U/L
U/L

WBC: White blood cell count; RBC: Red blood cell count; Hb: Hemoglobin;
Ht: Hematocrit; Plt: Platelet count; TP: Total protein; Alb: Albumin;
BUN: Blood urea nitrogen; Cre: Creatinine; T-Bil: Total bilirubin; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; LDH: Lactate
dehydrogenase; γ-GTP: γ-glutamyltransferase.

hamartoma), CHF, and polycystic liver disease are
considered to arise from the same etiology, with di
fferent levels of the biliary tract being affected. von
Meyenburg complex is now considered to not be a
pure liver disease, but rather a multi-organ disorder
involving the brain, portal vein, kidneys, and bile ducts;
[9-11]
some genetic linked disorders have been identified
.
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Interestingly, this is the first case report wherein a
parent has von Meyenburg complex and the child has
CHF, but neither had multi-organ disorder.
Only two case reports exist of LT from patients
with von Meyenburg complex; both of these cases are
orthotropic LT. They were diagnosed at procurement of
LT, and the recipient’s graft liver function was good after
LT. Our case is likely the first case report of LDLT from
a donor having von Meyenburg complex. We could
not obtain the histopathological diagnosis of the biliary
hamartoma; however, the MRI and CT findings of von
Meyenburg complex are characteristic and reportedly
[12,13]
enable a highly accurate diagnosis
. Although some
lesions of von Meyenburg complex were seen in the
donor’s left lobe, they were dominant in the right
lobe, and preoperative laboratory liver function tests
in the donor were normal. There was no other living
donor available, due to which the LLS graft with some
lesions of von Meyenburg complex had to be retrieved.
Although time zero biopsy of the graft revealed slight
fibrosis in the portal area, the graft function and clinical
course of the recipient were good. To our experience
and according to previous reports, graft liver with von
Meyenburg complex shows no problem regarding graft
function in the early post-LT phase.
The von Meyenburg complex usually consists of
benign tumors, but there have been several case reports
of cholangiocarcinoma or hepatocellular carcinoma arising
[14-17]
from the liver with the multiple biliary hamartoma
.
To date, the frequency of cholangiocarcinoma arising
from a liver with von Meyenburg complex is unknown;
whether these cholangiocarcinomas were derived from
the biliary hamartoma is also unknown. However, under
the circumstances, oncologic surveillance of the graft
liver in the recipient should be performed over time. In
addition, hepatobiliary fibropolycystic disease, including
CHF, is sometimes accompanied by polycystic kidney
[18]
disease, which can result in renal failure . When fo
llowing up the LT recipient for CHF in the outpatient clinic,
physicians should check renal function as well as for the
appearance of cysts in the kidney.
In our institute, we perform the routine blood test
(including standard liver function test and renal function
test) and echo check per 3 mo for first 5 years and
per 6 mo after that. We also examine the CT scan at 1
mo, 6 mo, and 1 year after LT. From 1 year to 5 years
after LT, CT scan were performed annually; thereafter
[18]
they were examined every 2 years . We will perform
same follow up for the recipient. In addition, we will
add the tumor marker test (carcinoembryonic antigen,
carbohydrate antigen 19-9), when blood examination
will be performed.
In conclusion, we successfully treated a patient
with CHF by performing LDLT using the mother’s graft
that had von Meyenburg complex. Long-term follow-up
regarding graft liver function, screening for malignant
tumors, checking renal function, and watching for the
appearance of polycystic kidney disease is needed.
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COMMENTS
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Case characteristics

A 6-year-old girl with congenital hepatic fibrosis (CHF), who suffered from
recurrent gastrointestinal bleeding, was transplanted her mother’s liver graft
with von Meyenburg complex.

Clinical diagnosis

The recipient was suffered from hematemesis. The donor had no symptoms;
the von Meyenburg complex was detected after donor’s examination.

Differential diagnosis

Hepatobiliary fibropolycystic disease, including Caroli disease, von Meyenburg
complex (multiple biliary hamartoma), CHF, and polycystic liver disease.

Laboratory diagnosis

The donor with von Meyenburg complex was normal liver function.

Imaging diagnosis

The donor’s magnetic resonance imaging scan showed multiple 3-5 mm
nodules with high intensity in T2 weighted imaging.

Pathological diagnosis

The recipient was diagnosed CHF.

Treatment

Living donor liver transplantation (LDLT).

Related reports

There exist only two case reports of liver transplantation with a donor having
von Meyenburg complex, both of which were orthotropic liver transplantation.

Term explanation

Multiple biliary hamartoma is a rare, benign lesion known as von Meyenburg
complex, which is included in the hepatobiliary fibropolycystic disease.

Experiences and lessons

LDLT using a graft with von Meyenburg complex is safe and useful for a further
expansion of living donor pool. Long-term follow-up is needed with respect to
graft liver function and screening malignant tumors.

Peer-review

This paper is informative and is suitable for publishing.
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EDITORIAL

Gastrointestinal neuromuscular apparatus: An
underestimated target of gut microbiota
Michele Pier Luca Guarino, Michele Cicala, Lorenza Putignani, Carola Severi

Abstract

Michele Pier Luca Guarino, Michele Cicala, Digestive Disease
Unit of Campus Bio Medico University of Rome, 00128 Rome,
Italy

Over the last few years, the importance of the resident
intestinal microbiota in the pathogenesis of several gastrointestinal diseases has been largely investigated. Growing
evidence suggest that microbiota can influence gastrointestinal motility. The current working hypothesis is that
dysbiosis-driven mucosal alterations induce the production
of several inflammatory/immune mediators which affect
gut neuro-muscular functions. Besides these indirect
mucosal-mediated effects, the present review highlights
that recent evidence suggests that microbiota can directly
affect enteric nerves and smooth muscle cells functions
through its metabolic products or bacterial molecular
components translocated from the intestinal lumen. Tolllike receptors, the bacterial recognition receptors, are
expressed both on enteric nerves and smooth muscle and
are emerging as potential mediators between microbiota
and the enteric neuromuscular apparatus. Furthermore,
the ongoing studies on probiotics support the hypothesis
that the neuromuscular apparatus may represent a target
of intervention, thus opening new physiopathological and
therapeutic scenarios.
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Core tip: This article reviews the current evidence of gut
microbiota and neuromuscular apparatus connection
that results to be both direct and indirect. Besides
dysbiosis-driven mucosal inflammatory mediators,
recent evidence suggests that gut neuromuscular
apparatus can be modulated directly by microbiota
metabolic products or circulating bacterial molecular
components translocated from the intestinal lumen.
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INDIRECT EFFECTS
The potential for the microbiota to produce inflam
matory alterations in the gut microenvironment
deranging gastrointestinal motor function prompts to
a unifying hypothesis for the role of the microbiota
in the pathogenesis of IBS. To support a role
of the microbiota in IBD pathophysiology is the
evidence that an acute episode of gastroenteritis
precedes the onset of IBS, a specific condition
[11,21,22]
called post-infectious IBS (PI-IBS)
. PI-IBS is
characterized by persistent abdominal discomfort,
bloating and diarrhea, despite the elimination of
the causative pathogen. In this condition, the imba
lance in microbiota composition leads to low-grade
inflammation followed by alteration of the sensory
and motor bowel functions. An increased amount of
immune cells in the colonic, ileal, and jejunal mucosa
[23,24]
of IBS patients has been largely reported
. The
persistent inflammatory state is also characterized by
increased mucosal interleukin 1β levels and mast cells
count, as well as activation of entero-endocrine cells
[25-28]
(EC), mainly those producing serotonin (5-HT)
.
The interesting data is that most of these mucosal
alterations persist for over a year and thus could
contribute to the persistence of a PI-IBS. Therefore,
the mucosal inflammation resulting from an acute
infection can lead to a dysfunction of intestinal
motility and 5-HT could play a pivotal role as its
release increases motility and secretion, features
which may explain diarrheal symptoms frequent in
[29]
PI-IBS patients . With an experimental model of
primary infection with Trichinella spiralis, that causes
hypercontractility of intestinal muscle persisting
for over 20 d after the infection was cleared, it was
shown that chronic immune response may extend
[30]
to smooth muscle layers . In this model, the
levels of Th2 cytokines (interleukins 4, 5, and 13)
resulted increased during the acute infection but
not thereafter, whereas cyclooxygenase-2 (COX-2)
and relative enzymatic activity localized to muscle
remained significantly increased. These effects did
not occur in athymic mice, suggesting a crucial role
of T cells in the impairment of intestinal muscle
[30]
function in post-infective disorders . The role of
COX-2 in muscle impairment during inflammation has
been reported both in animal and humans. During
severe mucosal inflammatory conditions, it has been
shown in colonic muscle cells an altered expression of
contractile key-signaling molecules and an increase
in nuclear factor NF-kB DNA binding, which is low
[31-33]
or absent in normal colonic muscle cells
. In
human colonic smooth muscle, NF-kB activation leads
to inflammatory gene expression of COX-2 and to
production of prostaglandin E, both widely considered
[34-37]
responsible for muscle cell impairment
.

INTRODUCTION
Microbiota and gut motility are clearly associated,
but it’s difficult to establish what plays the major role
in influencing the other. According to the classical
theory, gastrointestinal (GI) motility can affect the
microbiota in terms of amount, location and diversity.
This concept is mainly supported by the association
between different GI motility disorders and small
[1,2]
intestinal bacterial overgrowth (SIBO) . GI motility
disorders and alterations of migrating motor complex
(MMC), that eliminates residual content through
the GI tract during periods of fasting, predispose to
SIBO because bacteria are not swept from the small
bowel into the colon, as reported in experimental
[3-5]
models and specific clinical conditions . Neuropathic
and myopathic diseases, such as scleroderma and
[1,6]
polymyositis, seem to be associated with SIBO
as
well as conditions associated to long-standing diabetes,
[7]
such as gastroparesis .
On the other hand, both in vivo and in vitro evidence
[8,9]
highlights that microbiota can affect GI motility . In
studies conducted on germ-free animals, impairment
of neural and motor functions of the GI tract due to
reduced expression of neurotransmitters and contractile
[10]
proteins, were reversed by gut colonization . Moreover,
probiotics have been shown to affect GI motility in
vivo and in vitro. Prebiotic or probiotic therapies are
associated with a significant clinical improvement in
[11,12]
irritable bowel syndrome (IBS)
and animal studies
suggest that the neuromuscular apparatus could
[13-15]
represent a target for probiotics
. Finally, dysbiosis
is associated with significant alterations in intestinal
[16]
transit time .
By interacting directly with mucosal environment,
the microbiota impacts intestinal mucosal functions
and permeability, and influences local and systemic
[12]
inflammatory activity . In normal conditions
neuromuscular apparatus is not in contact with the
luminal content and quite inaccessible by the luminal
microbes. However, dysbiotic conditions cause an
increase in mucosal inflammation and intestinal
[17,18]
paracellular permeability
(Figure 1) with possible
translocation of pathogens, toxins, antigens and
[16,19,20]
bacteria in the circulatory system
. GI motility
might then be affected by microbiota essentially by
two mechanisms: an indirect mechanism driven by
the inflammatory mediators released by the mucosal
immune system and a direct mechanism driven
both by the release of end products of bacterial
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Dysbiosis

Epithelial cells

Increased paracellular
permeability

Activation of immunocytes
Cytokines release
Inflammatory mediators
Bacterial molecular components

Muscle
impairment

ENS
impairment

Nociceptive
hypersensitivity

PAIN

GI motility
dysfunction

Figure 1 Dysbiosis and intestinal motility disorders. One hypothesis regarding the pathogenesis of functional intestinal disorders suggests that dysbiosis
increases paracellular permeability leading to translocation of luminal contents with activation of immunocytes, cytokines and inflammatory mediators release. The
activation of this state of inflammation and the presence of bacterial components, such as LPS, lead to nociceptive hypersensitivity, thus explaining the pain, and to
enteric nervous system (ENS) or muscle impairment, thus explaining the intestinal motor disorders. LPS: Lipopolysaccharide.

Mediators released by the colonic mucosa of IBS
patients are able to activate aberrant responses in the
[38,39]
enteric nervous system
and to impair contractility
of human colonic smooth muscle likely through
[40]
a receptor-dependent mechanism . Histamine
and proteases, two soluble inflammatory products
obtained from IBS biopsy supernatants, are able
to excite visceral afferents neurons and to cause
hyperalgesia and allodynia when introduced into the
[41,42]
colon of mice
. Beside increased visceral sensory
activation, the soluble products found in supernatants
derived from the colon of IBS patients have been
shown to evoke excitatory cholinergic longitudinal
[43]
muscle contractions in the guinea pig ileum . This
effect correlates with the number of mast cells and the
activation of the nerve fibers appears to be mediated
by the activation of different receptors, including
transient receptor potential vanilloid subfamily member
[43]
1 (TRPV1), purinergic and prostanoids receptors .
Many studies have been conducted in attempt to
identify a specific pattern of intestinal faecal microbiota
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in IBS patients and, although heterogeneity of IBS
patients, qualitative and quantitative alterations in
intestinal microflora have been found. Differently from
traditional microbial culture-based techniques, studies
using DNA-based techniques showed that specific fecal
and mucosal microbiota composition are associated
with different subgroups of IBS patients, even if
these investigations have produced non univocal
results. Some studies reported increased abundance
of Proteobacteria and Firmicutes and reduction in
Actinobacteria and Bacteroidetes in patients with
[11,44]
IBS
while others reported a decreased amount of
[45]
Lactobacilli and Bifidobacteria . A very recent metaanalysis demonstrated that composition of IBS patients
microbiota vary across geographical regions. The study
reported a decreased numbers of Bifidobacteria and
Lactobacillus and increased numbers of Escherichia coli
and Enterobacterium in Chinese IBS patients with no
significant differences in the abundance of Bacteroides
and Enterococcus. On the other hand, a decreased
numbers of Bifidobacteria and increased numbers of
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Bacteroides were found in IBS patients from other
[46]
regions of the world . The strict relationship between
dysbiosis and GI motility in IBS need to be further
elucidated as one of the major challenges in IBS is the
absence of an animal model that fully represent this
condition.

Deconjugated bile salts, another bacterial meta
[57]
bolite , have also been reported to affect gastro
intestinal motility through activation of transmembrane
[58]
G-protein coupled receptor (TGR5) . In animals,
TGR5 have been detected in inhibitory intestinal motor
[59]
neurons and on gallbladder smooth muscle cells .
The direct activation of TGR5 causes relaxation of
the smooth muscle cells and inhibition of gallbladder
contractility resulting in gallbladder filling. In humans,
treating normal gallbladder muscle cells with a hydro
phobic bile acid, the tauro-chenodeoxycholic acid,
results in impairment of contraction to cholecystokinin
due to a significant reduction in receptor binding and
an increase in inflammatory mediators and oxidative
[60,61]
stress
. These latter abnormalities, observed also
in gallstone patients, are prevented by treatment with
[61,62]
the hydrophilic ursodeoxycholic acid
.
Among microbiota compounds that might influence
GI motility, there is tryptamine, a secondary metabolite
resulting from the transformation of the aromatic
amino acid tryptophan, that mimics the serotonin
stimulatory effects on motility in ex vivo preparations
[63]
of guinea pig ileum . It is of note that most genes
encoding amino-acid-metabolizing enzymes involved
in the synthesis of neurotransmitters (catecholamines,
serotonin/melatonin, acetylcholine) are present in
[64]
the microbiota genome . Commensal bacteria have
also been shown to be a significant source of nitric
oxide (NO), a key molecule in the control of gut motor
[65]
functions .
Finally, fermentation by the anaerobic flora of
the undigested polysaccharide fraction of certain
carbohydrates generates gases, mostly hydrogen
(H2) and methane (CH4). Even if clinical studies are
still controversial, experimental evidence has been
provided that methane is not an inert intestinal
gas since it can affect the intestinal neuromuscular
[66]
function . In animal models, it has been shown
that intestinal methane infusion slowed down small
intestinal transit time and augmented ileal circular
[66,67]
muscle contractile activity
. In turn, in an ex vivo
experiment on guinea pig gut, H2 by itself has been
reported to significantly shorten colonic transit times,
[68]
this effect being restored by methane . Finally, the
resident sulfate-reducing bacteria produce hydrogen
sulfide (H2S) that inhibits intestinal contractile activity
acting on interstitial cells of Cajal and enteric extrinsic
[66]
neurons . The effects of fermentation products on GI
motility are summarized in table 1.

DIRECT EFFECTS
New physiopathologic and therapeutic scenarios
have arisen by the recent evidence highlighting that
microbiota metabolic products or bacterial molecular
components can directly affect enteric nerves and
smooth muscle cells functions.

Fermentation products

The microbiota is a formidable metabolic “organ”, not
only able to capture calories from food but also to
elaborate a large amount of compounds such as shortchain fatty acids (SCFAs), neurotransmitters homologs
and gases that can act directly with the enteric
[47]
neuromuscular apparatus .
SCFAs such as acetate, propionate, and butyrate are
produced by bacterial fermentation of dietary fibers.
SCFAs exert multiple beneficial effects and act both as
signal transduction molecules, via G-protein coupled
free fatty acid receptors (FFAR2, FFAR3, OLFR78,
[48]
GPR109A) and regulators of gene expression .
Besides improving the intestinal environment, SCFAs
directly affect various host peripheral tissues, generate
potent motor responses and have a considerable
role in regulating the propulsive activity of the gut,
both in animal models and in humans. SCFAs, when
administered into the human terminal ileum, have
been shown to increase parietal tone and stimulate
[49,50]
ileal propulsive contractions
. This compounds are
suggested to act via either extrinsic or intrinsic afferent
neurons which can ultimately stimulate myenteric
[51]
cholinergic neurons . Most of these responses are
not observed in mucosal free preparations, suggesting
that SCFAs receptors are located on mucosal EC
cells. In particular, propionate acts on receptors in
the mucosa causing the release of 5-HT from EC
cells that activates, through 5-HT4 receptors on
the endings of intrinsic primary afferent neurons,
[51]
the enteric peristaltic reflex pathways . In the rat
distal colon, propionate causes also tonic contraction
[52]
via prostaglandin release . Similarly, butyrate and
acetate may also affect GI motility through several
mechanisms including direct effects on smooth muscle
[53]
and myenteric neurons
and production of mucosal
[54]
5-HT . SCFAs receptors have been also localized
in mucosal EC cells containing peptide YY that might
represent another important messenger in transducing
[55]
this contractile signal . However, the effect of these
metabolites still remain controversial; a recent human
study found no significant differences in global motility
[56]
index after intracolonic infusion of SCFAs .
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Bacterial molecular components

One of the main mechanisms of bacterial recognition
are toll-like receptors (TLRs) a family of pattern
recognition receptors that are emerging as potential
mediators between microbiota and the enteric
neuromuscular apparatus. TLR-dependent signaling
regulates structural integrity in both the myenteric and
[69,70]
submucosal plexus
. The mRNA encoding for TLRs
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Table 1 Direct effect of bacterial fermentation products on gastrointestinal motility
Fermentation
product
Short-chain fatty
acids

Effect on GI motility

Mechanism

Ref.

Increase of ileal tone and propulsive contractions

Activation of G-protein coupled free fatty acid receptors
(FFAR2, FFAR3, OLFR78, GPR109A)
Release of 5-HT from EC cells
Release of prostaglandins
Activation of transmembrane G-protein coupled receptor
Reduction in cholecystokinin receptor binding
Increase of inflammatory mediators and oxidative stress
Synthesis of neurotransmitters
Methane (CH4) production

[48-55]

Hydrogen (H2) production
Hydrogen sulfide (H2S) production

[68]
[66]

Smooth muscle and myenteric neurons activation
Deconjugated bile
salts
Tryptamine
Gases

Relaxation of gallbladder smooth muscle cells
Inhibition of gallbladder contractility
Stimulation of ileum motility
Decrease of small intestinal transit time
Augmented ileal circular muscle contractile activity
Shortening of colonic transit times
Inhibition of intestinal contractile activity

[58-61]

[63-65]
[66,67]

GI: Gastrointestinal.
[71]

[72]

have been detected on neurons , glial and smooth
[73]
muscle cells . TLR-2 activation on smooth muscle
leads to the production of neurotrophins that enhance
the structural and functional integrity of the enteric
[74]
nervous system .
In acute inflammatory conditions an excessive
increase of mucosal permeability leads to luminal
[75]
bacteria/endotoxins translocation . Bacteria or
bacterial products can migrate from the intestinal
lumen to mesenteric lymph nodes, or the circulation,
due to the disruption of the normal host/flora
[76]
equilibrium as reported in cirrhosis , inflammatory
[77]
bowel diseases and recently in diarrhea-predominant
[78]
IBS patients .
Most evidence on the effects of bacterial com
ponents on the neuromuscular apparatus derives
from studies on lipopolysaccharide (LPS), the major
component of the outer membrane of Gram-negative
bacteria. Although the exact mechanisms whereby
LPS is able to impair muscle contractility are still to be
established, various targets have been demonstrated.
LPS can directly activate muscular TLR4 inducing a
time- and concentration-dependent impairment of
contractility associated to cytoskeleton alterations,
together with an intracellular oxidative imbalance
[79]
as shown on human colonic smooth muscle cells
(Figure 2). Many of these effects persisted even after
LPS withdrawn suggesting that motility dysfunction
might play a pivotal role both during an acute infective
process and after its resolution. In an experimental
model that enables to stimulate human intestinal
[37]
mucosa in a polarized fashion with LPS , it has
been shown that LPS affects enteric contractility
both through translocation from the mucosa and
submucosa, with subsequent activation of TLR
expressed in muscle, and through mucosal production
of oxygen free radicals. LPS effects on human smooth
muscle were reversed by the H2O2 scavenger catalase,
by NFkB transcription inhibitors and by indomethacin,
[37]
which blocks activation of COX2 . Besides, LPS
can directly activate macrophages embedded within
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the intestinal muscularis externa that produce in
flammatory mediators that indirectly alter smooth
[80,81]
muscle contractility
.
Interestingly, the expression of multiple TLRs
receptors subtypes differentially activated by bacterial
antigens on the enteric neuromuscular apparatus
seems to allow a discrimination between pathogens
and probiotics, as reported for both human enteric
[72]
[73,82]
glial , smooth muscle cells
. The crosstalk
between TLRs subtypes is emerging as an important
regulatory defense mechanism also in neuromuscular
[83]
apparatus . On human colonic smooth muscle cells,
it has been observed that the activation of TLR2,
whose ligands are the components of the outer
membrane of Gram-positive bacteria, prevents LPSinduced muscular alterations. By interacting with this
receptor, Lactobacillus rhamnosus GG (LGG) is able to
reduce LPS-induced NFkB activation and inflammatory
IL6 secretion cytokine and to restore the levels of
[82]
secretion of anti-inflammatory cytokine IL10 . These
in vitro studies support the recent evidence that
indicates the neuromuscular apparatus as possible
[13-15]
target for probiotics
. Escherichia coli strain Nissle
1917 specifically modulates contractility of human
[84]
colonic muscle strips , Lactobacillus species regulate
[14]
[15]
jejunal motility , colonic neuron excitability
and
[85]
attenuate post-infective muscle hypercontractility .
Bifidobacterium and Lactobacillus also alleviate visceral
hypersensitivity and recover intestinal barrier function
[86]
as well as inflammation . Also in humans recent
evidence further suggests that probiotics might be
[87,88]
effective in neuro-motor disorders
.

CONCLUSION
In summary, the current working hypothesis is that
dysbiosis-driven mucosal alterations induce the
production of several inflammatory/immune mediators
which affect gut neuro-muscular functions suggesting
a potential for disturbances in the microbiota to
elicit directly intestinal dismotility or, if sustained,
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Figure 2 Role of toll-like receptors on human colonic smooth muscle cells. LPS affects intestinal contractility by activating oxidative stress in the mucosa and,
once translocated, by activating TLR4 expressed in colonic muscle cells. Activation of muscular TLR4 impairs cell contractility by activation of the nuclear factor kB
transcription with intracellular increase of oxidative stress and by prostaglandin E2 (PGE2) that block intracellular calcium release. The oxygen free radicals, produced
in the mucosa, impair cell contractility with a similar mechanism and also by de-regulation of contractile receptors. The activation of TLR2, whose ligands are the
components of the outer membrane of Gram-positive bacteria, such Lactobacillus rhamnosus GG (LGG), prevents LPS-induced muscular alterations. TLR4: Toll-like
receptor 4; LPS: Lipopolysaccharide.

to lead to chronic sensory-motor dysfunction. The
understanding in these fields would hopefully open
new therapeutic scenarios in GI disease with under
lying neuromuscular disorders as manipulation of
gut microbiota composition could also correct the
mechanisms promoting development and maintenance
of symptoms.
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Abstract
Chronic liver disease is a major cause of morbidity
and mortality worldwide and usually develops over
many years, as a result of chronic inflammation
and scarring, resulting in end-stage liver disease
and its complications. The progression of disease is
characterised by ongoing inflammation and consequent
fibrosis, although hepatic steatosis is increasingly
being recognised as an important pathological feature
of disease, rather than being simply an innocent
bystander. However, the current gold standard method
of quantifying and staging liver disease, histological
analysis by liver biopsy, has several limitations and
can have associated morbidity and even mortality.
Therefore, there is a clear need for safe and noninvasive assessment modalities to determine hepatic
steatosis, inflammation and fibrosis. This review covers
key mechanisms and the importance of fibrosis and
steatosis in the progression of liver disease. We address
non-invasive imaging and blood biomarker assessments
that can be used as an alternative to information
gained on liver biopsy.
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Core tip: Ongoing hepatic fibrosis and steatosis are well
recognised features of chronic liver disease. Liver biopsy
is currently the gold standard for assessing the disease
although this has an associated but low morbidity and
mortality risk. Therefore, alternative methods of non-
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hepatic disease severity. It is well recognised that
the current “gold standard”, histological analysis of
liver biopsy, has limitations and engenders risk to
the patient. Sampling variability and the subjective
interpretation of scoring systems means that the
consistency and representation of the true disease
state is questionable. The procedure frequently causes
discomfort and if the patient has a malignancy, there
[9]
is a risk of tumour seeding . Furthermore, there
is frequent associated morbidity and a small, but
[10]
significant, mortality rate
in all but a few cases.
Liver biopsy is rarely performed in lower income
countries, often due to a lack of expertise to interpret
[11]
results . On the other hand, in the United States and
the developed world, magnetic resonance techniques
allow a quantitative assessment of different aspects
of disease from metabolic markers of inflammation,
through to assessment of fibrotic load, markers of
portal hypertension and prognostic indicators of the
[12]
complications of cirrhosis . There is a clear need for
reliable and effective non-invasive markers of hepatic
inflammation and fibrosis, both for the management
of individual patients and for the development of new
anti-fibrotic therapies. Novel imaging modalities and
non-invasive biomarkers have the potential to fulfil
this role and offer significant benefit in treatment
monitoring and have the potential also to be of use in
resource-constrained settings.

invasive assessment of liver disease are of relevance
and importance. We outline the mechanisms of hepatic
fibrosis and steatosis and review uses of non-invasive
imaging and blood biomarkers as an alternative to liver
biopsy.
Karanjia RN, Crossey MME, Cox IJ, Fye HKS, Njie R, Goldin
RD, Taylor-Robinson SD. Hepatic steatosis and fibrosis: Noninvasive assessment. World J Gastroenterol 2016; 22(45):
9880-9897 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/9880.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.9880

CLINICAL PROBLEM
Chronic liver disease is a major cause of morbidity
and mortality worldwide. The presence of chronic
inflammation and consequent fibrosis leads to the
development of cirrhosis and its complications.
Whilst the exact prevalence of chronic liver disease is
unknown, cirrhosis of the liver was attributed for more
than one million deaths worldwide in 2010, although
[1]
these figures probably reflect heavy under-reporting .
The total worldwide prevalence of cirrhosis has been
estimated at around 1% with significant regional
variation owing to the presence of viral hepatitis, the
[2]
metabolic syndrome and alcohol consumption .
Chronic liver disease has a varied aetiology, including
viruses, such as hepatitis B (HBV) and hepatitis C (HCV).
Worldwide, over half a billion people may be chronically
[3,4]
infected with either of these viruses . Metabolic
causes include the increasing prevalence of nonalcoholic fatty liver disease (NAFLD). Toxic causes, such
[5,6]
as excess alcohol consumption, aflatoxin exposure
and autoimmune disorders, such as primary biliary
cirrhosis and autoimmune hepatitis, contribute to the
disease burden. Over half of the deaths attributable
to cirrhosis and nearly 80% of those attributable to
primary liver cancers occur in those who have chronic
[7]
HBV and HCV infection , while in many developed
nations excess alcohol consumption is the commonest
cause. In the developing world, aflatoxin exposure
further complicates the picture, leading to high rates of
hepatocellular carcinoma (HCC).
Chronic liver disease usually takes many years
to progress from inflammation, associated with
hepatocyte injury, to fibrosis and mostly requires longterm exposure to the causative agent. Progressive
scarring or fibrosis develops during the period of time
between initiation and end-stage disease. The resulting
pre-cirrhotic fibrosis is a target for therapies aimed at
reducing the rate of progression to cirrhosis, or even
[8]
reversal of fibrosis .
Effective antiviral therapies and the advent of
antifibrotic drugs have led to increasing demand for
non-invasive, accurate and reliable biomarkers of
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NATURAL HISTORY OF CHRONIC LIVER
DISEASE
Chronic liver injury leads to initiation and perpetuation
of inflammatory processes, which, by a cascade
of inter-related processes and pathways, leads to
deposition of fibrous tissue (Figure 1). By convention,
fibrosis has been considered potentially reversible,
while the end-stage of the pathological process,
cirrhosis, has been considered irreversible. However,
with elimination of the cause of liver injury, a number
of studies have demonstrated regression of all stages
[13-17]
of fibrosis in animal models and in humans
.
Elucidation of the process of fibrogenesis enables
markers of disease severity and potential targets for
therapeutic intervention to be developed.

KEY MECHANISMS OF FIBROGENESIS
Fibrosis is a dynamic process of hepatic homeostasis
mediated by several cellular mediators in response to
an inflammatory process. In particular, hepatic stellate
cells (HSC) have a central role in the pathogenesis of
[8,18]
liver fibrosis
. These cells comprise 15% of liver
[19]
cell mass . HSCs are activated following liver injury
from a relatively quiescent lipid and vitamin A-storing
phenotype to a myofibroblastic phenotype, capable of
proliferation, contraction and fibrogenesis. However,
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A

B

C

D

Figure 1 Histology of normal liver, fibrosis and cirrhosis. A: Representative histological images (using Sirius red staining), normal liver; B: Mild to moderate
fibrosis with portal tract expansion (METAVIR F = 2, Ishak stage 3); C: Moderate “bridging” fibrosis (METAVIR F = 3, Ishak stage 4); D: Cirrhosis (METAVIR F = 4,
Ishak 5 or 6).

other myofibroblastic cell populations have also been
shown to be involved in fibrogenesis, including portal
[20,21]
fibroblasts
.
HSC activation occurs in two stages: initiation
and perpetuation and each involves characteristic
[18]
pathways, as described by Friedman . Initiating
events may consist of any chronic perturbation of
hepatic homeostasis, which is often, but not always
associated with the presence of inflammatory
cells on liver biopsy. Such perturbations of hepatic
homeostasis may lead to the net over-production
of unstable reactive oxygen species (ROS) derived
from hepatocytes, macrophages, stellate cells and
inflammatory cells. ROS are potent mediators of
the initiation and perpetuation of liver injury and
cause lipid peroxidation of cellular membranes.
Perpetuation of HSC activation is comprised of a
number of cellular responses, which lead to increased
expression and responsiveness to growth factors.
Perpetuation is a dynamic process, occurring along
a number of pathways associated with different HSC
responses. These responses include release of largely
proinflammatory cytokines, proliferation and increased
contractility of HSCs, chemotaxis of inflammatory cells
[18]
and the net deposition of pathological ECM .

has been shown to be crucial for the development of
fibrosis, while in recovery and resolution of fibrosis,
the number of activated HSCs is reduced. The latter
may occur as a result of reversion to the quiescent
form or by apoptosis. A return to the quiescent
[22]
form has been observed in vitro , but not in vivo.
Apoptosis has been postulated as the predominant
mechanism for removal of HSC activity. It has been
shown that spontaneous apoptosis of HSCs occurs in
vitro. Conversely, it has also been shown that MMP-2
levels correlate with apoptosis and may be stimulated
[23]
by apoptosis
and that TIMP-1, by inhibition of MMP,
[24]
leads to inhibition of activated HSC apoptosis .

HEPATIC STEATOSIS
Liver fibrosis is the key pathological feature of pro
gressive liver disease. However, the accumulation of
excessive hepatic triglyceride, hepatic steatosis, is
increasingly recognised as an important factor in the
pathogenesis of a number of chronic liver diseases, not
simply an “innocent bystander”.

Definitions

Hepatic steatosis is a pathological lesion, defined
as the presence of large and small vesicles of fat,
predominantly triglycerides, accumulating within hepa
[25]
tocytes . Hepatic steatosis is frequently associated
with obesity, insulin resistance and dyslipidaemia

Resolution of fibrosis

For resolution of fibrosis to occur, removal of the
injurious agent is a prerequisite. Activation of HSCs
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Insulin resistance

Hyperglycaemia/hyperinsulinemia

Adipose tissue

↑ De novo lipogenesis

↑ FFA

Steatosis

Triglyceride
synthesis

↓ b-oxidation

VLDL

Excess dietary lipids

Figure 2 Summary of metabolic mechanisms leading to hepatic steatosis. Reproduced from Dowman et al[155] with permission from Oxford University Press.
[29,30]

direct route to hepatic steatosis in HCV infection

in those who do not consume excessive quantities
of alcoholic drinks, where it is termed non-alcoholic
[26]
fatty liver disease
(NAFLD). Hepatic steatosis may
also be a result of secondary causes, which include
alcoholism, HCV, severe weight loss, total parenteral
nutrition and drugs (such as amiodarone, diltiazem,
tamoxifen, steroids and highly active antiretroviral
[27]
therapy) . NAFLD may thus be considered a
syndrome of various aetiologies, excluding alcohol
and, by convention, HCV.

CURRENT APPROACHES TO THE
ASSESSMENT OF CHRONIC LIVER
DISEASE
The evaluation of patients with chronic liver disease
is largely based on assessment of the clinical history,
physical examination and measurement of non-specific
liver enzymes. Most pre-cirrhotic chronic liver disease
is asymptomatic, where clinical signs are subtle and
non-specific. Clinical chemistry, so-called “liver function
tests” (aminotransferases, alkaline phosphatase,
bilirubin and gamma-glutamyl transferase) and
haematological indices (cell-counts and the pro
thrombin time) may be abnormal in cirrhotic and
pre-cirrhotic disease, but alone, their sensitivity and
specificity for the diagnosis and staging of chronic liver
[2]
disease is limited .

Epidemiology

In a systematic review on the epidemiology of NAFLD,
Vernon and colleagues reported the prevalence of
NAFLD in the United States ranges from 10%-35%
in published studies, depending on the investigative
[1]
assessment modality used and the study population .
Worldwide, NAFLD prevalence ranges from 6%-35%
[1]
with a median of 20% .

Key issues in pathophysiology

Liver biopsy - the “gold standard” for disease
assessment

The development of hepatic steatosis occurs when
the rate of synthesis or import of fatty acids by
hepatocytes exceeds the rate of export or catabolism.
Such an imbalance can occur in a number of ways
and is summarised in Figure 2 with increased uptake
of fatty acids by hepatocytes in obesity, increased
hepatic fatty acid triglyceride synthesis, impaired fatty
acid mitochondrial β-oxidation and reduced VLDL and
triglyceride synthesis all being components to consider
[28]
to a greater or lesser extent . Importantly, with
respect to hepatic triglyceride export, HCV core protein
has been shown to inhibit this process, providing a
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Histological assessment of liver biopsy is the mainstay
for the diagnosis and staging of chronic liver disease.
Epidemiological and pathophysiological data support
fibrosis being the hallmark of chronic liver disease and
[31]
a predictor of outcome . Most liver biopsies for the
assessment of chronic liver disease are performed
percutaneously, by passing the biopsy needle between
the ribs into the right lobe of the liver. Guidelines for
safe and effective liver biopsy have been published by
[32]
the British Society of Gastroenterology .
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Validity of histological scoring systems

[10,40,41]

as between 1 in 1000 and 1 in 10000 patients
.
Minor complications, such as post-procedural pain
or localised haematoma, occur in between 3% and
30% of cases. More severe complications, including
intraperitoneal haemorrhage (requiring transfusion)
or perforation of a viscus (including pneumothorax)
[32,42]
may occur in 0.3% to 0.6% of cases
. Tumour
seeding following biopsy of suspected carcinomas in
[43]
cirrhosis may also occur in 2.7% of cases . Good
management of clotting disorders and the appropriate
use of the transjugular approach for liver biopsy may
[32]
improve outcome .

Fibrosis and inflammation: The interpretation of the
histology of liver tissue in chronic liver diseases is based
on categorisation or scoring of inflammatory features
(grade) and fibrosis and architectural disruption
[33]
(stage) . The first major scoring system was developed
in 1981, and based on the identification of periportal
necrosis, intralobular necrosis, portal inflammation and
[34]
fibrosis, assessed separately and assigned a score ,
although it was later modified to include additional
[35]
components . The first three components of the
score contribute to the necroinflammatory grade, while
the fibrosis score, from 0-6, is based on architectural
changes in the pattern and expansion of fibrous bands.
From a practical perspective, cirrhosis is represented
by both stage 5 (incomplete cirrhosis) and 6 (probable
or definite cirrhosis).
The METAVIR scoring system was developed
to look specifically at HCV-related liver disease.
The histological activity is based on piecemeal and
lobular necrosis, while the fibrosis stage is scored
[36]
from 0-4, with 4 representing cirrhosis . All scoring
systems are designed to place a numeric value to
architectural features. They consist of ordered categorical
data representing qualitative and semi-quantitative
descriptions, so are not quantitative measures of fibrosis.
Studies of liver tissue using digital image analysis have
shown that the area of fibrous tissue is not linearly
related to the fibrosis score. Moreover, inflammation
[33]
may cause expansion of fibrous tracts . Nevertheless,
histological fibrosis assessment has been validated
by successive clinical studies, making the features
[31]
clinically relevant .

Sampling variability: Percutaneous liver biopsy
th
typically samples less than 1/50000 of the liver,
so any heterogeneity of pathological features may
[44]
lead to sampling variability . Autopsy studies have
demonstrated that cirrhosis may be missed on a
single pass liver biopsy in between 10% and 30% of
[45,46]
cases
, while a study using laparoscopic biopsy of
both left and right lobes of the liver found a difference
of at least one fibrosis stage between lobes in over
[47]
30% of patients . The size of the liver biopsy
specimen influences sampling variability. Smaller
biopsy sizes (in length and breadth) were shown to
lead to a lower probability of observing characteristics
of more severe diseases and, consequently, led to
[48]
underestimation of disease severity .
Subjectivity and inter-observer variation: Histolo
gical scoring systems are designed to be objective
and reproducible, but interpretation is still a source
of error. Inter-observer variability is low for the
assessment of fibrosis, but higher for the assessment
[49]
of activity or inflammation . In a study of intra- and
inter-observer variability, agreement was better for
fibrosis than inflammation and also amongst experien
[50]
ced pathologists than more junior pathologists .
These authors concluded that the experience of the
pathologist had more influence on agreement than
the characteristics of the biopsy itself. Histology
of liver biopsy specimens is still the mainstay for
the definitive diagnosis of liver diseases and for
investigation of co-existing pathology. Nevertheless,
there are risks inherent in the technique and scoring
systems should be interpreted in the knowledge of
the limitations.

Steatosis: Scoring systems quantify fat on the basis
of visible hepatic lipid droplets within hepatocytes.
The grade of steatosis is based on the proportion of
hepatocytes containing visible lipid and is expressed
semi-quantitatively on a scale of 0-3 (0, < 5%; 1,
[37,38]
5%-33%; 2, > 33%-66%; 3, > 66%)
. Grading
is considered in the context of other histopathological
lesions, such as inflammatory infiltration and ballooning
of hepatocytes. However, there are considerable
limitations to liver biopsy for the quantification of
hepatic lipid. Quantification of lipid is based only
on visible lipid droplets, so invisible (for example,
membrane) lipid is not included. The assessment
is only semi-quantitative, being a two-dimensional
estimation of the proportion of hepatocytes including
lipid, and not considering the volume of droplets.
Finally, the composition of the fatty acid components
is not assessed, although, using immunohistochemical
techniques, the presence of lipid peroxidation products
[39]
may be determined .

NON-INVASIVE TECHNIQUES
Non-invasive assessment techniques are suited to
longitudinal studies as the risk to patients is more
limited than liver biopsy. However, the measured
parameters may be more susceptible to influence by
confounding factors and so specificity is important to
consider. Non-invasive tests of chronic liver disease
may be broadly divided into serum (or blood) markers
and imaging-based technologies.

Limitations of liver biopsy

Morbidity and mortality: Percutaneous liver biopsy
has a small, but quantifiable, risk of mortality, quoted
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Serum markers

limited by false-positive results, attributed to increases
in bilirubin or decreases in haptoglobin; in particular
HCV patients on ribavirin. Results can also be affected
by acute inflammation, Gilbert’s syndrome and
[52]
cholestasis .

Serum markers have been studied in detail to detect
early fibrotic changes as blood tests are quick and
acceptable to patients. While the results are objective,
there is the possibility of the presence of confounding
factors from extrahepatic disease. These have been
[51-53]
reviewed extensively
. Serum markers may bro
adly be divided into “indirect” and “direct” markers,
single tests and panels. Indirect markers are markers
of liver function, which reflect liver fibrosis, while
direct markers include serum extracellular matrix
[54]
components and intermediates of fibrogenesis .
The strengths and limitations of the most widely used
models are summarized below.

FIB-4 index: The FIB-4 index combines several
markers of liver function into the following formula:
9
age (years) × AST [U/L]/(platelets [10 /L] × (ALT
[U/L]). The FIB-4 index was specifically developed
as an alternative to biopsy in patients with chronic
HCV infection, although it has shown use in other
causes of liver disease. In a study of 529 HCVinfected patients, the FIB-4 index enabled the correct
identification of patients with severe fibrosis (F3-F4)
and cirrhosis with an Area under Receiver Operated
Curve (AUROC) of 0.85 (95%CI: 0.82-0.89) and 0.91
[62]
(95%CI: 0.86-0.93), respectively . However, a lack
of universal agreement amongst studies for positive
and negative cut-off values has proved problematic.

APRI

APRI (AST to Platelet Ratio Index) was proposed as
an alternative to biopsy in patients with chronic HCV
[55]
infection
and it is calculated as (AST/upper limit of
9
normal range)/platelet count (10 /L) × 100. A recent
meta-analysis by Lin and colleagues showed APRI
had AUROC scores for the diagnosis of significant
fibrosis, severe fibrosis, and cirrhosis of 0.77, 0.80,
and 0.83 respectively, demonstrating a potential use
[56]
for identifying HCV-related fibrosis . However, APRI
fails to identify a significant proportion of people in the
earlier stages of fibrosis and therefore is limited in its
ability to identify only significant and untreated chronic
[55,57]
HCV-related fibrosis
.

Enhanced liver fibrosis score

Forns index: The Forns index is another formula that
assesses liver function by combining age, cholesterol,
gamma-glutamyltranspeptidase and platelet count.
Forns and colleagues showed using a best cut-off
score of < 4.2, the presence of significant fibrosis
(F2-F4) could be excluded with high accuracy (negative
predictive value of 96%) in 125 (36%) of 351 patients
[63]
with chronic HCV infection . The Forns index has also
been shown to be more accurate than other serum
markers including FIB-4 and aspartate APRI (AUROC
0.795, 0.764 and 0.774 respectively) in the prediction
[64]
of significant fibrosis in patients with chronic HCV .

®

The enhanced liver fibrosis score (ELF ) score
(Siemens, Munich, Germany) combines three direct
markers of fibrosis including hyaluronic acid (a
component of the extracellular matrix), TIMP-1 (an
inhibitor of matrix metalloproteinases, which break
down collagen) and PIINP (a marker of collagen
synthesis at disease site). Therefore, the premise of
this scoring system is that a higher score will indicate
®
a higher rate of fibrogenesis. ELF has been shown to
have good performance for the detection of significant
fibrosis in chronic HCV (93% sensitivity and 83%
[58]
specificity)
but also in NAFLD (sensitivity 89% and
specificity 96%) and ALD (100% sensitivity and 16.7%
[59]
specificity) , although results for the latter two have
been less rigorously evaluated. Results also need to be
adjusted appropriately as scores can be influenced by
[60]
gender, age, and sex .

IMAGING-BASED MODALITIES AS
ALTERNATIVES TO BIOPSY
Various imaging modalities have been proposed as
alternatives to liver biopsy. Given that there is strong
evidence that liver stiffness measurements (LSM)
[65,66]
increases with the degree of fibrosis
, the most
successful imaging modalities have used techniques
to measure liver stiffness and correlate this with the
degree of fibrosis, most notably ultrasound-based
transient elastography (TE) and acoustic radiation
®
force impulse imaging (ARFI , Siemens, Munich,
Germany). Their potential use in the measurement
of hepatic steatosis and differentiation of hepatic
steatosis grade has also been investigated. The use of
other modalities, including MR techniques, to assess
morphological and biochemical changes in chronic liver
disease (CLD) will also be discussed.

FibroTest®

®

FibroTest (BioPredictive, Paris, France) uses five
different serum markers in its model and has been
validated in meta-analysis in multiple aetiologies
including NAFLD (AUROC 0.84; 95%CI: 0.76-0.92),
alcohol-related liver disease (AUROC 0.86; 95%CI:
0.80-0.92) and both chronic HBV infection (AUROC
0.80; 95%CI: 0.77-0.84) and HCV infection (AUROC
[61]
0.85; 95%CI: 0.82-0.87) . However, results are
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®

TE was first developed as Fibroscan (Echosens, Paris,
France), where a vibrator generates low frequency shear
waves through the liver which are then transmitted
to an ultrasound receiver. The velocity of the waves is
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[76]

dependent on the tissue elasticity and therefore, the
rate of propagation through the liver can be used as a
measure of liver stiffness and converted into a numerical
value (kPa). Meta-analyses have shown TE has a very
high sensitivity and specificity for detecting cirrhosis, but
its accuracy was much reduced in the earlier stages of
[67,68]
fibrosis
. This is partly due to the lack of validation
for stiffness cut-off values in earlier stages of disease,
but also possibly due to the multiple processes that
[67,69]
contribute to liver stiffness other than fibrosis
.
®
Fibroscan machines now have been calibrated to
measure hepatic steatosis levels by using a novel
®
Controlled Attenuation Parameter (CAP ; Echosens,
Paris, France), with results showing a sensitivity and
specificity between 78% and 100% and an excellent
correlation between different steatosis grades,
determined by the percentage of hepatocytes with fatty
-16 [70]
infiltration (Spearman Rank ρ = 0.81, P < 10 ) . Its
use has been validated in patients with chronic hepatitis
C infection (AUROC 0.80; 95%CI: (0.75-0.84) for S ≥
1, 0.86; 95%CI: 0.81-0.92 for S ≥ 2 and 0.88; 95%CI:
0.73-1.00 for S = 3) respectively and has shown
correlation in patients withNAFLD (0.49, P = 0.00069)
although this accuracy reduces with increasing steatosis
[71,72]
grade in patients with NAFLD
.

Acoustic radiation force impulse imaging®

being unaffected by levels of steatosis . However,
®
whilst ElastPQ remains an exciting prospect, further
comparisons with other non-invasive imaging moda
lities and liver biopsy are needed.

Standard ultrasound

Ultrasound is widely used clinically to detect hepatic
steatosis, but it can also detect the vascular changes
[77]
of chronic liver disease with contrast enhancement .
Ultrasound is also able to detects hepatic steatosis,
based on the premise that steatosis causes increased
echogenicity of the hepatic parenchyma, leading
to a brighter image when compared to the cortex
[78]
of the ipsilateral kidney . Other conditions, such
as fibrosis may also lead to increased echogenicity,
resulting in a potential for confusion. A review of the
non-invasive measurement of fat content found the
sensitivity of ultrasound for the detection of steatosis
to range from 60% to 94%, while the specificity
[79]
ranged from 84% to 95% . However, histologicallyassessed mild steatosis resulted in a sensitivity of just
[80]
55% . In addition, obesity reduces the accuracy of
ultrasound due to technical considerations and increased
attenuation of signal caused by subcutaneous fat.
Ultrasound performs more poorly for the quantification
of hepatic lipid, although subjective grading systems,
categorizing steatosis into mild, moderate and severe
[81]
groups have been proposed . Dynamic microbubble
contrast-enhanced studies are thought to exploit the
intra- and extrahepatic vascular changes that generate
shortening of hepatic vein transit times with increasing
[82,83]
disease severity
(Figure 3).

®

Acoustic radiation force impulse imaging (ARFI)
(Siemens, Munich, Germany) is another form of ultra
sound elastography that measures soft tissue dis
placement following the exposure of high-energy
acoustic pulses. The measurement of displacement can
then be quantified and interpreted as a measurement
of liver stiffness. Meta-analysis by Friedrich-Rust and
®
colleagues used AUROC to show ARFI is effective with
scores of 0.87 for discriminating significant fibrosis,
[73]
0.91 for severe fibrosis and 0.93 for cirrhosis .
®
Additionally, ARFI has also shown comparable results
with TE for detection of significant fibrosis and cirrhosis
and was significantly more likely to obtain reliable
[74]
measurements . However, its uses for detecting
earlier stages of fibrosis though remain limited.

Computed tomography

CT enables the assessment of hepatic steatosis on the
[84]
basis of radiographic density , although the ability to
[85]
quantify hepatic lipid is not clear . Ionising radiation
associated with CT-scanning confers a small excess
risk to subjects, making it less suited for repeated
measurements.

Magnetic resonance imaging

T1 and T2 mapping are MR techniques that can be used
for in vivo tissue characterisation either individually
or in combination. T1 relaxation times correlate with
increased levels of extracellular fluid associated
with inflammation and fibrosis, whereas T2 mapping
[86]
primarily reflects the amount of iron deposition .
For example, T1 mapping of the liver has used a
modified Look-Locker inversion recovery sequence
[87]
with motion recovery
and T2 on multi-gradient-echo
[88]
acquisition . Since elevated iron levels interfere with
T1 measurements, correction algorithms are applied
[86]
to provide more accurate readings . T1 mapping has
shown good correlation with the histological degree
of fibrosis in a cohort of 79 patients with chronic liver
disease of multiple aetiologies with a ROC of 0.94 for
[88]
any degree of fibrosis .

ElastPQ®

®

ElastPQ (Philips, Best, Netherlands) is a newer
ultrasound method of non-invasive assessment of
liver stiffness and uses two-dimensional shear wave
elastography to generate an absolute measurement of
®
liver stiffness. ElastPQ showed comparable accuracy
®
to ARFI when differentiating 176 patients with and
without chronic liver disease (83.7% vs 83.1%), al
®
though measurements of liver stiffness for ElastPQ
®
were significantly lower, compared to ARFI and thus
[75]
required different cut-off values . Additionally, in a
study of 291 patients with chronic HBV, who under
®
went biopsy or partial hepatectomy, ElastPQ values
showed good correlation between the stage of liver
fibrosis and grade of necroinflammatory activity while
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Additionally, Pavlides and colleagues have used
T1 mapping to show a correlation with the degree
of liver disease and the risk for developing clinical
events in 112 patients. Optimal T1 cut-off points were
created by comparing multiparametric MR data with
histological staging of fibrosis from previous studies.
This was used to create a “liver inflammation and
fibrosis” (LIF) staging score. Pavlides subsequently
found that patients with severe liver disease (LIF >
3) were at higher risk for developing clinical events,
compared to patients with LIF < 1 (P = 0.02) and
[86]
LIF 1-1.99 (P = 0.03) . T1 mapping has also been
shown to differentiate Child-Pugh A patients from
[89]
Child-Pugh B/C patients effectively (P < 0.00001) .
T1 mapping is a promising diagnostic tool that has
shown to be effective in differentiating different stages
of fibrosis and also has shown potential for predicting
clinical events. However, further research is needed to
validate effective scoring systems and the influences
of other compounding factors for it to become a valid
alternative to liver biopsy in clinical practice.

meta-analyses
. One meta-analysis by Singh and
colleagues using 12 retrospective studies, comprising
697 patients with CLD of varying aetiology, showed MRE
had high diagnostic capability for detecting significant
fibrosis (F ≥ 2), advanced fibrosis (F ≥ 3), as well as
cirrhosis with ROC values of 0.88 (0.84-0.91), 0.93
(0.90-0.95), and 0.92 (0.90-0.94) respectively, as
[91]
determined by liver biopsy . Another meta-analysis
by Su and colleagues, comprising 13 studies and
989 patients, also demonstrated good sensitivity and
specificity of MRE for the staging of fibrosis. The pooled
sensitivity and specificity for F ≥ 1, F ≥ 2, F ≥ 3 and F
= 4 were 0.87 (95%CI: 0.84-0.89) and 0.92 (95%CI:
0.87-0.96), 0.87 (95%CI: 0.84-0.90) and 0.92 (95%CI:
0.89-0.95), 0.88 (95%CI: 0.85-0.91) and 0.91 (95%CI:
0.88-0.93), 0.91 (95%CI: 0.87-0.94) and 0.92 (95%CI:
0.89-0.94), respectively. The pooled ROC values for F ≥
1, F ≥ 2, F ≥ 3 and F = 4 were 0.9502, 0.9663, 0.9644,
[92]
and 0.9768, respectively . MRE can also be used to
stratify risk of cirrhosis progression in patients with
[95]
chronic HCV infection and may have greater potential
than TE for assessment of NAFLD in patients with high
risk of NASH or cirrhosis, due to the multiparametric
nature of MRI which allows for a comprehensive
[96]
assessment of the liver .
Recent studies have shown that three-dimensional
spin-echo echoplanar imaging (3D-SE-EPI) could have
better diagnostic accuracy than conventional twodimensional gradient-recalled echo (2D-GRE). In a
study of 179 patients with either chronic HBV or HCV
infection, Shi and colleagues showed AUCs for the
characterisation of F ≥ 1, F ≥ 2, F ≥ 3, and F = 4 were
0.957 (95%CI: 0.913-0.983), 0.971 (0.932-0.991),
0.991 (0.961-0.999), and 0.979 (0.942-0.995) for
3D-SE-EPI compared with the AUCs for 2D-GRE at
each fibrosis stage which were 0.948 (0.901-0.977),
0.959 (0.915-0.981), 0.979 (0.943-0.995), and 0.976
[97]
(0.938-0.994) respectively . A higher diagnostic
accuracy for 3D-SE-EPI compared with 2D-GRE has
also been shown for patients with NAFLD advanced
[98]
fibrosis .

Magnetic resonance elastography

Proton magnetic resonance spectroscopy
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Figure 3 Hepatic vascular transit times in normal patients and patients
with cirrhosis. Time intensity curves from the hepatic vein show earlier arrival
of contrast in the cirrhotic liver[83].

While ultrasound-based transient elastography tech
®
niques such as Fibroscan measure liver stiffness in a
3
defined region (about 5 cm , right lobe of the liver),
Magnetic Resonance Elastography (MRE) can be used
to predict fibrosis stage effectively in patients with
chronic liver disease, while producing a wider and more
representative map of liver stiffness in both 2D and
3D planes. This is performed using similar principles to
TE, whereby propagating shear waves are generated
and imaged using phase contrast MRI, which includes
oscillating motion sensitising gradients (MSGs). The
subsequent cyclic spin displacement of protons, which
in the presence of synchronised MSGs, are encoded as
[90]
phase shifts within the MRI signal .
MRE has been validated in multiple studies and
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1

Since a Magnetic Resonance Spectroscopy ( H MRS)
spectrum of the liver is dominated by lipid and water
1
resonances, H MRS has been used for the assessment
of hepatic fat. The percentage liver fat has been
estimated from the number of protons in the lipid
and water resonances by calibration with hepatic lipid
[99]
extracts . Such measures have been used to assess
racial differences in the prevalence of hepatic steatosis
and the technique has also been applied in a population
[100,101]
of over 2000 participants
. Simpler lipid-to-water
resonance ratios have been used to compare hepatic
steatosis between obese and lean individuals and have
demonstrated a change in intrahepatic lipid in response
[102-104] 1
to dietary intervention
. H MRS also has also
been applied to the assessment of steatosis in living-

9887

December 7, 2016|Volume 22|Issue 45|

Karanjia RN et al . Hepatic steatosis and fibrosis
patients with acute hepatitis A demonstrated an acute
rise in PME/PDE, which decreased with resolution of
[118]
disease
. Moreover, in patients with hepatitis C,
the PME/PDE decreased significantly in those respon
ding to antiviral treatment but did not change in non[119]
responders
.

Mean (PME/PDE) ± 2SE

0.5

0.4

0.3

Combination techniques

0.2

0.1

n = 15

n = 18

control

mild

n = 19
moderate

Combinations of non-invasive techniques can be used
to improve accuracy. Serum biomarker models can
be combined to create more accurate algorithms,
such as the Fibropaca algorithm, Leroy algorithm
and SAFE biopsy, with some studies suggesting their
use could reduce the number of liver biopsies by
[120]
79%
. However, the use of serum biomarkers in
combination with imaging techniques has proved
highly useful. One study of 183 patients with chronic
HCV by Castera and colleagues demonstrated that a
®
combination of serum FibroTest and ultrasound-based
®
Fibroscan (TE) (the Bordeaux algorithm) showed an
increased AUROC score for F2 (0.88 vs 0.83) and F3
®
(0.95 vs 0.90), compared to Fibroscan alone, thus
avoiding the need for biopsy in a large proportion
[121]
of patients
. The Anger’s algorithm combines the
®
serum biomarker model, Fibrometer (Echosens,
®
Paris, France) and ultrasound-based Fibroscan . TE
has also demonstrated good diagnostic accuracy and
required significantly fewer biopsies than the Bordeaux
algorithm for significant fibrosis (20.2% vs 28.6%, P
[122]
= 0.02) and cirrhosis (9.3% vs 25.3%, P = 0.001) .
Most recently, the role of combination techniques as
a cost-effective screening tool has been validated
by Harman and colleagues in a community setting
in Nottingham, United Kingdom (practice population
10479). High-risk patients were identified using risk
factors for chronic liver disease and subsequently
investigated them using a serial biomarker algorithm
and liver stiffness measurement (Figure 5). Of the 504
identified as being high risk, 62 patients (12.3%) had
normal biomarkers and were not further investigated.
378 patients then agreed to undergo TE which found
98 patients (26.8% of valid scans) had clinically
significant fibrosis (defined as LSM < 8kPa). Most
interestingly, 71/98 patients (72.4%) of these patients
had normal liver enzymes and would have been
otherwise missed by conventional algorithm models.
This techniques also managed to identify 140% more
[123]
patients with definite cirrhosis (n = 11) .

n = 11
cirrhosis

Severity of disease

Figure 4 31 P magnetic resonance spectroscopy of patients with
increasing severity of liver disease vs controls. PME/PDE ratios obtained
from in vivo hepatic 31P MRS correlating with severity of liver disease in
patients with hepatitis C[116]. MRS: Magnetic resonance spectroscopy; PME:
Phosphomonoester; PDE: Phosphodiester.
[105]

donor liver transplantation
and for quantification of
steatosis in HIV mono-infected individuals who are at
[106]
greater risk of liver fibrosis and cirrhosis .

Proton density fat fraction

MRI techniques can also be used to calculate the
proton density fat fraction (PDFF), a marker of
hepatic steatosis, using MRS as a reference. PDFF is
defined as the ratio of density of mobile protons from
triglycerides and the total density of protons from
mobile triglycerides and mobile water which then
reflects the concentration of fat within that tissue
[107]
in the absence of confounding factors
. PDFF has
shown at least equivalence in accuracy for quantifying
1
hepatic steatosis with both H MRS and with his
tological grade, across several studies with various
[108-112]
aetiologies of chronic liver disease
. Additionally,
in a retrospective study of data from 506 adults, PDFF
estimation accuracy was not affected by age, sex and
BMI with the authors concluding these confounders
[113]
have a clinically negligible effect . Further validation
1
of these techniques would be of benefit as H MRS
techniques are not widely available.

Phosphorus MRS
31

Phosphorus ( P) MRS currently remains a research
tool and allows observation of metabolites associated
with energy metabolism as well as membrane
phospholipid turnover. The latter include phospho
monoesters (PME), thought broadly to represent
membrane precursors including phosphoethanolamine,
phosphocholine and phosphodiesters (PDE), which
are thought to represent membrane degradation
products including glycerophosphocholine and gly
cerophosphoethanolamine. Studies in chronic liver
[114,115]
[116,117]
disease both in vitro
and in vivo
have
demonstrated a correlation between the PME/PDE
and disease state or severity (Figure 4). A study in
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IMAGING MODALITIES TO DETECT
FEATURES OF CLD
Imaging modalities are can be used to detect a
number of signs or physical parameters, which are of
relevance to chronic liver disease.

Morphological changes

The later stages of chronic liver disease are cha
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Step 1: Identification of risk
1027 patients
Exclusions
71 severe comorbidity
22 died or left practice prior to study
8 known chronic liver disease
6 contraindication (e.g. , pacemaker)
920 patients eligible for study

Step 2: Simple blood-based
biomarker
504 patients
62 normal blood - based biomarker
60 refused scan
17 did not attend scan

13 patients raised
ALT and AST:ALT ratio
Step 3: Transient elastography
378 underwent TE

Lifestyle advice and GP
follow-up
268 patients with normal liver
stiffness (< 8 kilopascals)

12 patients without valid TE

Step 4: Hepatology clinic
98 patients with elevated liver
stiffness (≥ 8 kilopascals)

Figure 5 Diagnostic algorithm and patient flow chart of the non-invasive biomarker and transient elastography pathway[123]. ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; GP: General practitioner; TE: Transient elastography.

racterised by a number of intra- and extrahepatic
structural changes. A number of these structural
changes are manifestations or consequences of
other pathological processes. The cirrhotic liver is
typically small with an uneven border or perimeter.
These features are caused by the contraction of thick
bands of fibrous tissue interspersed by regenerative
nodules. Ultrasound-visible features, such as liver
surface nodularity, caudate lobe hypertrophy and
the presence of detectable hepatic venous blood
flow have been shown to identify those with severe
fibrosis or cirrhosis from a cohort of patients with
chronic liver disease, although it is doubtful that the
severe fibrosis group alone would be identifiable
[124]
by such a technique
. Routine MRI, computed
tomography (CT) and ultrasound indices can detect
gross morphological changes associated with cirrhosis,
but none is sensitive or specific. Moreover, pre[125-127]
cirrhotic disease is not adequately discriminated
.
However, dynamic superparamagnetic iron oxideenhanced and gadolinium-enhanced MRI demons
trates reticular-nodular patterns, thought to represent
septal hepatic fibrosis, the presence of which, taken
with an overall (subjective) qualitative assessment,
allows the discrimination of moderate and severe from
[128]
mild fibrosis
(Figure 6). Digital image processing
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of unenhanced CT scans has enabled assessment
of the distribution of high-attenuation patterning,
again presumed to represent fibrosis and distinction
[129]
between moderate and severe fibrosis
. However,
these techniques do not provide a quantitative
measure of disease severity, and a number of the
techniques remain unvalidated by other centres.
Water molecules are tightly bound in the fibrotic
extracellular matrix, providing the rationale behind
the application of diffusion-weighted MR imaging
to chronic liver disease. An apparent diffusion
coefficient (ADC) is derived, representing proton, and
hence water, mobility. A reduced ADC is observed
in cirrhosis and with increasing fibrosis stage, and
has been interpreted as being due to restriction of
[130,131]
water diffusion in fibrotic tissue
, or possibly by
[132]
reduced capillary perfusion
. However, the precise
relationship between the ADC and fibrosis is currently
unclear.

Portal hypertension

Portal hypertension is the cause of much morbidity and
mortality associated with chronic liver disease, through
development of varices of porto-systemic anastomoses
and through activation of vasodilatory pathways
and development of ascites and the hepatorenal
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A

B

Figure 6 Transverse MR images of cirrhotic liver in vivo[128]. A: SPIO-enhanced two-dimensional spoiled gradient echo (SPGR) image with echotime of 2.65 ms;
B: Double-enhanced SPGR image at the same level, showing hyperintense reticulations and hypointense nodules (arrows), thought to represent fibrous septal bands
surrounding regenerative nodules.

logical feature of chronic liver disease. In the deve
lopment of fibrosis, obliteration of the small hepatic
and portal veins may lead to a congestive hepatopathy,
which is exacerbated by a co-existent hyperdynamic
[141]
circulation . This results in inflammation and oxidative
stress, both triggers for fibrogenesis. Intrahepatic
vascular remodeling within the fibrotic liver is performed
by the contractile HSCs, mediated by changes in levels
of nitric oxide (NO), consequent to derangement of
endothelial NO synthase. This contributes to high
[142]
resistance and constricted sinusoidal vessels . Such
mechanisms may also contribute to the development of
intrahepatic vascular shunts. Imaging techniques assess
changes in physical properties consequent to vascular
alteration. While vascular changes occur with increasing
fibrosis, imaging techniques do not assess fibrosis
directly, so may be considered surrogate markers in this
context.

syndrome. Increased portal pressure is caused
by increased intrahepatic resistance to flow which
[133]
results from both vascular factors and fibrosis
.
The structural results of portal hypertension, such as
splenomegaly, ascites and the presence of venous
collaterals are also readily assessed by conventional
imaging techniques, but these features tend to be
associated with decompensated cirrhosis and not precirrhotic disease stages. A number of ultrasoundbased studies have aimed to assess portal pressure
[134]
indirectly as a surrogate for disease severity
.
However, ultrasound Doppler indices of portal flow
were found not to correlate reliably with increasing
[135,136]
severity of disease
. A number of studies have
pointed to a relationship between portal hypertension
and liver stiffness measurement (LSM) measured by
®
Fibroscan . Foucher and colleagues demonstrated a
correlation between liver stiffness measurement and
splenomegaly, the presence of oesophageal varices
[137]
and a history of bleeding varices
. A relationship
®
between LSM, measured by Fibroscan and the
presence of varices has also been described, although
evidence for the relationship between LSM and size
[138,139]
of varices is mixed
. Vizzutti and colleagues
went on to demonstrate correlation between LSM
and the hepatic venous pressure gradient (HVPG),
particularly at lower HVPG values (< 10-12 mmHg).
This represents a complex relationship, which was
[139]
less apparent at higher HVPG values
. It has
been stated that the “progressive rise in portal pres
sure...[is]…due mainly to an increase in intrahepatic
vascular resistance from the accumulation of fibrillar
[140]
extracellular matrix”
. However, increased arterial
and portal inflow may contribute directly to the liver
stiffness, while haemodynamic changes characteristic of
advanced portal hypertension, including extrahepatic
haemodynamic changes, may not be detected by
changes in liver stiffness.

Inflammation and cell turnover

Hepatic inflammation is associated with cellular inflam
matory infiltrate, tissue oedema and hepatocyte
swelling. Each of these is likely to affect the physical
properties of liver tissue and, as such, can be
measured by imaging modalities. These properties
include: nuclear relaxation (T2), assessed by MR
techniques; water perfusion and diffusion, as assessed
by DWI; liver stiffness; changes in attenuation,
assessed by CT and echogenicity, assessed by B-mode
ultrasound.

Liver stiffness

Intrahepatic vascular changes

Vascular remodeling is increasingly seen as a patho
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®

The association between liver stiffness on Fibroscan and
disease activity, or necroinflammatory score on his
tology has been shown by a step-wise increase of
liver stiffness measurements (LSM) with necroinflam
matory activity in a cohort of patients with disease of
[143]
varied aetiology
. The relationship between LSM
and biochemical activity in patients with chronic viral he
®
patitis has also been studied using Fibroscan . The LSM
was lower, stage-for-stage, in those with biochemical
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remission (assessed by ALT) than those with a higher
[144]
ALT . Studies have specifically addressed the effect
of hepatic inflammation on LSM. In one, 18 patients
without a past history of liver disease, but with acute
®
viral hepatitis, were studied. The LSM on Fibroscan at
the peak aminotransferase level exceeded 12kPa (the
cut-off for prediction of cirrhosis) and furthermore, in
all but one subject, the LSM returned to within normal
range (below 7kPa). In addition, the LSM correlated
with the aminotransferases at onset and with the
[145]
®
AST at follow-up
. In another Fibroscan paper,
20 patients with acute hepatitis of varying aetiology
were studied. In those followed up longitudinally, the
aminotransferases returned to a level commensurate
[146]
with the fibrosis stage at biopsy . While it is known
that acute hepatitis is associated with an inflammatory
infiltrate, tissue oedema and hepatocyte swelling,
(all of which are likely to affect LSM), there was no
histological confirmation of these features in these
[147]
studies, as liver biopsy was not clinically indicated .
The development of ultrasound-based TE has
enabled the rapid acquisition of objective liver stiff
[65]
ness measurements in vivo . Multiple regression
analysis in early studies demonstrated a relationship
between elasticity measurements and fibrosis stage,
but not to the histologically-measured disease
activity, necroinflammatory score or the degree of
[65,66]
steatosis
. A number of studies have confirmed the
correlation between liver stiffness and hepatic fibrosis
[66,148]
in chronic HCV infection
, and other chronic
[149-151]
hepatic conditions
with meta-analyses and
[68,152]
systematic reviews also being recently published
.
However, studies have also indicated the presence
of co-existing factors that may contribute to liver
stiffness, including inflammation, portal hypertension
[137,147,150,151]
and possibly steatosis
. It has also been
stressed that “biological tissue is a composite material
and it is difficult to separate the influence of each
component of the tissue on the total in modulus esti
[153]
mates” . Substantial differences in cut-off values for
®
cirrhosis have been observed on Fibroscan between
those with chronic hepatitis and those with alcoholrelated chronic liver disease and NAFLD, perhaps
representing modification of liver stiffness by coexisting
[150,151,154]
fat
. Thus, there is circumstantial evidence that
steatosis affects liver stiffness although the magnitude
of the effect is likely to be smaller than that of other
contributing factors, such as fibrosis, inflammation and
portal hypertension.

cirrhosis to at least some degree. However, recent
evidence suggests that various combinations of these
techniques may be helpful both as an alternative to
liver biopsy, which has significant associated morbidity
and mortality, and as a cost-effective tool to identify
sub-clinical disease.

SUMMARY OF KEY POINTS
Chronic liver disease develops over many years
following ongoing injury and is characterised by
progressive scarring caused by fibrosis. Hepatic
steatosis is increasingly being recognised as an
important factor in a number of chronic liver diseases
and occurs when the rate of synthesis or import of
fatty acids by hepatocytes exceeds the rate of export
or catabolism. Serum markers measure both direct
and indirect markers of liver fibrosis although these
have had limited success as individual markers of
fibrosis. Imaging modalities to assess liver disease
can be used to quantify morphological changes,
portal hypertension, vascular remodelling and
liver stiffness associated with increasing fibrosis.
The most widely used and successful of these are
transient elastography and acoustic radiation force
impulse imaging although MRI techniques are very
promising. Combination techniques involving transient
elastography and various serum markers can provide
good diagnostic accuracy and a reduced need for liver
biopsy in patients with significant fibrosis. This has also
proved successful as a screening tool in for patients in
a community setting.
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Video capsule endoscopy (VCE) has been applied
in the last 15 years in an increasing field of applica
tions. Although many contraindications have been put
into perspective, some precautions still have to be
considered. Known stenosis of the gastrointestinal tract
is a clear contraindication for VCE unless surgery is
already scheduled or at least has been considered as an
optional treatment modality. In patients with a higher
incidence of stenosis, as in an established diagnosis
of Crohn’s disease, clinical signs of obstruction, prior
radiation or surgical small bowel resection, a preceding
test with the self-dissolving patency capsule can
override this contraindication. Endoscopic placement
of the capsule should be considered in patients with
swallowing disorders to avoid aspiration. Esophageal
or gastric motility disorders may require endoscopic
capsule transport or application of prokinetics if the
real-time viewer proofs delayed transit. In pregnant
women, VCE should be restricted to urgent cases where
diagnosis cannot be postponed after delivery, as data
on safety are missing. There is theoretical and clinical
evidence that patients with implanted cardiac devices
such as a pacemaker, cardioverters or left heart assist
devices, can safely undergo VCE in spite of still existing
contraindication by manufacturers. Children from the
age of 2 years have safely undergone VCE. Although
video capsules are not proven safe with magnetic
resonance imaging (MRI), first single cases of patients
incidentally undergoing MRI with an incorporated
capsule have been reported, showing susceptibility
artifacts but no signs of clinical harm.
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of VCE studies have been performed worldwide. For
example, Covidien/Medtronic announced that more
than 1.5 million PillCam capsules were used by the end
of 2014. With this vast clinical experience, many of the
initially pronounced contraindications can now be put
into perspective.
This review summarizes the contraindications
to VCE provided by the manufacturers and critically
analyzes the theoretical reasons, the existing clinical
evidence in the literature and technical data, as well as
statements and guidelines of national or international
societies.

resonance imaging
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Video capsule endoscopy has emerged as a
first line diagnostic tool for small bowel visualization.
The few existing contraindications are discussed in
this review and put into perspective. Special situations
are to be considered for patients with gastrointestinal
stenosis, swallowing and motility disorders, or implanted
electromagnetic cardiac devices, pregnant women,
young children, and magnetic resonance imaging for
patients with a retained capsule. Appropriate precautions
are discussed in this paper.

CONTRAINDICATIONS FOR VCE
BASED ON MANUFACTURERS’
RECOMMENDATIONS

Bandorski D, Kurniawan N, Baltes P, Hoeltgen R, Hecker M,
Stunder D, Keuchel M. Contraindications for video capsule
endoscopy. World J Gastroenterol 2016; 22(45): 9898-9908
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i45/9898.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i45.9898

Listed below (Table 1) are the contraindications
and relative contraindications for VCE as stated by
the manufacturers. Detailed contraindications are
summarized based on the underlying pathophysiology
(i.e., radiation enteritis, large small bowel tumor,
extensive abdominal surgery, extensive small bowel
or colon diverticulosis, GI perforation and fistulas are
summarized under GI obstruction/obstacles).

INTRODUCTION
Video capsule endoscopy (VCE) was introduced in
2001 as a well-tolerated, non-invasive, radiation free,
disruptive method to visualize the gastrointestinal
(GI) tract, in particular the small bowel. The wireless
video capsule consists of one or more cameras with
a corresponding lens and light source, batteries, a
video chip, and an electronic circuit to either store
or transmit the captured images. Depending on the
manufacturer, the capsule measures 24-32 mm in
length and 11-13 mm in diameter. The capsule is
swallowed by the patient and then progresses through
the gastrointestinal tract by peristalsis until it is
excreted naturally. Only the colon capsule endoscopy
needs an additional booster-solution during the
procedure. The most commonly used VCE systems
transmit the captured images in real-time to an
external sensor array and recorder. The transmission
technique is based on radiofrequency (Pillcam,
Medtronic plc, Dublin, Ireland; EndoCapsule, Olympus
Medical Systems Corp., Tokyo, Japan; OMOM capsule,
Jinshan Science and Technology Co. Ltd., Chongqing,
China) or electrical current via Human Body Com
munication (MiRoCam, IntroMedic Co. Ltd., Seoul,
South Korea). Images captured by the CapsoCam
capsule (CapsoVision Inc., Saratoga, CA, United
States) are stored on-board in an integrated flashdrive, thus obviating the need for an external recorder,
but requiring retrieval of the capsule to download the
[1]
data .
Based on these properties of VCE systems and
the modality of the procedure, contraindications were
established by the manufacturers. Up to today, millions

WJG|www.wjgnet.com

VCE IN PATIENTS AT RISK FOR
GASTROINTESTINAL STENOSIS
Known or suspected obstruction of the gastrointes
tinal tract bears the risk of capsule retention and
consecutive complications. Intestinal obstacles like
extensive diverticulosis or fistulas can have a similar
effect. Capsule retention is defined by consensus
as having a capsule endoscope remaining in the
GI tract for a minimum of 14 d or if a directed me
dical, endoscopic or surgical intervention has to
[2]
be implemented to retrieve the capsule . The con
sequences of capsule retention can be a total or
[3]
[4,5]
subtotal obstruction , gastrointestinal perforation ,
[6]
or capsule disintegration . As these rare complications
may occur late in previously asymptomatic patients,
retrieval of a retained capsule should be considered. A
case report has documented asymptomatic retention
for up to 12 years. This 43-year-old patient underwent
procto-colectomy for familial adenomatous polyposis
(FAP) in 2000 and capsule endoscopy in a pilot study
in 2004. The patient was lost at follow-up. In 2016 an
abdominal computed tomography (CT) detected the
capsule proximal of an anastomotic stricture. After
failed endoscopic retrieval, the capsule was recovered
[7]
surgically . This very rare necessity of surgery for
retrieval is the reason that some manufacturers include
the inability to undergo surgery as a contraindication
for VCE.
In a systematic review of 22840 VCE procedures,
the overall retention rate was as low as 1.4% (CI:
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Table 1 Contraindications by manufacturer
Product
Condition

Medtronic
Patency
capsule

Known or suspected GI obstruction/obstacles, Fistulae,
relevant (small bowel) diverticulosis
Motility disorder incl. indigestion or slow gastric emptying
Cardiac pacemakers or other implanted electromedical devices
Swallowing disorder (dysphagia)
Pregnancy
Children under the age of (yr)

Medtronic
PillCam

Olympus
EndoCapsule

IntroMedic
Mirocam

Capsovision
CapsoCam

Jinshan
Science
OMOM
capsule

C

C

C

C

RC

C
C
C
C

C
C
C
C
2

C

C
C

C

C

C
C
RC
2 (SB3)
18 (Colon, Eso)

C
2

Strong electromagnetic fields i.e., MRI
Inability to endure capsule retrieval surgery
Inability to communicate sufficiently
Concomitant heart disease or epilepsy (due to electromagnetic
radiation)

C
C

RC
RC
RC

C
C
C

PillCam Rapid 8 User Manual (DOC-2051-02) http://www.medtronic.com/content/dam/covidien/library/us/en/product/diagnostic-testing/rapid-v83user-manual.pdf; Olympus EC 10 System User Manual (DE-8602257); IntroMedic Mirocam User Manual v3.9 (MM1100-U-1511); Capsovision CapsoCam
SV1 Manual (Doc. No. 1151, Rev. G, ECO 11-0098; OMOM User’s Manual Version 1 (ZSSM-OM00-002). C: Contraindication; GI: Gastrointestinal; MRI:
Magnetic resonance imaging; RC: Relative contraindication.

1.2-1.6). Categorized by indication, retention rates in
obscure gastro-intestinal bleeding (OGIB) were 1.2%
(CI: 0.9-1.6), in Crohn’s disease (definite or suspected)
2.6% (CI: 1.6-3.9) and in the neoplastic lesions
subgroup 2.1% (CI: 0.7-4.3). Out of 104 reported
capsule retentions, 88 were asymptomatic (85%) and
16 had signs of partial or total intestinal obstruction. Of
the retained capsules 58.7% were removed surgically,
12.5% endoscopically, or passed either spontaneously
or after medical treatment in 15.8%, others were not
reported in detail. In 136 cases a cause for retention
was reported: Crohn’s disease 35.3%, neoplastic
lesions 22.1%, NSAID-induced enteropathy 18.4%,
postsurgical stenosis 7.4%, ulceration 3.7%, intestinal
adhesion 2.9%, tuberculosis or radiation enteritis
each 2.2%, ischemia-induced stenosis, Meckel’s
diverticulum or pouch each 1.5%, peptic ulcer scar
with stricture or cryptogenic multifocal ulcerous
[8]
stenosing enteritis each 0.7% . In addition, case
reports documented capsule retention in a Zenker’s
[9]
[10]
diverticulum , a duodenal diverticulum , in an ileo[11]
[12]
rectal fistula , in a epiphrenic diverticulum , and
[13]
the appendix orifice .
An analysis of 5428 VCE procedures in Spain came
to a similar conclusion. The overall retention rate was
1.9%, and 1.5% in the OGIB subgroup and 3.3% in
the inflammatory bowel disease subgroup. Retention
rate raised to 5.7%-30% if at least two of these
clinical symptoms were present prior to the VCE study:
[14]
abdominal pain, distension and nausea/vomiting .
In patients with suspected GI obstruction a patency
test capsule can be administered prior to the actual
VCE study. If the capsule is excreted intact within 30
h, GI patency is presumed. After 30 h the lactose body
of the patency capsule dissolves, leaving only a slim
[15]
cellophane coating and a small tag . Passage of an
[16]
intact patency capsule predicts uneventful VCE .
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Established Crohn’s disease is an indication for
capsule endoscopy with an increased rate of capsule
retention. A Swedish analysis found an odds ratio of
9.39 (95%CI: 3.32-26.54, p < 0.001) for capsule
retention in patients with known Crohn’s disease
[17]
compared to bleeding indication . Even if current
studies could not confirm retention rates of 13% as
reported in the era before the advent of the patency
[18]
capsule , a retention rate of 2%-3% seems to be
[19]
realistic . Clinical assessment, MR-enteroclysis and
the use of a patency capsule can help to identify highrisk patients.
In a retrospective study 134 patients with known
Crohn’s disease underwent VCE. Patients with
obstructive symptoms, a history of bowel obstruction
and NSAID/aspirin medication were previously
excluded and 1/3 had prior small bowel follow through.
Although no patency capsule test was performed on
this selected group of patients, no cases of a capsule
[20]
retention were observed . This is in accordance with
a recent retrospective multicenter study including
406 patients with known Crohn’s disease. A patency
capsule test in every patient with Crohn’s disease did
not show a reduction in the capsule retention rate
compared to a selective use of the patency capsule
in high risk patients with clinical signs of obstruction,
[19]
or prior abdominal surgery . In a prospective
study, 57 patients with known Crohn’s disease and
mild symptoms or in remission, who underwent MRenteroclysis evaluated by two radiologists, had a
good sensitivity (92.3% and 100%, respectively)
and a negative predictive value (96.3% and 100%,
respectively) for retention of the patency capsule as a
[21]
predictor for functional stenosis test .
In 2009 the joint consensus of the Organisation
Mondiale d’Endoscopie Digestive and the European
Crohn’s and Colitis Organization recommended using
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imaging techniques before VCE in suspected Crohn’s
[22]
disease . However, in 2015 based on broader evidence,
the European Society for Gastrointestinal Endoscopy
(ESGE) recommended not using cross sectional imaging
or patency capsule before VCE in patients with suspected
Crohn’s disease in the absence of obstructive symptoms.
In contrast, in established Crohn’s disease, imaging
techniques and patency capsule are recommended to
[23]
precede VCE .
Patients with a small bowel (SB) tumor seem to
have a slightly higher risk of retention. A suspected
tumor as an indication for VCE was associated with
[17]
an odds ratio of 3.9 (95%CI: 1.2-12.8, p = 0.026) .
However, clinical symptoms of such tumors are
typically bleeding or iron deficiency anemia. As tumors
only present in a small subgroup of patients presenting
with bleeding/anemia, retention even in this subgroup
is rare, mostly asymptomatic, and diagnostic rather
than a complication, ESGE recommends against
routine precautious tests before VCE in bleeding
patients. However, if a tumor is suspected by imaging
techniques, device assisted enteroscopy with the
[23]
option of obtaining histology is preferred over VCE .
In sum, suspected or known GI stenosis is a con
traindication unless intestinal patency is proven, best
by the passage of an intact patency capsule. The risk
for capsule retention should be assumed in patients
with known Crohn’s disease, clinical or radiologic signs
of obstruction, a history of abomino-pelvic radiation,
and after small bowel resection. Patients undergoing
VCE for mid-GI bleeding without the above risks do
not require preceding radiology or a patency capsule.

experimental, known or yet undiagnosed motility
disorders may jeopardize routine VCE performed for
other indications. Prolonged esophageal or gastric
passage may lead to incomplete visualization of
the small bowel, i.e., the cecum is not reached
during working capacity of the batteries. Moderate
prolongation seems to be compensated by longer
[30]
battery life span in newer capsule generation .
VCE systems using an external recorder have
the ability to display transmitted images in real-time
[31-33]
during the procedure
. Significantly prolonged
gastric transit time can be identified by this real-time
[34]
viewer and a prokinetic agent can be administered .
A single center study reported a higher completion rate
and diagnostic yield when a real time viewer was used
and the capsule was placed endoscopically into the
duodenum in the case of prolonged gastric transit time
[35]
(> 60 min) . The unselected primary endoscopic
placement of the capsule into the duodenum to
circumvent possible gastroparesis had no effect on
complete small bowel visualization in a single center
analysis of 687 hospitalized or out-patients compared
[36]
to swallowing the capsule . In a prospective singlecenter study including 100 VCE studies, a pathologic
Gastroparesis Cardinal Symptoms Index questionnaire
could not predict a prolonged gastric transit time
nor did a delayed gastric passage have any clinical
[37]
significance .
GI motility disorders are no contraindication for
VCE. The routine use of a real time viewer directly
after swallowing the capsule and after an hour enables
detection of aspiration (see below) and esophageal or
gastric retention and consecutive intervention.

VCE IN PATIENTS WITH MOTILITY
DISORDERS

VCE IN PATIENTS WITH IMPLANTABLE
CARDIAC DEVICES

VCE is not indicated for the diagnosis of GI motility
disorders. For this purpose, a specifically designed,
non-imaging wireless motility capsule (SmartPill,
Medtronic plc, Dublin, Ireland) has been developed.
Data from sensors measuring pH, pressure, and
temperature are transmitted wirelessly for up to 5 d
allowing diagnosis of gastroparesis, and prolonged
transit times in the small bowel, colon or combined
[24-27]
disorders
.
Nevertheless, standard video capsule was applied
in 18 patients with chronic intestinal dysmotility in
the search for associated mucosal lesions. Three
capsules were retained in the stomach for > 2 h, one
of them during the entire recording time. However,
no permanent retention, symptoms, or need for
[28]
interventional treatment occurred . Another study
included 36 patients with severe symptomatic
intestinal motor disorders for analysis of VCE image
patterns compared with controls. No adverse events
[29]
were mentioned in this report .
Although indication of VCE for diagnosis of
GI motility disorders has yet to be considered as
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The radio transmitters of the first capsule endoscopes
work with a carrier frequency of 434.1 MHz in PillCam
and 433.8 MHz in EndoCapsule, similar to the C-Net
mobile cellular system (450 MHz). The frequency in
the newly available OMOM Capsule is 2.4 GHz. Two
studies revealed electromagnetic interference (EMI)
between cardiac pacemakers (PM) and the C-Net
mobile cellular system in 22.4%-30.7% of the tested
[38,39]
pacemakers
. However, the radiated power of C-Net
mobile phones with 2 W is several factors higher than
that of VCE with max. 100 nW. EMI with implantable
cardiac devices at 2.4 GHz was also investigated
[40,41]
in two studies
showing no risk of interference.
Nevertheless, users of VCE estimated EMI between
capsules and cardiac devices possibly being lifethreatening for patients. Since the introduction of
VCE, several in vitro and in vivo studies analyzed EMI
between VCE (PillCam and EndoCapsule) and PMs
[42-44]
[44-54]
(in vitro:
; in vivo:
), implantable cardioverter
[55,56]
[45-48,54,56-59]
defibrillators (ICD) (in vitro:
; in vivo:
)
and left ventricular assist devices (LVAD) (in vitro:
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[52,60-68]

none, in vivo:
).
In order to simulate electrical interactions under
physiological conditions in patients, the authors of in
[43,44]
vitro studies positioned PMs
or ICDs in a saline
solution with a resistivity corresponding to that of
muscle tissue. No interference with any of the PMs
was observed. In Dubner’s study in one ICD (Belos
DR, Biotronik), interference occurred reproducible
when placing a test cap (technical data corresponding
to first generation PillCam SB1 video capsule) over
the ring and the shock coil electrode, but not over
the pulse generator itself. This could still be verified
[56]
even at 30 cm distance from the ICD system .
However, the reason for EMI remained unclear, and
in vivo validation was missing. This observation is in
contrast to our results. We tested five Belos ICDs and
found no interference by the capsules at all, even
though the devices were investigated in the most
[54]
sensitive setting . Furthermore, there are several
in vivo studies investigating interference between
VCE and PMs and ICDs. Interrogation of the devices
(in all or some patients) either before and/or after
[44,46-48,52-54]
VCE was performed in some studies (PM:
;
[48,52,54,57-59]
ICD:
) whereas (all or some) patients in
other studies were monitored with ECG monitor,
[44-54]
[44-49,52,54,57-59]
telemetry or clinically (PM:
ICD:
).
No interference with any of the PMs or ICDs in in vivo
studies was observed. Relevant interference of wireless
telemetry has been observed. In some cases, VCE
[46,47,51]
videos had been corrupted
. If cardiac monitoring
is necessary during VCE, wired systems should be
used.
With regard to different capsule types, PillCam
SB1, SB2, PillCam Colon1, and Olympus EndoCapsule
have been studied. For the new PillCam SB3 and
PillCam Colon2 with additional remote signals from the
DR3 recorder to the capsule in order to adapt frame
[69]
rates , studies are still warranted.
Only one study investigated EMI between the
MiroCam endoscope that uses human body com
munication to transmit data and PMs (n = 3) and ICDs
[70]
(n = 3) . VCE was safely performed in patients with
PMs and ICDs, and images from capsule endoscopy
were not affected by cardiac devices. Studies relating
to EMI between OMOM-Capsule and cardiac devices
are lacking. For CapsoCam with on board storage of
images without transmission, interference with cardiac
devices is not possible.
EMI between VCE and LVAD was investigated in 10
[52,60-68]
in-vivo studies
. No interference was observed in
any of the studies.
The United States Food and Drug Administration
(FDA) and the manufacturers of transmitting capsules
(Medtronic GI solutions, Olympus, IntroMedic, and
Jinshan) recommend not using VCE in patients with
cardiac devices. For CapsoCam without transmission
technology there is no such formal contraindication.
Guidelines of the ESGE state that VCE is not
[71]
contraindicated in patients with PM or ICD , whereas
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the American Society of Gastrointestinal Endoscopy
guidelines consider cardiac devices as a relative
[72]
contraindication for VCE . The German Society of
Gastroenterology, Digestive and Metabolic diseases
recommends not withholding VCE in patients with
a proper indication regardless of implanted cardiac
[73]
devices .
In accordance with the recommendations of the
Biotronik and Medtronic Cardio vascular group, VCE
[74,75]
can be used in patients with cardiac devices
,
whereas statements from other manufacturers are not
available. Technical data (maximum effective radiated
power or output current and transmitter frequency)
of VCE (Medtronic, Olympus, Jinshan, IntroMedic)
and of the remote transmitting PillCam recorder DR3
were made available to two of the authors (Bandorski
D, Stunder D). Based on this data, the maximum
electromagnetic radiation in close proximity (5 mm)
was calculated for VCE of Medtronic, Olympus, Jinshan
as well as for Medtronic recorder DR3. Likewise,
for VCE of IntroMedic the maximum obtainable
interference voltage at the input of cardiac devices due
to the human body communication was evaluated.
The determined values are below the safety objectives
set by the international product standard for cardiac
[76]
devices (ISO 14117) by a factor of 8 to 85.
In conclusion, VCE is safe in patients with PMs/ICDs
based on technical data and in vitro/in vivo studies.
The automatic frame rate control by transmitting a
reverse signal from the recorder (DR3) to the capsule
also remains without interference. Technical data of
manual remote switching between different image
acquisition rates in OMOM capsules are lacking.
Wireless telemetry can impair recording of VCE
images. Regarding patients with LVAD VCE seems to
be safe according to in vivo results.

VCE IN PATIENTS WITH SWALLOWING
DISORDERS
Capsule aspiration is a rare complication of VCE with
[77,78]
a presumed incidence of 1 in 600-700
. Oral
ingestion of the capsule is therefore contraindicated
in patients with known swallowing disorder. Yet it
is difficult to predict the patient’s ability to swallow
the capsule safely. Aspiration was reported even if a
patency capsule had been administered successfully
[79]
prior to the procedure
or a barium swallow was
[78]
uneventful . In a series of 15 well-documented
cases of capsule aspiration, only three patients had a
history of dysphagia. The leading symptom during the
[80]
aspiration was coughing (12/15) , which can stop
[81]
even if the capsule is still within the trachea . The
aspiration resolved spontaneously by coughing (9/15)
[80]
or via endoscopic retrieval (6/15) .
In one case, asymptomatic retention of a capsule for
6 d within in a bronchus and consecutive spontaneous
[82]
passage through the GI tract was reported . However,
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one patient with capsule aspiration experienced fatal
extensive intracerebral hemorrhage, either provoked
by initial coughing or during consecutive endoscopy for
[83]
retrieval .
In case of an increased risk of aspiration, the
capsule should be placed endoscopically directly
[73]
into the duodenum . This can be achieved via an
[84]
overtube
or a special endoscopic delivery device
(AdvanCE, US Endoscopy, Mentor, Oh, United
[85]
States) . Endoscopic placement with a Roth net is
another alternative, but is more frequently associated
with mucosal trauma in children than application with
[86]
the dedicated delivery device .
In conclusion, swallowing disorders with the
inability to safely swallow the capsule are a con
traindication for standard procedure. However, if
endoscopic placement is applied, VCE can be safely
performed. The clinical challenge is the identification
of patients at risk. Older patients, a history of cerebral
stroke, bleeding or trauma, require a thorough history,
and test for swallowing function. Children may have a
test with swallowing a marshmallow.

for the highest exposure group (20 or more exposures/
[91]
month) . Although microwaves have a higher
frequency - from 300 to 3000 MHz - than radio waves,
the radio waves used by endoscopic capsules (e.g.,
434 MHz for PillCam and EndoCapsule) are within the
lower range of microwaves. Another comparator are
effects caused by mobile phones with a much higher
power than video capsules but not reaching proximity
to the unborn as an intra-abdominal source of radio
waves. This risk is not relevant for CapsoCam without
electro-magnetic emission.
In conclusion, elective capsule endoscopy should
be postponed after delivery due to missing data.
Nevertheless, VCE may be considered in indications
related to maternal symptoms not allowing delay
of diagnosis as in relevant small bowel bleeding.
Accordingly, the FDA assesses pregnancy only as a
[92]
relative contraindication to VCE .

VCE IN CHILDREN
There has been an increased use of VCE in the
pediatric population due to the possibility of avoiding
ionizing radiation, deep sedation and general
[93]
anesthesia . The main issue of VCE in children seems
to be the ability to voluntarily swallow the capsule
and the fear of the capsule not being able to pass the
[94]
narrow GI tract .
Since it was introduced, the minimum age of VCE
has been lowered by the manufacturers and the FDA.
In 2009 the FDA approved VCE for children of 2 years
or older. The youngest age of a child undergoing a VCE
[95]
study was 8 mo , and the lowest weight was 7.9
[96]
kg . Voluntary ingestion seems feasible at an age
[94]
older than 6-8 years , and has already been reported
[86]
in a child of 4 years . However, the manufacturer of
PillCam recommends not letting children under the age
of 8 years swallow the capsule. If endoscopic delivery
is necessary, the AdvanCE delivery device was superior
to the Roth-net, which caused significant mucosal
[86]
trauma in 50% in a multicenter trial .
There have been no reports of a capsule aspiration,
perforation or complete small bowel obstruction in the
studies and meta-analyses of more than 1000 VCE
[86,93,95-98]
studies with children
. In the largest metaanalysis, the retention rate was 2.3%. The risk for
retention was higher in known inflammatory bowel
disease (IBD 5.2%), a small bowel follow through
suggestive of Crohn’s disease (CD 35.7%), and the
combination of a body-mass-index below the 5th
percentile and known IBD (43%). Retention rates by
indication were 1.2% for OGIB, 2.6% for CD, and 2.1%
[93]
for neoplastic lesions . In patients with an increased
risk of small bowel obstruction, a patency capsule test
[97,98]
may reduce the risk of retention
. Guidelines of
the Spanish Societies for Pediatric Gastroenterology,
Hepatology, and Nutrition (SEGHNP) and for Digestive
Diseases (SEPD) recommend that in suspected or
established Crohn’s disease, magnetic resonance

VCE IN PREGNANCY
During pregnancy the growing uterus compresses
the GI tract. Additionally, gastrointestinal transit is
[87]
prolonged in the second and third trimester , which
theoretically may jeopardize VCE procedure. There
are only two published cases of VCE studies about
pregnant women. Both reported no adverse events
including no retention. The first case was a 30-yearold woman with extensive GI bleeding. A conventional
upper endoscopy was uneventful. Lower endoscopy
showed fresh blood coming out of the ileocecal valve.
VCE revealed an ulcerated jejunal neuroendocrine
tumor. Emergency surgery was successful and mother
[88]
and child were alive and well . The second case was
a 20-year-old woman with a history of cavernous
transformation of the portal vein with secondary
thrombosis after omphalitis at the age of two.
Esophageal varices were treated with sclerotherapy
and banding at age 13 and 15. Due to the high risk of
upper GI bleeding during pregnancy, the esophagus
was examined through the PillCam ESO capsule. No
esophageal or gastric varices were detected. The VCE
study was uneventful with mother and child alive and
[89]
well . The theoretical short-term risk of retention due
to altered GI motility in advanced pregnancy was not
observed in either of these two cases.
However, there is no data on whether the elec
tromagnetic field of the capsule-recorder-system could
harm the unborn child. For comparison, mobile phones
[90]
seem to have no negative effect . In contrast,
pregnancies of mothers reporting microwave use 6
mo prior to the pregnancy or during the first trimester
were more likely to result in miscarriage (OR = 1.28,
95%CI: 1.02-1.59). The odds ratio was raised with an
increasing level of exposure with an odds ratio of 1.59
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[104]

enterography or patency capsule should precede VCE
[94]
in cases of obstruction symptoms .

in 37/49 patients (76%)
. Another pilot trial from
Japan, where sodium phosphate is contraindicated in
hypertensive patients older than 63 years, proposed a
diluted Gastrografin solution as an alternative booster
based on a capsule excretion rate during recording of
[105]
97% (28/29 patients) .

MAGNETIC RESONANCE IMAGING
IN PATIENTS WITH INCORPORATED
CAPSULE

CONCLUSION

As no testing on magnetic resonance (MR) com
patibility of VCEs has been conducted, the FDA
requested a warning that a patient should not undergo
magnetic resonance imaging (MRI) until excretion
[99]
of the capsule has been verified . The feared
theoretical complication of performing an MRI scan
while a capsule is still within the GI tract is migration
of the capsule and the potential for bowel injury or
[100]
perforation due to heat or high forces
. There are
only few reported cases of MRI scans in patients with
retained video capsules. In one case, an emergency
MRI of the lumbar spine was ordered due to acute
lumbar radiculopathy. The localizing sequence showed
a focal susceptibility and the MRI was terminated, the
[100]
capsule was excreted two days later
. In another
case, an MRI was performed in a patient with a
recurring Crohn’s disease. The MRI revealed a capsule
that had been retained for two years due to a stenosis.
The capsule was retrieved endoscopically with prior
[101]
dilatation of the stenosis
. The third case was also
a patient with symptoms of recurring Crohn’s disease.
An MRI was performed shortly after VCE with the
[102]
capsule still lying in the colon
. None of the three
cases reported adverse events. Due to the interference
of the MRI scan, VCE had no diagnostic value.
Unpublished personal experience with three other
patients incidentally undergoing abdominal MRI with
an incorporated VCE confirms these initial reports.

Non-invasive VCE is safe, and formal contraindications
can be put into perspective when observing some
precautions. Based on uneventful clinical application
in children, the minimum age has been lowered to 2
years. There is positive in vitro and in vivo evidence
that cardiac pacemakers and defibrillators are no
contraindication to VCE. Due to missing data, VCE in
pregnancy should only be performed in very limited
indications in cases where a delay of diagnosis until
after delivery may put the mother or the unborn
at risk. MRI with retained video capsule should be
avoided, although the first reports describe only
artifacts prohibiting proper image analysis but no harm
to the patient. Suspected, known, or likely GI stenosis
is a contraindication to VCE unless patency has been
proven, or surgery is scheduled and preceding VCE
might provide additional relevant information.
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Therapeutic approaches for portal biliopathy: A systematic
review
Irene Franceschet, Alberto Zanetto, Alberto Ferrarese, Patrizia Burra, Marco Senzolo

Abstract

Irene Franceschet, Alberto Zanetto, Alberto Ferrarese,
Patrizia Burra, Marco Senzolo, Gastroenterology Unit,
Department of Surgery, Oncology and Gastroenterology,
University Hospital of Padua, 35128 Padua, Italy

Portal biliopathy (PB) is defined as the presence of
biliary abnormalities in patients with non-cirrhotic/nonneoplastic extrahepatic portal vein obstruction (EHPVO)
and portal cavernoma (PC). The pathogenesis of PB is
due to ab extrinseco compression of bile ducts by PC
and/or to ischemic damage secondary to an altered
biliary vascularization in EHPVO and PC. Although
asymptomatic biliary abnormalities can be frequently
seen by magnetic resonance cholangiopancreatography
in patients with PC (77%-100%), only a part of these
(5%-38%) are symptomatic. Clinical presentation
includes jaundice, cholangitis, cholecystitis, abdominal
pain, and cholelithiasis. In this subset of patients is
required a specific treatment. Different therapeutic
approaches aimed to diminish portal hypertension
and treat biliary strictures are available. In order
to decompress PC, surgical porto-systemic shunt
or transjugular intrahepatic porto-systemic shunt
can be performed, and treatment on the biliary
stenosis includes endoscopic (Endoscopic retro
grade cholangiopancreatography with endoscopic
sphincterotomy, balloon dilation, stone extraction,
stent placement) and surgical (bilioenteric anastomosis,
cholecystectomy) approaches. Definitive treatment
of PB often requires multiple and combined inter
ventions both on vascular and biliary system. Liver
transplantation can be considered in patients with
secondary biliary cirrhosis, recurrent cholangitis or
unsuccessful control of portal hypertension.
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therapy; papers about PVT treatment.
A total of 118 articles were initially retrieved. Of
these, 69 were excluded according to inclusion/exclusion criteria and the remaining 49 papers were
included in this review (Figure 1).

Core tip: Portal biliopathy in patients with portal vein
thrombosis and portal cavernoma can be symptomatic
in about 5%-38% of patients. Therapy includes
endoscopic and surgical approaches aimed to improve
both portal hypertension and biliary alterations and
clinical manifestation. Usually, multiple and combined
treatments are required to resolve portal biliopathy.

PATHOGENESIS
The development of PB in PC is due to two main
mechanisms: a mechanical compression ab extrinseco
of bile ducts (mainly hepatic biliary duct and common
bile duct) by both the PC and the numerous compensatory collateral vein circles that arise after EHPVO
formation, and an ischemic damage secondary to the
altered vascularization due to EHPVO and PC.
Normally, venous drain of biliary tree is serviced
by epicholedochal venous plexus of Saint and the
paracholedochal plexus of Petren, whom normally
diameter does not exceed 1 mm. In chronic portal
vein obstruction these plexus are dilated in response
to portal hypertension leading to thickening of biliary
duct walls and compression, often with a characteristic
[9-11]
radiological/endoscopic image of virtual lumen
. In
particular, dilation of plexus of Saint causes fine irregularities in biliary walls while dilation of plexus of Petren
causes extrinsic compression.
The ischemic damage seems to be related to deficient portal blood supply of the biliary tree secondary
to EHPVO and PC and to thrombosis of small bile duct
[9]
venules, resulting in strictures formation and fibrous .
The prevalence of biliary strictures due to a mechanical
compression is about 55% among patients with PB,
on the contrary in 45% of cases there was no relationship between stenosis localization and severity and
cavernoma/collateral vein compression, suggesting the
[12]
preponderance of ischemic damage in these cases .
However, both mechanisms can contribute at the same
time in PB pathogenesis.
The bile stasis secondary to biliary strictures and
hypothetic changes in bile compositions (increased
pigment load due to hypersplenism, abnormal enterohepatic circulation of bile acids due to portal hyperten[13]
sion) can contribute to stones formation .

Franceschet I, Zanetto A, Ferrarese A, Burra P, Senzolo M.
Therapeutic approaches for portal biliopathy: A systematic
review. World J Gastroenterol 2016; 22(45): 9909-9920
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i45/9909.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i45.9909

INTRODUCTION
Portal biliopathy (PB) is a clinical condition defined
as the presence of abnormalities in the biliary tree
(including biliary tree and gallbladder) in patients
with non-cirrhotic/non-neoplastic extrahepatic portal
vein obstruction (EHPVO) and portal cavernoma
[1]
(PC) . In literature, this disease has been named as
[2]
“portal hypertensive biliopathy” , “portal cavernoma[3]
associated cholangiopathy” , “portal cavernomachol[4]
angiopathy” , “cholangiopathy associated with portal
[5]
[6]
hypertension” , “pseudosclerosing cholangitis” and
[7]
“pseudocholangiocarcinoma” due to the fact that PB
biliary alterations can mimic sclerosing cholangitis or
cholangiocarcinoma, respectively.
The spectrum of biliary abnormalities shown at
magnetic resonance cholangiopancreatography (MRCP)
includes intra- and extra-hepatic biliary stenosis (single
or multiple), with or without consensual above dilation; bile duct wall irregularity or thickening; bile duct
angulation, varicose veins located at the ductular walls
[3,8]
and gallbladder .
The aim of this paper is to analyse PB clinical
approaches based on classification and characteristics
of portal biliopathy through a systematic review of the
literature.
For this purpose, a systematic search on MEDLINE
was conducted spanning April 1990 to April 2016.
Studies were identified using the following terms: “portal biliopathy” OR “portal cholangiopahty” OR “pseudosclerosing cholangitis” OR “pseudocholangiocarcinoma”
AND “treatment”. In addition, all study references were
consulted to identify any other relevant studies. Only
studies on humans were considered, and only papers
wrote in English were used for the analysis. Inclusion
criteria were as follows: patients with PB secondary
to non-neoplastic non-cirrhotic portal vein thrombosis
(PVT) reporting endoscopic and surgical treatment
of PB, both case series and case reports. Exclusion
criteria were: review articles, guidelines or comment
to other papers; iatrogenic PVT articles; papers about
treatment of PB therapy complications or PB medical
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DIAGNOSIS AND CLASSIFICATION
The diagnosis of PB is based on radiological imaging,
in particular on cholangiography. MRCP is a noninvasive imaging test that can give a definite outline
of biliary ductal abnormalities, and for these reasons
it represents the modality of choice for PB diagnosis
and evaluation. As previously mentioned, the main
alterations evidenced at MRCP are bile duct stenosis,
angulations and dilations, both intra and extra-hepatic,
parietal irregularities, bile duct angulations, choledo[3,9]
[3]
chal varices, lithiasis . Condat et al purposed the
use of MRCP coupled with magnetic resonance (MR)
portography in the initial evaluation of PB, to assess
both biliary abnormalities and portal anatomy, which
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MEDLINE search:
“portal biliopathy” or “portal cholangiopathy” or
“pseudosclerosing cholangitis” or
“pseudocholangiocarcinoma” and “treatment”

103 papers

63 papers, references consultation

40 papers excluded:
• PB diagnosis: 3
• PVT treatment: 6
• PB complication treatment: 7
• Comment to other paper: 2
• No PB/PVT papers: 20
• Articles not in English: 2

78 papers
• 29 review papers excluded
49 papers considered for the
systematic review

Figure 1 Flow-chart of literature search. PB: portal biliopathy; PVT: portal vein thrombosis.

helps in choice of the best therapeutic approach.
Initially, endoscopic retrograde cholangiopancreatography (ERCP) has been for many years the modality
of choice to obtain cholangiographic images. Nowadays
it has been replaced by MRCP in biliary diagnostic:
ERCP is an invasive tool with possible complications,
and it has only a therapeutic rather than diagnostic
role. ERCP abnormalities are the same demonstrated
at MRCP, however some old studies that used ERCP for
PB diagnosis described a more frequent and severe left
hepatic duct involvement (40%-100%) respect right
[6,14]
hepatic duct (40%-57%)
.
Endoscopic ultrasound (EUS) has a complementary
role and can evaluate biliary stenosis and dilations,
stones, and in particular it is able demonstrate dilated
[15]
peri-choledochal venous collateral vessels .
Abdominal ultrasound (US) has not a primary role
in PB diagnosis but can be complementary to other
techniques to evaluate presence and characteristics
of PC, presence of gallbladder varices, signs of portal
hypertension, gallstones, biliary tree dilation.
In the literature many classification have been
[10]
published. Firstly, Chandra and Sarin identified four
PB types according with the biliary abnormalities localization at ERCP: type Ⅰ, involvement of extrahepatic
bile duct only; type Ⅱ, involvement of intrahepatic
bile duct only; type Ⅲa, involvement of extrahepatic
bile duct and unilateral intrahepatic bile duct (left or
right); type Ⅲb, involvement of extrahepatic bile duct
[1]
and bilateral intrahepatic ducts. Llop et al classified
PB into different degrees of severity: grade Ⅰ, biliary
tree irregularities or angulations; grade Ⅱ, indentations or strictures without dilation; grade Ⅲ, strictures
with dilation (defined as intrahepatic duct ≥ 4 mm or
extrahepatic duct ≥ 7 mm).
[16]
At least, Shin et al
distinguished three type of
PB base on pathogenetic mechanism: they described
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a varicoid type in which biliary irregularities are mainly
caused by extrinsic compression, a fibrotic type in
which strictures are due to fibrosis and wall thickening
that results from ischemic injury, and a mixed type
(both kind of alterations and pathogenetic mechanisms
are involved).

CLINICAL MANIFESTATIONS AND
NATURAL HISTORY
Biliary changes are present in about 77%-100%
[1,3,6]
of patients with PC
; however, only 5%-38% of
[1,3,14]
patients developed biliary symptoms
. Symptoms
and clinical manifestations of PB can be related to
chronic cholestasis and/or biliary stones formations,
and they include jaundice, cholangitis, cholecystitis,
[17]
abdominal pain, cholelithiasis .
Risk factors for symptoms occurrence in PB are
older age, longer duration of disease, common bile
duct and gallbladder stones, and abnormal liver func[18]
tion tests (LFTs) .
The natural history of PB is still undefined. Dhiman
[11]
et al identified four stages in PB progression, shown
in Table 1. The progression from stage Ⅰ to Ⅳ is due
to worsening of biliary changes, symptoms onset,
alterations in liver function tests and complications
[1]
occurrence. Only one study by Llop et al investigated
the evolution of biliary changes and symptoms in
patients with acute and chronic non-cirrhotic nontumoral PVT: 67 patients were followed with MR
angiography (MRA) and MRCP after PVT diagnosis.
Among 22 patients with acute PVT, 73% developed
biliary alterations at MRA/MR cholangiography (MRC)
within a median follow-up of 33 mo (range 1-102): 4
patients had grade Ⅰ PB, 4 grade Ⅱ and 8 grade Ⅲ,
while 6 patient didn’t had PB. In 14 patients without
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Table 1 Characteristics of four stages in portal biliopathy natural history
Stage
Preclinic
Asymptomatic
Symptomatic
Complicated

Portal cavernoma

Biliopathy

LFTs

Symptoms

Complications

yes
yes
yes
yes

no
Early changes
Advanced changes
Advanced changes

normal
Normal or abnormal
abnormal
abnormal

no
no
yes
yes

no
no
no
yes

LFTs: liver function tests.

A

B

Figure 2 Cholangiographic findings in a patient with symptomatic (jaundice and cholangitis) portal biliopathy secondary to chronic extrahepatic portal
vein obstruction and portal cavernoma. Ischemic stenosis with dilatation of the left intrahepatic biliary tree is shown by ERCP (A): patient underwent unsuccessful
ERCP with stent insertion and then PTBD placement; PTBD was changed for 3 times in one year because of cholangitis and liver abscess. After clinical and
biochemical improvement of BA, patient was treated with surgical splenorenal shunt and after 5 mo PTBD was definitively removed. Last cholangiography obtained
before PTBD removal shows significant improvement in biliary dilation (B). Patient is actually asymptomatic for BA and PB management. BA: bilioenteric anastomosis;
ERCP: Endoscopic retrograde cholangiopancreatography; PB: portal biliopathy; PTBD: percutaneous transhepatic biliary drainage.

grade Ⅲ PB, 11 performed another MR during a 43
mo follow-up and no progression to grade Ⅲ PB was
observed. Chronic PVT was present in 45 patients:
within a median follow-up of 67 mo (range 0-749),
80% developed PB (3 patients grade Ⅰ, 7 grade Ⅱ
and 26 grade Ⅲ). Also in this group, no evolution from
grade Ⅰ-Ⅱ PB to grade Ⅲ PB was observed after a
mean follow-up of 37 mo. Biliary symptoms occurred
in 41% of grade Ⅲ PB patients, while patients with
grade Ⅰ-Ⅱ PB remained asymptomatic during followup [Positive predictive value (PPV) 41%, Negative
predictive value (NPV) 100%]. In conclusion, when PB
is established due to the formation of PC in EHPVO,
the clinical picture will not change much over time and
clinical manifestations will be mainly correlate with site
and type of stenosis.

the treatment of choice to reduce portal hypertension
in patients with EHPVO and PC; when PB is related
only to a mechanical compression, this approach can
[19]
resolve both PC and PB at the same time . However,
when the damage of the biliary tree is also ischemic,
portal decompression alone is not sufficient to relief
biliary obstruction, and in many cases patients need
multiple endoscopic and surgical interventions on
biliary tree during their life. An example of cholangiographic findings at ERCP before and after endoscopic
plastic stent placement is shown in Figure 2.
Medical treatment with ursodeoxycholic acid (UDCA)
has a limited role, even if some authors reported resolution or improvement of mild PB symptoms (mainly
abdominal pain and biochemical cholestasis without
evidence of stones) and prevention in recurrence of
[1,17,20]
cholangitis after UDCA therapy alone
.
At the moment, there is not a standardized flowchart for PB therapy, and data about different and
combined approaches and their outcomes are reported
from small series and case reports.
Considering all papers included in this review, a
total of 284 PB patients were described, among these,
the most frequent described symptoms were jaundice
(52.8%), cholangitis (27.1%) and abdominal pain
(19.4%). The mean age at PB presentation was 33.5
± 13.5.
Hereafter we analyze the different types of treatment reported in the included articles.

THERAPEUTIC APPROACHES
Treatment of PB is recommended only for symptomatic
patients, whereas the presence of biliary abnormalities
associated with mild biochemical alterations without
clinical manifestations is not an indication for therapeutic intervention but requires a biochemical and clinical
[11]
follow-up .
Therapy of portal biliopathy should be addressed
to firstly reduce portal hypertension and secondly to
resolve biliary obstruction. Both surgical and radiological porto-systemic shunt (PSS) can be considered
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Endoscopic treatment

that were exchanged every 3-4 mo until LFTs normalizations; in 8/11 case a cholangiogram normalization
was achieved as well. ERCP complications included
haemobilia in 9/130 procedures and cholangitis in
40/130 (mainly already present at the moment of
ERCP and due to delay in stent exchanged).
[25]
Khare et al
published a case series including 13
patients with EHPVO and PC complicated by symptomatic PB divided in 3 groups according to radiological
biliary findings: group A included 5 patients with biliary
strictures without choledocholithiasis; group B included
3 patients with choledocholithiasis alone; group C
included 5 patients with both biliary strictures and
choledocholithiasis. In group A, 4 patients were treated
endoscopically with biliary stenting alone (n. 3) or with
previous dilation (n. 1), followed by surgical PSS for
portal hypertension. In 3/4 patients ERCP resolved
biliary strictures, while 1 patient showed persistent
stenosis at 12 mo and underwent multiple endoscopic
procedures with dilation and stenting. In group B, 2/3
patients were treated with endoscopic SE that was
successful in one patient; the other patient underwent
stent placement and then surgical intervention for portal hypertension (splenectomy with esophagogastric
devascularisation). During the follow-up, this patient
needed multiple ERCP for choledochus clearance. In
group C, four patients were first treated with endoscopic approach but SE failed in all of these patients;
after surgical approaches (PSS or splenectomy with
esophagogastric devascularisation), 2/4 patients were
successfully managed with repeated ERCP with dilation
and SE. No complications were observed after ERCP.
In 2009 the group from Birmingham published
his experience with 13 patients with symptomatic
[17]
portal biliopathy : at the cholangiography (PB was
diagnosed with MRC in 12 patients and with ERCP
in 1), 12 patients showed biliary strictures, 10 bile
duct stones/sludge, 11 gallbladder stones/sludge. In
one patients symptoms (right hypocondrial pain and
dark urine) resolved spontaneously, while 12 patients
underwent therapeutic ERCP that was successful in
8: in one patients with associated Crohn’s disease
plastic stent insertion did not resolved jaundice and
the patient, that was not eligible for surgical portal
decompression for PVT extension, was listened for liver
and small bowel transplantation; one patient had an
excellent response to ES and SE. Among 7 patients
with jaundice resolution after plastic stent insertion,
2 patients underwent portal decompression for recurrent cholangitis despite multiple ERCP (one with PSS
and one with TIPS), 1 needed repeated plastic stent
changes and in 3 patients a metallic biliary stent was
placed after several repeat plastic stent changes.
Among 4 cases in which ERCP was unsuccessful, 2 had
spontaneous resolution. The observed complications
during a total of 49 ERCP were haemobilia (4%) and
sepsis (6%, two cholangitis and one enterococcal
sepsis), and no death directly related to biliary complications was observed during the follow-up.

Among the total of symptomatic PB patients included
in case series and case reports, 114 patients were
treat endoscopically at first. Only in 34 patients (29.8%)
a single endoscopic treatment resolved PB alterations and symptoms; among these, 13 patients had
common bile duct (CBD) stones as PB manifestation
resolved after endoscopic sphincterotomy (ES) + stone
extraction (SE). In most cases, repeated treatment
were necessary to have a complete resolution of biliary
abnormalities, often combined with surgical intervention for portal hypertension: after the first treatment,
49 patients (43%) underwent multiple plastic stent
exchange, 4 (3.5%) metallic stent placement, 35
(30.7%) surgical treatment with PSS or splenectomy
(with or without esophageal devascularisation), 7 (6%)
surgical biliary anastomosis, 2 (1.7%) transjugular
intrahepatic porto-systemic shunt (TIPS) and 1 (0.9%)
liver transplantation (LT). The duration of follow-up,
when reported, range between 2 d and 18 years. In
these cases the endoscopic approach can be considered safe, even if some complications have been
reported. The most frequent is haemobilia, occurred
in 24 procedures (in one case after intracholedocal
biopsy). The risk of haemobilia during endoscopic
treatment for PB is related to the presence of numerous pericholedocal compensatory collateral veins and
congestion of biliary duct walls vessels. In particular,
the transient pressure elevation in the distal portion of
biliary varices during balloon sweeping can increase the
[21]
risk of bleeding . For these reasons, a decompressive shunting procedure performed before endoscopic
[21,22]
treatment could reduce the risk of haemobilia
.
Cholangitis were also frequent (reported after 53
procedures), but although they can be seen after ERCP
[23]
in up to 15.4% of cases , they are often not directly
related to the endoscopic treatment but rather to
recurrence of sludge or stones inside the biliary stent
and can be treated with stent exchange. Sepsis was
observed as well in 3 cases. Mortality directly related
to endoscopic treatment was 0%, but one patient died
for secondary biliary cirrhosis and one for cholangitis,
both developed despite multiple stent placements during the treatment period.
The choice of the endoscopic treatment of PB
depends on the type of biliary alterations and includes
ERCP with ES, SE (with previous mechanical lithotripsy
if necessary) for patients with choledocholithiasis,
stricture dilation ± biliary stent or nasobiliary drain
placement.
The largest series of PB patients endoscopi[24]
cally treated is described by Saraswat et al , who
published data about 130 ERCP performed for biliary
strictures in 20 symptomatic patients. ES with SE was
performed in 8 patients with choledochal stones and
9 patients were treated with plastic stents placement.
Eleven patients (for a total of 101 procedures) were
treated on the line of postoperative benign biliary strictures, with balloon dilation and plastic stent insertion,
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In particular, the last two articles evidence how
complex is to choice the appropriate treatment for PB,
and the great variability on patients response to the
same therapy, even between patients with the same
type of biliary manifestation. This is also due to the
difficulty to classify the etiology of PB (varicoid type or
fibrotic type) based on cholangiographic findings.
Combined treatment with biliary procedures and
percutaneous transhepatic portal vein recanalization
(balloon dilation + self-expandable stent placement)
[26]
have also been reported .
The role of UDCA administration associated with
endoscopic procedures is still uncertain: even if some
authors reported the absence of biliary symptoms
recurrence after endoscopic treatment associated with
[1,3]
UDCA therapy , equally good results with the only
endoscopic management are reported.
All published PB case series and case reports about
endoscopic treatment of PB are summarized in Tables
[1,3,15,17,20,22-47]
2 and 3
, respectively.

the authors reported a significant reduction in serum
biliary levels after first-line surgery (both shunt and
no-shunt surgery) and alkaline phosphatases (shunt
surgery), confirming that the resolution or improvement in portal hypertension can be effective in relieving biliary obstruction.
[30]
Vibert et al
published a case series including 19
symptomatic PB patients and propose an interesting
3 steps approach: (1) biliary drainage and antibiotic
therapy if cholangitis is present; (2) surgical PSS;
and (3) biliodigestive anastomosis with hepaticojejunal anastomosis with Roux-en-Y. Patients were
divided in two groups according to feasibility of PSS:
10 patients were included in the PSS group, 9 patients
in the no PSS (NPSS) group. In the first group, one
patient with severe sepsis from cholangitis underwent
percutaneous transhepatic biliary drainage (PTBD) with
extraction of intrahepatic stones. Then, a splenorenal
shunt was performed in all 10 patients. Mortality was
nil, and complications rate was 27%, including one
chylus fistula and 2 early thrombosis, successfully
treated with anticoagulant therapy or angiographicguided pneumatic dilation. Initially, PSS was successful
in biliary symptoms resolution in 70% of cases, but
within 30 mo after PSS 5/10 patients required a bilio
enteric anastomosis because of persistent jaundice or
recurrent cholangitis. In the NPSS group, 3 patients
were initially treated with endoscopic approach (1 ES
and 2 plastic stent placement); PTBD was positioned in
6 patients (in 3 cases because of recurrence of biliary
symptoms after endoscopic treatment); biliodigestive
anastomosis was performed in 4 patients. Among
these, one patient initially treated with endoscopic
stent placement, 2 patients initially treated with PTBD
and 4 patients treated with biliodigestive anastomosis
needed repeated transhepatic cholangioscopies to
remove intrahepatic stones and to improve biliary
drainage; except for 2 patients lost in follow-up,
at long-term follow-up one patient died for severe
cholangitis and haemobilia while other patients were
asymptomatic.
Overall, 173 patients underwent surgery intervention as first or second step for PB treatment: PSS was
performed in 131 patients, PSS with splenectomy in
7, splenectomy with devascularisation in 18, devascularisation in 1 and 16 patients underwent biliary
surgery (biliodigestive anastomosis, cholecystectomy,
choledochotomy). The reported follow-up after surgical intervention ranged between 4 mo and 15 years.
Considering patients underwent PSS alone as first
treatment for PB, biliary symptoms relieve in 64.1%
of cases, while in patients firstly treated with surgical
biliary anastomosis, only in 30% of cases no other
treatment was required.
A total of 6 death was reported: 1 patients died
after 10 years from splenectomy for recurrence of
gastrointestinal bleeding, 1 patient died for decompensated alcoholic cirrhosis, one for perforated duodenal

Surgical treatment

Indication to surgery in PB patients is given by the
need to decompress the portal system through PSS
and to resolve the biliary obstruction. In cases in which
PB is due to biliary compression by PC, the detension
of collateral vessels obtained with the reduction of
portal pressure by PSS can resolve in the same time
[30]
biliary obstruction . The most common PSS performed are proximal spleno-renal shunt or mesocaval
shunt, but other types of surgical shunts include
meso-gonadal vein shunt, meso-renal shunt, rightporto ovarian shunt, shunt between a portal varix and
[41,48-51]
cava
.
However, in patients without resolution of biliary
abnormalities and symptoms after PSS, a second
stage procedure can be required: biliary stenosis can
be managed endoscopically, as explain above, or with
surgical construction of a bilioenteric anastomosis. In
patients without a suitable patent vein, splenectomy
associated with esophagogastric devascularisation
could reduce pressure in pericholedochal collateral
[52]
veins and improve biliary symptoms . A surgical
approach with intrahepatic segment 3 bypass has been
described to provide definitive treatment for biliary
decompression and stone removal in a single time
[47]
procedure in appropriately selected patients .
[52]
The largest PB series
retrospectively included
56 PB patients who underwent surgery from 1996 to
2010; 32/56 (57.1%) were asymptomatic for PB. To
reduce portal hypertension, PSS was performed in 40
patients and splenectomy with devascularisation in 16.
After first-line surgery, 7 patients required endoscopic
treatment for cholangitis or CBD stones, that was successful in 2 patients, while 5 of them required multiple
procedures; 2 patients previously treated with PSS at
least needed biliary surgery for dominant CBD stricture
that required frequent stent exchanges. In addition,
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Table 2 Endoscopic management of portal biliopathy: summary of case series
Ref.

No. of patients

Biliary abnormalities

First treatment

Follow-up

Further treatments

Complications/
outcome

Bhatia et al[27], 1995

4 symptomatic

ES + SE + NBD 4

3-8 mo

Multiple ERCP 4

None

Perlemuter et al[20], 1996

8 symptomatic

Stenosis + stones 3
CBD stones 4
Stenosis 8
CBD stones 2
Cholangitis 1

6-60 mo

Multiple ES 1

Death 2 (cholangitis
1; stroke 1)

Condat et al[3], 2003

7 symptomatic

4-25 mo

-

Haemobilia 1

Sezgin et al[28], 2003

10 symptomatic

3.3 yr
(range 1-7)

Multiple ERCP 5

Dumortier et al[22], 2003

6 symptomatic

Stenosis 5
CBD stones 2

Haemobilia 1
Cholangitis 5
Death 1
Cholangitis 1
Cholecystitis 4

Khare et al[25], 2005

13 symptomatic

Stenosis 10
CBD stones 8

ES+NBD 3
BD 1
PSS 1
UDCA 2
Cholecystostomy + SE 1
Stent 1
BA + PTBD 1
UDCA 4
ES + stent 10
NBD 4
BD 4
ES 5
BD 5
SE 2
Stent 1
Stent 4
BD 6
SE 4

Dhiman et al[29], 2007

12 symptomatic

Vibert et al[30], 2007

19 symptomatic

Stenosis 7
CBD stones 5
CBD varices 1
Mirizzi’ssdr 1
IE biliary dilation 9
IE stones 7
CBD stones 4

Oo et al[17], 2009

13 symptomatic

Stenosis 13
CBD stones 10
GB stones 11

Llop et al[1], 2011

14 symptomatic

Stenosis 14
CBD stones 6
GB stones 2

Saraswat et al[24], 2013

20 symptomatic

Stenosis 20
CBD stones 8
GB stones 6
CBD stenosis 2
CHD stenosis 1
CBD stones 2

Ramchandani et al [31] , 5 symptomatic
2013

Cellich et al[23], 2015

8 symptomatic
1 asymptomatic

Cholecystitis/right
hypocondrial pain 4
Cholangitis 1
Stenosis 2
Stenosis 9
IE stones 1

Stenosis 7
CBD stones 3
GB stones 1

PSS 5
ES 3
ES + BD 2
Stent 4
PSS group:
PTBD 1
SRS 10
NPSS group:
ES + stent 2
ES + SE 1
PTBD 6
BA 4
UDCA 1
Stent 7
ES + SE 1
Failed ERCP 4
ES + SE 6
ES + UDCA 2
Cholecystectomy 2

10 mo (range 2 Multiple ERCP + PSS 4
d-18 mo)

-

PSS 8
Death 1
BA 1
Multiple ERCP 2
Splenectomy + devasc 2
19 mo (6-132 Multiple ERCP in pts Cholangitis in 2 pts
mo)
initially treated with treated with stent
stent
19 pts
8.3 yr

PSS group:
BA 5
NPSS group
PTBD 1 after ERCP and
4 after BA

Resolution 17
Death 3

2 yr
(1-18 aa)

Metallic stent 3
Stent exchange 2
PSS 3 (2 TIPS, 1 surgical)
LT 1
Multiple ERCP 1
BA 1

Haemobilia 2
Sepsis 3

Multiple ERCP 11

In 130 procedures:
Cholangitis 40
Haemobilia 9
- Resolution 5

-

ES + SE 8
18 mesi (range
Stent 9
3-188)
BD + stent 11
Metallic stent 1
6-7 mo
Plastic stent 2
BD + stent 1
Intracholedocal lithotripsy 1
ES 7
BD 4
SE 2
Stent 7

SRS 2
Stent Exchange 1

PSS 1
Stent exchange 3
BA 3

-

Cholangitis 3
Haemobilia 1

CBD: common bile duct; GB: gallbladder; IE: intrahepatic; ES: endoscopic sphincterotomy; SE: stone extraction; NBD: nasobiliary drainage; BD:
balloon dilation; PSS: porto-systemic shunt; NPSS: no porto-systemic shunt; UDCA: ursodeoxycholic acid; ERCP: endoscopic retrograde cholangiopancreatography; BA: bilioenteric anastomosis; SRS: splenorenal shunt; LT: liver transplantation; TIPS: transjugular intrahepatic porto-systemic shunt.

ulcer and one for cholangitis and haemobilia after 8.6
years from biliodigestive anastomosis, 2 patients died
for intraoperative bleeding during surgery on bile duct
(choledocholithotomy and hepaticojejunostomy), suggesting a higher risk of bleeding from biliary tree due
to the presence of numerous compensatory collateral
veins and the congestion of biliary and splanchnic
[2,3,19,25,30,51-58]
venous system. Table 4
summarized
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papers about surgical intervention in PB patients.

TIPS

In addition to surgical PSS, a TIPS placement can be
a valid alternative to improve portal hypertension.
[59]
Since 1996, Görgül et al
observed the resolution
of “pseudocholangiocarcinoma” sign after TIPS in
3 patients. In a case report, a 45-years-old woman
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Table 3 Endoscopic management of portal biliopathy: summary of case reports
Ref.

Patients

Biliary abnormalities

First treatment

Follow-up

2
1

CBD stenosis 2
Stenosis

Stent 2
Stent

-

3

CBD stenosis 3

Stent 3

-

PSS 3

Haemobilia 3

1

Stenosis + CBD stones

- Stent

3 yr

-

Umphress et al[15], 2004 M, 62 yr

IE and CBD stones

ES + SE + stent

1 yr

Guerrero Hernández M, 29 yrs
et al[36], 2005
Rosenthal et al[37], 2008 F, 44 yr
Ajayi et al[38], 2009
F, 13 yr
Layec et al[39], 2009
F, 74 yr
Sharma et al[40], 2009
M, 35 yr
F, 30 yr
M, 25 yr
Vasiliadis et al[41], 2009 F, 39 yr

CBD stenosis

ERBD + Sugiura

-

Multiple stent exchange→PTBD +
dilation and SE
Stent exchange and
cholecistectomy
-

CBD stenosis and stones
Stenosis
Stenosis
CBD stenosis 3

Stent + SE
ES + BD + stent
Metallic stent
ES+SE 3

6 mo
18 mo
-

PSS
Multiple stent exchange
Metallic stent
-

Haemobilia
Haemobilia 3

CBD stenosis

ES

19 mo

-

Mörk et al[32], 1998
Solmi et al[33],
1998
Mutignani et al[34],
2002
Perego et al[35], 2003

Further treatment

Complications

Multiple Stent exchange + PSS 1 Cholangitis 1
-

Cantù et al[42], 2010
Martinez et al[43], 2011
Mistry et al[44], 2012

M, 31 yr
M, 34 yr
M, 28 yr

CBD stenosis
IE diltaions
CBD stenosis

ES + stent
Stent
BD + BA + PTBD

4 yr
-

Alam et al[45], 2012

M, 30 yr
F, 19 yr

PTBD
Stent

-

D’Souza et al[46], 2013

M, 49 yr

CBD stenosis 2
GB stones 1
CBD stones 1
CBD stenosis

Multiple stent exchange→PSS +
cholecistectomy
Percutaneous
transhepatic-gastrostomy
cholecistectomy

Stent + BD (after stent removal)

-

PSS + splenectomy

Bernon et al[47], 2014

M, 36 yr

CBD stenosis and stones

SE + stent

1 yr

Hyun et al[26], 2015

M, 33 yr

CBD stenosis

ERBD→PTBD + portal stent

3 mo

Stent exchange→PTBD→
cholecistectomy, intrahepatic 3
semgment bypass
-

-

Haemobilia
-

Haemobilia
(post-biopsy)
Cholangitis

Haemobilia

CBD: common bile duct; ES: endoscopic sphincterotomy; SE: stone extraction; BD: balloon dilation; PSS: porto-systemic shunt; IE: intrahepatic; BA:
bilioenteric anastomosis; ERBD: endoscopic retrograde biliary drainage; PTBD: percutaneous transhepatic biliary drainage.

affected by cholestatic jaundice due to compression
on CBD by extrahepatic portal and splenic vein thrombosis with collateral, was treated with TIPS: in order
to decompress the biliary tree before the procedure,
a biliary stent was placed and the day after TIPS was
successfully performed. The biliary stent was removed
after 1 wk and, at 14 mo follow-up, the patient was
asymptomatic and MR/MRCP showed a significant
improvement of biliary alterations and of cavernoma
[60]
size . Another case report described resolution of
cholangiographic CBD abnormalities and normalization of LFTs after TIPS performed in a patient with PB
[61]
and portal hypertension secondary to PVT . In the
[23]
case series published by Cellich et al
including 13
PB patients, one of these was initially treated with
TIPS that was unsuccessful; patient underwent PSS
and multiple endoscopic treatment and, at least, bil[17]
ioenteric anastomosis. Oo et al
reported 2 patients
successfully treated with TIPS: one after repeated
ERCP with plastic stent exchanges obtaining resolution
of biliary symptoms and reduction in portal pressure;
the second was successfully treated with temporary
PTBD placement followed by TIPS. Even if the use of
TIPS in PB patients is anecdotal, this technique seems
effective and safe in treatment of portal hypertension
and PB secondary to PC. However, due to the vascular
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alterations secondary to PC, TIPS is not always technically feasible.

LT

There are few data about LT for PB patients. In
literature only 4 cases are reported (1 regarding a
paediatric patient), 2 living donor LT and 2 deceased
[62-65]
donor LT
. Indication for LT was secondary biliary
cirrhosis, recurrent cholangitis (even with suspicion of
cholangiocarcinoma) despite multiple endoscopic treatments, often associated with gastrointestinal bleed[62-64]
[65]
ing
; Zhang et al
reported 3 successful living
donor LT in 3 paediatric patients with PC, one of these
with jaundice and evidence of dilated biliary duct due
to PC compression, consistent with PB; however, in all
3 cases the major indication for LT was deteriorating
liver function ad recurrent gastrointestinal bleeding. In
all the 4 cases of LT for PB the outcome was favourable
after a follow up of 12-26 mo.

CONCLUSION
PB is a frequent complication in patients with chronic
PVT and PC, however symptoms are present in a
minority of cases and only symptomatic patients
require therapy.
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Table 4 Surgical management of portal biliopathy: summary of case series and case reports
Ref.

No. of patients

Biliary abnormalities

First treatment

Followup

Further treatments

Complications/
outcome

Chaudhary et
al[53], 1998

9 symptomatic

Stenosis: 2
CBD stones: 2

BA 2
SRS 7

9 pts
-

Death 1
Resolution 7

Condat et al[3],
2003

7 symptomatic

BA 2
Stent 1
ES + SE 2
-

-

Resolution 15

Gauthier-Villars
et al[19], 2005
Khare et al[25],
2005

Vibert et al[30],
2007

Dhiman et al[2],
2007

D’Souza et al[54],
2009
Camerlo et al[51],
2010
Agarwal et al[55],
2011

Chattopadhyay
et al[52], 2012

Suárez et al[56],
2013
Bhatia et al[57],
2014
Liu et al[58], 2015

Cholecystitis/right
Cholecystostomy + ERCP 1 4-25 mo
Haemobilia 1
hypocondrial pain 4
Stent 1
Cholangitis 1
BA+PTBD 1
Stenosis 2
8 symptomatic
Stenosis 6
- PSS 8
8 pts
Complete resolution 7
(pediatric)
Biliarydilation 8
4.5-15 yr
Partial resolution 1
13 symptomatic
A: Stenosis 5
A: PSS 4; BA 1
A: Multiple ERCP: 1
Death 1
B: CBD stones 3
B: ERCP 2; PSS + BA 1
B: Splenectomy 1 (post-ERCP)
C: Stenosis + CBD stones 5 C: unsuccessful ERCP 4; PSS
C: Multiple ERCP 2; BA 1;
3; Splenectomy + devasc 2
Splenectomy + BA 1
19 symptomatic
IE biliary dilation 9
PSS group:
19 pts
PSS group:
Resolution 17
IE stones 7
PTBD 1
4-30 mo
BA 5
Death 3
CBD stones 4
SRS 10
NPSS group
NPSS group:
PTBD 1 after ERCP and 4 after
ES + stent 2
BA
ES + SE 1
PTBD 6
BA 4
12 symptomatic
Stenosis: 7
PSS 5
19 mo Multiple stent exchange in pts Cholangitis in 2 pts
CBD stones: 5
ES 3
(range
initially treated with stent
treated with stent
Choledochal varices 2
ES + dilation 2
6-132)
Mirizzi’ssyndrome 1
Stent 4
1 symptomatic CBD stenosis + GB stones pre-surgery stent→PSS + BA 18 mo
Resolution
(single stage)
3 symptomatic
Stenosis 3
PSS 3
3 pts
Resolution 3
Stent 1 (pre-PSS)
2-13 yr
39 symptomatic
Stenosis 15
SRS 37
37 pts
ES ± SE 10
Resolution 35
CBD stones 7
BA 2
32 mo
BA 12
GB stones 12
ES + cholecystectomy 1
IE dilation 39
24 symptomatic
CBD stenosis 3
ERCP pre-surgery 12
43 pts
ES + SE 2
Resolution 38
32
Multiple stenosis 5
PSS 40
48 mo
Multiple ES + stent 5
Death 1
asymptomatic
IE dilation 14
Splenectomy + devasc. 16 (range
BA 2
CBD stones 7
14-120)
GB stones 11
3 symptomatic
Stenosis 3
UDCA 1
BA 1
2 symptomatic
GB stones
cholecistectomy
Resolution
18

Stenosis 6
Dilations 6
Stenosis + dilations 6

PSS 18

-

CBD: common bile duct; GB: gallbladder; IE: intrahepatic; ES: endoscopic sphincterotomy; SE: stone extraction; BD: balloon dilation; PSS: portosystemic shunt; NPSS: no porto-systemic shunt; UDCA: ursodeoxycholic acid; ERCP: endoscopic retrograde cholangio-pancreatography; BA: bilioenteric
anastomosis; SRS: splenorenal shunt; FU: follow-up.

The majority of patients with PC and PB need
multiple treatments during their life, aimed both
to decompress portal circle and to resolve biliary
abnormalities and symptoms; only few patients have
a complete resolution of biliary and vascular problem
after the first intervention, and it can be seen more
often in PSS performed for PC compressing the bile
duct. In most cases a combined approach is required
(endoscopy and surgery), but a consensus on the timing and priority of treatments is not still available.
In Figure 3 we propose a possible algorithm for
the management of PB. For asymptomatic patients,
no specific therapy is required except the eventual

WJG|www.wjgnet.com

treatment of portal hypertension complications; during
follow-up LFTs monitoring is suggested. For symptomatic patients, cholecistectomy is recommended in case
of gallbladder stones or cholecistitis alone. In case of
PB due to PC compression (varicoid type), surgical PSS
or TIPS (when feasible) should resolve both PC and
bleary stenosis. However, if cholangitis or choledoholitiasis are present, they should be treated at first. In
case of mixed type, an ischemic damage coexist with
the compressive one and the only PSS will not solve
the problem; in these case, further interventions on
the biliary system are needed: consider ES with/without stent placement and, in case of persistence of bili-
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Portal biliopathy
Asymptomatic

Symptomatic
Cholecystitis/
cholelithiasis

Varicoid type PB

Cholecystectomy

Presence of
cholangitis or
choledocholithiasis

Yes

Mixed type PB

No

Yes

Shuntable vein present

Follow-up removed
stent if present

No

Splenectomy and
devascularisation

Surgical PSS or TIPS

Yes

Eventually treat portal
hypertension; monitor
ES ± plastic stent
LFTs and interrogate for
(± SE) PTBD
biliary symptoms
If unresolved despite
multiple treatment
PSS/TIPS or splenectomy
+ devascularisation and
bilioenteric anastomosis

Resolution

ES ± SE,
plastic stent
PTBD

Fibrotic type PB

Resolution

No

Consider LT in case of:
Secondary biliary cirrhosis
Recurrent cholangitis
Difficult control in portal
Hypertension manifestations

1

ES ± plastic stent
PTBD
Bilioenteric anastomosis if
persistent symptoms despite
multiple treatments

Figure 3 Proposed algorithm for portal biliopathy management. 1Unsuccessful vascular surgery is frequent in mixed type because of co-presence of ischemic
and compressive damage. ES: endoscopic sphincterotomy; SE: stone extraction; LFTs: liver function tests; LT: liver transplantation; PTBD: percutaneous
transhepatic biliary drainage; PB: portal biliopathy; PSS: porto-systemic shunt; TIPS: transjugular intrahepatic porto-systemic shunt.

ary symptoms despite multiple endoscopic treatments,
surgical intervention of bilioenteric anastomosis. When
a fibrotic type of PB is diagnosed, PSS will not resolve
the biliary alterations. In these cases, PB resolution
is difficult to achieve and multiple endoscopic/surgical biliary treatments are required. Patients can be
evaluated for LT in case of secondary biliary cirrhosis,
recurrent cholangitis despite multiple endoscopic
treatments or difficult control in portal hypertension
manifestations.
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REVIEW

Understanding the role of PIN1 in hepatocellular carcinoma
Chi-Wai Cheng, Ka-Wai Leong, Eric Tse
by proline-directed serine/threonine phosphorylation.
Through this phosphorylation-dependent prolyl
isomerization, PIN1 fine-tunes the functions of key
phosphoproteins (e.g. , cyclin D1, survivin, β-catenin
and x-protein of hepatitis B virus) that are involved
in the regulation of cell cycle progression, apoptosis,
proliferation and oncogenic transformation. PIN1 has
been found to be over-expressed in many cancers,
including human hepatocellular carcinoma (HCC).
It has been shown previously that overexpression
of PIN1 contributes to the development of HCC invitro and in xenograft mouse model. In this review,
we first discussed the aberrant transcription factor
expression, miRNAs dysregulation, PIN1 gene promoter
polymorphisms and phosphorylation of PIN1 as
potential mechanisms underlying PIN1 overexpression
in cancers. Furthermore, we also examined the role
of PIN1 in HCC tumourigenesis by reviewing the
interactions between PIN1 and various cellular and viral
proteins that are involved in β-catenin, NOTCH, and
PI3K/Akt/mTOR pathways, apoptosis, angiogenesis and
epithelial-mesenchymal transition. Finally, the potential
of PIN1 inhibitors as an anti-cancer therapy was
explored and discussed.
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Core tip: PIN1 specifically binds and catalyses iso
merization of the pSer/Thr-Pro motif of target pro
teins, thereby modulating their functions. Many PIN1interacting proteins are involved in cellular transformation
and maintenance of malignant phenotype, and
overexpression of PIN1 is frequently found in various
cancer types, including hepatocellular carcinoma (HCC).
Through interacting with regulatory proteins of key
signalling pathways, such as β-catenin, cyclin D1, and
HBx, PIN1 drives and amplifies the oncogenic signals
essential for the development of HCC. Given its diverse
oncogenic functions in hepatocarcinogenesis, PIN1

Abstract
PIN1 is a peptidyl-prolyl cis/trans isomerase that
binds and catalyses isomerization of the specific motif
comprising a phosphorylated serine or threonine residue
preceding a proline (pSer/Thr-Pro) in proteins. PIN1
can therefore induce conformational and functional
changes of its interacting proteins that are regulated
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protein interaction patterns, subcellular localization,
and protein stability. Conceivably, PIN1 plays an
important role in diverse cellular processes, including
cell cycle progression, differentiation, apoptosis and
[11,16-19]
proliferation, as well as transformation
. Indeed,
many PIN1-interacting partners, such as β-catenin,
c-Jun, cyclin D1, cyclin E, Myc, nuclear factor-kappa B
(NF-κB)-p65, p53 and p73, are important in regulating
cell cycle progression and cell proliferation, and are
[17,18,20-25]
often dysregulated in cancer
. Thus, the
role of PIN1 in enhancing the oncogenic potential of
these proteins via phosphorylation-dependent prolyl
isomerization is important during cancer development.
In this article, we discuss the possible mechanisms
underlying dysregulated PIN1 expression in cancer, the
oncogenic roles of PIN1 in hepatocarcinogenesis, and
the potential of PIN1 inhibitors as anti-cancer agents.

represents a potential therapeutic target in the treatment
of HCC.
Cheng CW, Leong KW, Tse E. Understanding the role of PIN1
in hepatocellular carcinoma. World J Gastroenterol 2016;
22(45): 9921-9932 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/9921.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.9921

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth leading
cancer in men and the ninth for women worldwide,
with estimated 782000 new cases in 2012. It is
one of the most common causes of cancer death,
[1]
leading to 746000 deaths annually . Chronic
infection with hepatitis B virus (HBV) or hepatitis C
[2]
virus (HCV) is the major risk factor , accounting
for 92% and 43% of HCC cases in developing and
developed countries, respectively. HCC is an aggressive
malignant tumour associated with a poor prognosis,
and only a small proportion of HCCs is detected at
an early stage. Early-stage HCCs are amenable to
potentially curative treatments, such as surgical
resection, liver transplantation, transcatheter arterial
chemoembolization (TACE) and radiofrequency ablation
[3]
(RFA) . Nonetheless, HCCs are frequently diagnosed
at advanced-stage and patients with advanced HCCs
are not candidates for curative therapies. Conventional
chemotherapy is ineffective for advanced HCCs
because of the development of chemo-resistance
[4-6]
and early occurrence of metastasis
. A thorough
understanding of the pathogenesis and biology of HCC
provides the mechanistic basis for designing effective
HCC therapies.
Protein phosphorylation is a post-translational
modification that plays an important role in the regu
lation of signalling pathways. Through activation of
multiple protein kinases, such as cyclin dependent
kinases (CDKs) and mitogen activated protein kinases
(MAPKs), phosphorylation of proteins in serine or
threonine residues preceding proline (pSer/ Thr-Pro)
motif has been linked to dysregulated cell proliferation
[7,8]
and malignant transformation . The identification
of peptidyl-prolyl cis/trans isomerase PIN1 provides a
new post-phosphorylation regulatory mechanism in cell
[9-12]
signalling
. PIN1 is a small and highly evolutionarily
conserved 18-kDa protein, and is mainly localized
[11,13,14]
in the nucleus
. It binds specific pSer/Thr-Pro
motif in certain proteins through its amino-terminal
WW domain, and isomerizes the pSer/Thr-Pro peptide
bonds with its carboxyl-terminal prolyl isomerase
[7,11,15]
(PPIase) domain
(Figure 1). PIN1-catalysed
isomerization induces conformational changes of
its target proteins, resulting in alterations of their
enzymatic activities, phosphorylation status, protein-
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REGULATION OF PIN1 EXPRESSION AND
ACTIVITY
In normal cells, PIN1 expression is usually very low
and is tightly regulated by the retinoblastoma protein
[26,27]
(Rb)-E2F pathway
. The binding between Rb and
E2F proteins is controlled by the phosphorylation of
Rb. Hypophosphorylated Rb binds E2F transcription
factors and inhibits its transcriptional activity towards
the PIN1 gene. In response to cell proliferative stimuli,
CDK-cyclin complexes phosphorylate and inactivate Rb
to release E2F. In turn, E2F binds to the E2F-binding
sites of the PIN1 promoter and directly activates
transcription of the PIN1 gene. Interestingly, PIN1 has
also been found to interact with Rb and enhance its
[28,29]
hyperphosphorylation
. Therefore, PIN1 inactivates
Rb and promotes E2F target gene activation. Since
dysregulation of the Rb-E2F pathway is frequently
[30]
found in various cancers , it is speculated that
abnormalities of this pathway may contribute to PIN1
overexpression in cancers. Furthermore, PIN1 interacts
with phosphorylated NOTCH1 to enhance NOTCH1
transcriptional activity, which in turn, increases the
transcription of PIN1, resulting in a positive feedback
[31]
loop for PIN1 overexpression in cancers . In addition
to E2F and NOTCH1, forkhead box transcription factor
FOXC1 also enhances PIN1 promoter activity, resulting
in increased mRNA and protein expression of PIN1 in
[32]
breast cancer cells .
MicroRNAs (miRNAs) are small non-coding RNA
that functions as a negative regulator of gene ex
pression by binding to the 3′UTR of target mRNA to
inhibit gene expression at the post-transcriptional
[33]
level . Dysregulation of miRNAs expression is
[34]
frequently observed in cancers . In HCC, a global
reduction of miRNAs expression is associated with HCC
[35]
progression , suggesting that most of the expressed
miRNAs in normal hepatocytes function as tumour
suppressors. Some of these miRNAs may target the
expression of PIN1 and their reduced expression may
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Figure 1 Structure of peptidyl-prolyl-isomerase PIN1 protein. Ribbon diagrams of (A) PIN1 (NCBI Structure No. 1NMV), (B) WW binding domain (NCBI Structure
No. 1I8H), and (C) PPIase catalytic domain (NCBI Structure No. 1NMW) were drawn with the Swiss-Pdb Viewer[11,15,115,116]. α-helices and β-strands are denoted by
coils and arrows, respectively. Residues Ser(S)16, Tyr(Y)23 and Trp(W)34 in the WW domain are critical for phospho-protein binding, while residues Lys(K)63, Ser(S)67,
Arg(R)68/69 and Cys(C)113 contribute to the PPIase activity. Adapted from thesis: Identification and characterization of PIN1 binding partners, HKU 2010.
[40]

therefore result in the PIN1 overexpression observed
in HCC. Currently, three miRNAs have been shown to
negatively regulate PIN1 expression in cancers. miR200b/c and miR-296-5p directly target and suppress
PIN1 expression in breast cancer and prostate cancer
[36-38]
cells, respectively
. However, no specific miRNA
has been reported to target PIN1 expression in HCC.
Single nucleotide polymorphism (SNP) of the PIN1
gene promoter may also contribute to the regulation
of PIN1 expression. The promoter region of PIN1
gene contains two SNPs [rs2233678 (-842G/C) and
rs2233679 (-667C/T)] and one synonymous SNP
[rs2233682 (Gln33GlnG>A)] in exon 2. Genotype
-842CC is associated with lower PIN1 protein ex
pression in peripheral mononuclear cells, whereas
-677C/T genotype does not have significant effect on
[39]
PIN1 expression . Similar result was also found in
squamous cell carcinoma of head and neck (SCCHN),
with -842C genotype but not -677C/T associated with
a lower PIN1 promoter activity and a lower risk of
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SCCHN .
In addition to the transcriptional regulation, PIN1
level is also regulated through post-translational
65
modification. Phosphorylation at Ser by Polo-like
kinase I (PLK1) inhibits ubiquitination of PIN1, resulting
in decreased proteasomal degradation and increased
[41]
protein level . Moreover, multiple regulators have
also been found to modulate the activity of PIN1
by post-translational modifications. Sumoylation
6
63
of Lys on the WW domain and Lys on the PPIase
domain suppress PIN1 protein-binding and catalytic
abilities, respectively. De-sumoylation on those sites
by SUMO1/sentrin specific peptidase 1 (SENP1)
reverses the inhibitory function on PIN1 and increases
[42]
PIN1 stability . In addition, mixed-lineage kinase
138
3-induced phosphorylation of PIN1 at Ser enhances
[43]
PIN1 catalytic activity , whereas death-associated
protein kinase 1-induced phosphorylation of PIN1 at
71
[14]
Ser abolishes PIN1 catalytic activity . Furthermore,
protein kinase A, ribosomal S6 kinase 2 and Aurora
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have also been shown to inhibit PIN1 function by
16[13,44,45]
phosphorylation at Ser
.

mice are positively correlated with PIN1 expression
levels. Similarly, PIN1 depletion in human HCC cells
results in the suppression of cell proliferation, reduction
of colony formation in soft agar and abrogation of
tumour development in nude mice. Thus, PIN1 plays a
critical role in hepatocarcinogenesis and the pathways
involved are further discussed in the following sections
(Figure 2).

PIN1 OVEREXPRESSION IN HCC
As PIN1 regulates cellular signalling, PIN1 over
expression typically results in uncontrolled cell
proliferation and tumour formation. A relationship
between PIN1 and cancer was first demonstrated in
breast cancer, in which PIN1 level positively correlated
[20]
with tumour grade . Moreover, PIN1 overexpression
has been found in different cancers, including brain,
[26,46]
breast, cervical, colon, lung and prostate
.
Consistently, several studies have confirmed that
PIN1 mRNA and protein are over-expressed in HCC
tumours, as compared with those of the adjacent non[47-50]
tumourous liver tissues
. In one of the earliest
studies, PIN1 overexpression was found in more than
[47]
50% of HCC samples . In addition, a study from our
group has also demonstrated that PIN1 overexpression
[51]
is more frequently observed in HBV-related HCCs .
[52]
Shinoda et al
has studied the association between
PIN1 expression and clinicopathological characteristics
in HCC. HCC tumours with higher PIN1 expression
show significantly larger tumour size and higher
frequency of portal vein invasion. Moreover, higher
PIN1 expression is also significantly associated with
poorer prognosis, lower overall survival and higher
early recurrence rate (within 3 years) in patients with
HCC. Thus, dysregulation of PIN1 expression is closely
associated with HCC progression.

PIN1 AND b-CATENIN/CYCLIN D1
SIGNALLING PATHWAY
Dysregulation of the β-catenin signalling pathway
resulting from β -catenin gene mutations contributes
to HCC development. Activation of the β-catenin
signalling pathway results in nuclear translocation
of β-catenin protein that in turn activates the
transcription of its target genes, including cyclin D1
[59-62]
and c-Myc
. Up-regulation of cyclin D1 and c-Myc
leads to uncontrolled cell proliferation, malignant
transformation and tumour development. In addition
to β -catenin gene mutations, PIN1 overexpression has
been shown to increase the β-catenin transcriptional
activity towards its target genes, such as cyclin D1,
[18]
c-Myc, PPAR-δ and fibronectin . The mechanism of
PIN1 regulating β-catenin transcriptional activity is
dependent on the direct interaction between PIN1
246
and the phosphorylated Thr -Pro motif of β-catenin.
Such interaction stabilizes β-catenin by inhibiting its
binding with the adenomatous polyposis coli protein
for nuclear export and subsequent glycogen synthase
kinase-3β-mediated degradation of β-catenin.
This leads to increased nuclear accumulation and
transcriptional activity of β-catenin. We have previously
demonstrated that overexpression of PIN1 in HCC
[47]
is associated with β-catenin accumulation . More
importantly, PIN1 overexpression and β-catenin gene
mutations are found to be mutually exclusive events,
further underscoring the role of PIN1 overexpression
in causing β-catenin accumulation in HCC. Therefore,
in addition to the somatic mutations of β -catenin that
[63,64]
occur only in 20% of HCCs
, PIN1 overexpression
is the major mechanism leading to β-catenin
accumulation in HCC.
In addition to β-catenin, PIN1 also binds other
transcription factors to increase their transactivation
activity towards the cyclin D1 gene. In response to
activated c-Jun N-terminal kinases or oncogenic Ras,
63/
PIN1 interacts with c-Jun via its phosphorylated Ser
73
-Pro motif and increases the transcriptional activity
[20]
of c-Jun on its target genes, such as cyclin D1 . PIN1
254
binds the phosphorylated Thr -Pro motif in the p65/
[23]
RelA subunit of NF-κB . This interaction stabilizes NFκB by inhibiting its interaction with its inhibitor IκB to
prevent the nuclear export and subsequent ubiquitinmediated degradation of NF-κB. Moreover, PIN1
increases NF-κB transactivation activity by promoting
276
[52]
phosphorylation of NF-κB at Ser
residue . The

ROLES OF PIN1 IN
HEPATOCARCINOGENESIS
Through catalysing isomerization of signalling
molecules, PIN1 functions as a critical catalyst in
many signalling pathways in cancer. The oncogenic
property of PIN1 was first demonstrated in breast
cancer, as PIN1 can transform breast epithelial cells
[27]
through up-regulation of cyclin D1 . Several studies
have demonstrated that PIN1 expression is positively
correlated with cyclin D1 expression in various types
[20,47,53-56]
of cancer
. A positive correlation has also been
shown between PIN1 expression and centrosome
amplification in breast cancer. Both in vitro and in
vivo studies have demonstrated that PIN1 induces
centrosome duplication, resulting in chromosomes
mis-segregation and genomic instability, which in turn
promote cell transformation and tumour growth in
[57]
transgenic mice .
In hepatocytes, overexpression of PIN1 has
been shown to promote malignant transformation.
PIN1 overexpression in the immortalized but nontumourigenic liver cell line MIHA leads to anchorageindependent colony formation in soft agar and tumour
[58]
formation in nude mice in vivo . The number of
colonies in soft agar and the size of tumours in nude
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Figure 2 PIN1 dysregulation and targets in hepatocellular carcinoma. PIN1 functions as an amplifier to augment the oncogenic activities of key phosphoproteins
involved in HCC tumourigenesis. PIN1 gene expression is up-regulated by various transcription factors, including E2F family and activated NOTCH1 intracellular
domain (NCID), but is down-regulated by miRNAs (miR-200b/c and miR-296). In addition, PIN1 inactivates retinoblastoma protein (Rb), resulting in the release of E2F
for activation of PIN1 expression. Through phosphorylation-dependent prolyl isomerization, PIN1 activates the β-catenin/cyclin D1 signalling pathway by induction
of β-catenin transcriptional activity and stabilization of cyclin D1 protein. In parallel, PIN1 increases the transcriptional activities of c-Jun and NF-κB, leading to an
increase in cyclin D1 transcription. Furthermore, PIN1 stabilizes hepatitis B virus X protein (HBx) and enhances its transactivating activity on downstream target
nuclear factor-kappa B (NF-κB), which in turn increases cyclin D1 transcription. Up-regulation of cyclin D1 leads to uncontrolled cell proliferation and tumourigenesis.
In addition, PIN1 increases the antiapoptotic function of survivin to inhibit apoptosis and contribute to tumourigenesis. Through interaction with Akt and ribosomal S6
kinase (p70S6K), PIN1 also activates the PI3K/Akt/mTOR pathway to promote tumourigenesis. PIN1 enhances the transcriptional activities of hypoxia-inducible factor
(HIF)-1α and activator protein (AP)-1, resulting in up-regulation of angiogenic factor vascular endothelial growth factor (VEGF) and promotion of angiogenesis.

HBx is a gene transactivator that contributes to
hepatocarcinogenesis through up-regulation of the
[71-73]
proto-oncogenes such as c-myc, c-jun and NF-κB
.
Studies have also shown that HBx interacts with p53 to
inhibit the translocation of p53 into nucleus, resulting
in the inhibition of p53-mediated cellular apoptosis
and the development of liver tumour in transgenic
[74]
mouse .
PIN1 overexpression is more frequently observed
in HBV-related HCCs. Moreover, PIN1 directly binds
41
[51]
to the phosphorylated Ser -Pro motif in HBx . This
interaction results in the stabilization of HBx protein,
leading to augmentation of its transactivating activity
on the downstream target genes Bcl-XL, c-myc, and
[51]
NF-κB . Overexpression of both PIN1 and HBx leads
to synergistic increase in cell proliferation in vitro

PIN1-induced nuclear accumulation and activation
of NF-κB result in increased cyclin D1 expression.
Interestingly, PIN1 has also been shown to interact
directly with cyclin D1 itself via its phosphorylated
286
Thr -Pro motif, resulting in protein stabilization and
[17]
nuclear accumulation of cyclin D1 .

PIN1 and HBx

Chronic infection with HBV is a major cause of
[65,66]
HCC
. HBV is a DNA virus that facilitates malignant
transformation by integration into the host genome
[67,68]
to induce chromosome instability
and to alter
the expression of cancer-related genes by insertional
[69]
mutagenesis . In addition, HBV modulates cell
proliferation through the expression of viral proteins,
[70]
in particular, the hepatitis B virus X protein (HBx) .
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92/450

and tumour growth in vivo, as compared with cells
overexpressing PIN1 or HBx alone. These synergistic
effects were totally dependent on the interaction
between PIN1 and HBx. Neither the expression of the
non-PIN1-binding HBx mutants nor PIN1 mutants that
are defective for protein binding or isomerase activity
cause any synergistic increase in cell proliferation and
tumour growth.

found to interact with the phosphorylated Thr
Pro motifs of Akt, resulting in the stabilization of both
473 [81]
total and activated Akt (phosphorylated Ser ) .
Moreover, PIN1 expression is positively correlated
with Akt activation in various types of human tumours
[81]
including breast, nasopharynx and salivary gland .
Therefore, the PIN1-mediated Akt stabilization may be
closely associated with tumourigenesis.
[44]
In addition, Lee et al revealed that PIN1 interacts
with p70S6K and facilitates the insulin-induced pho
sphorylation of p70S6K as well as of its downstream
target extracellular signal-regulated protein kinase
(ERK)1/2 in human HCC cells. Through p70S6K-ERK
signalling, co-expression of PIN1 and p70S6K leads
to a synergistic increase in transcriptional activity of
activator protein (AP)-1, as compared with expression
[44]
of PIN1 or p70S6K alone . The transcription factor
AP-1 regulates gene expression through the formation
of heterodimeric protein with other DNA binding
[82]
proteins, such as c-Fos and c-Jun . Activation of
AP-1 regulates various cellular processes, such as cell
proliferation, apoptosis and transformation, through
activation of genes that encode the cell cycle regulatory
proteins including cyclin D1, p53 and p21. Therefore,
enforced expression of PIN1 enhances the insulininduced neoplastic cell transformation, whereas the
mTOR inhibitor rapamycin that blocks the activation
of p70S6K suppresses PIN1-induced neoplastic cell
[44]
transformation . Hence, the PIN1-p70S6K signalling
pathway enhances AP-1 activity and mediates the
insulin-induced neoplastic cell transformation. Thus,
PIN1 promotes hepatocarcinogenesis partly through
the activation of the PI3K/Akt/mTOR pathway.

PIN1 and survivin

In addition to the dysregulation of cell proliferation,
the tightly regulated programmed cell death (cellular
apoptosis) is frequently impaired in cancers. PIN1 has
also been found to affect cellular apoptosis in breast,
[56,75,76]
prostate and cervical cancer cells
. A recent
study by our group has demonstrated an interaction
34
between PIN1 and phosphorylated Thr -Pro motif of
survivin, an inhibitor of apoptosis protein (IAP), in HCC
[48]
cells . The function of survivin is to inhibit apoptosis
by facilitating its interaction with hepatitis B X-interac
ting protein (HBXIP) and pro-caspase-9, thereby
[77,78]
blocking caspase-9 activation
. The antiapoptotic
function of survivin is critical in a number of cancers,
[79]
including HCC . In our study, we showed that PIN1
overexpression increases the binding between survivin
and pro-caspase-9 via HBXIP, leading to suppression of
caspase-9 and caspase-3-dependent apoptosis in HCC
cells. Moreover, PIN1 promotes HCC tumour growth
through inhibition of apoptosis and PIN1 expression is
positively correlated with survivin expression in HCC
tumours. Therefore, PIN1 enhances the antiapoptotic
function of survivin and plays an important role in
hepatocarcinogenesis through inhibition of apoptosis.

PIN1 and phosphoinositide 3-kinase/serine/threoninespecific protein kinase B (Akt)/mammalian target of
rapamycin pathway

PIN1 and NOTCH1

NOTCH1 signalling pathway plays a critical role in
oncogenesis through the regulation of cell proliferation,
differentiation and apoptosis. Ligand (γ-secretase)induced cleavage of the membrane-bound NOTCH1
receptor releases its intracellular domain. This
intracellular domain of NOTCH1 translocates into the
nucleus and then activates the expression of target
genes, including oncogenes c-Myc and HES1. Hence,
activation of NOTCH1 signalling has been implicated
in tumourigenesis. With immunohistochemistry and
immunoblotting, NOTCH1 overexpression was found
[83]
in 60% of HCCs . In addition, enforced expression of
the activated NOTCH1 intracellular domain completely
rescues the inhibitory effect of γ-secretase inhibitor
[84]
(GSI) on the cell proliferation of HCC cells . As
mentioned above, interaction between PIN1 and
NOTCH1 stimulates the NOTCH1 signalling by relea
[31]
sing the activated NOTCH1 intracellular domain .
Therefore, PIN1 overexpression increases the trans
criptional activity of activated NOTCH1 intracellular
domain and enhances the colony formation in vitro.
Likewise, down-regulation of PIN1 decreases NOTCH1
transcriptional activity, which in turn abrogates tumour

In addition to the β-catenin signalling pathway, the
phosphoinositide 3-kinase (PI3K)/Akt/mammalian
target of rapamycin (mTOR) pathway is another
important oncogenic pathway involved in HCC.
Activation of this pathway is triggered by binding
of multiple growth factors, including insulin and
cytokines, to their respective cell surface receptors.
This leads to the activation of PI3K and its subsequent
downstream targets, including Akt, mTOR, translation
initiation factor 4E-binding protein (4E-BP1) and
ribosomal S6 kinase (p70S6K). Both 4E-BP1 and
p70S6K regulate the translation of cell cycle regulatory
proteins, and therefore, aberrant activation of the
PI3K/Akt/mTOR pathway results in dysregulated cell
cycle progression and tumourigenesis. It has been
reported that mTOR phosphorylation is found in 15%
of HCCs and total p70S6K expression is up-regulated
[80]
in 45% of HCCs . The occurrence of multiple serine
and threonine phosphorylation events in this pathway
suggests that PIN1 may be involved in and contribute
to the development of HCC. Recently, PIN1 has been
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[31]

growth in vivo . Taken together, both in vitro and in
vivo studies demonstrate that activation of NOTCH1
signalling by PIN1 may potentially contribute to
hepatocarcinogenesis.

EGFR-mutant lung adenocarcinoma cells with an EMT
phenotype. In prostate cancer, PIN1 induces cellular
[98]
migration and invasion by interacting with Smad2/3 ,
while PIN1 depletion by siRNA inhibited migration,
[75]
invasion and wound healing ability . In addition to
EMT, PIN1 also regulates focal adhesion kinase (FAK),
which is a critical focal adhesion component for cellcell interaction and migration. By binding to protein
tyrosine phosphatase (PTP)-PEST, PIN1-induced iso
merization enhances the interaction of PTP-PEST with
397
[99]
FAK and dephosphorylates FAK at the Tyr
site .
Dephosphorylation of FAK promotes migration, invasion
and metastasis of Ras-induced transformed cells.
In conclusion, PIN1 enhances cancer cell motility by
controlling the EMT regulating proteins expression as
well as focal adhesion protein activity.

PIN1 and angiogenesis

Angiogenesis is the formation of new blood vessels
that enhances the development and progression of
tumours. HCC is a highly aggressive vascular tumour
that relies on active angiogenesis. Tumour angiogenesis
is mainly regulated by the expression of an angiogenic
factor, vascular endothelial growth factor (VEGF).
VEGF functions to stimulate vascular permeability and
[85,86]
subsequently promotes tumour angiogenesis
. Its
expression is positively correlated with the angiogenic
[87-91]
activity or tumour progression in HCCs
. Recently,
PIN1 has been found to interact with hypoxia-inducible
[92,93]
factor (HIF)-1α under hypoxic conditions
. HIF1α is an important transcription factor for VEGF gene
expression. Down-regulation of PIN1 or suppression
of PIN1 activity reduces the protein stability of HIF1α under hypoxic conditions, resulting in decreased
transcriptional activity of HIF-1α, down-regulation
of VEGF expression and inhibition of angiogenesis in
[92]
vivo . In addition, PIN1 overexpression has been
found to increase the transcriptional activity of AP-1
[94]
and the protein level of VEGF in breast cancer cells .
The transcriptional activity of AP-1 is regulated through
[82]
the formation of heterodimer with c-Fos and c-Jun .
Since PIN1 binds c-Fos and c-Jun, and increases
[20,95]
their transcription activity
, it also enhances the
transactivation activity of AP-1 (c-Jun/c-Fos dimer),
leading to increased VEGF gene transcription. Therefore,
PIN1 may facilitate VEGF-mediated angiogenesis of
HCCs through the regulation of AP-1 activity.

PIN1 AS A NEW DRUG TARGET FOR
HCC TREATMENT
The oncogenic role of PIN1 makes it an attractive
target for the development of anticancer drugs. Most
of the PIN1 inhibitors developed are small molecules
that inhibit its isomerase activity by binding to its
[100]
catalytic active site
(Table 1). The first described
PIN1 inhibitor is Juglone, which irreversibly inhibits
[101]
the PIN1 PPIase activity
. Juglone was found to
suppress tumourigenicity in human cancer cells by
[102]
inducing apoptosis
and reducing number and size
[44]
of colonies in human HCC cells in soft agar assay .
However, in addition to its PIN1-inhibitory activity,
[103]
Juglone also directly inhibits RNA polymerase II
,
rendering it not suitable for clinical treatment of human
[104]
[105]
cancers. Tatara et al
and Uchida et al
have also
screened for additional PIN1 PPIase inhibitors using a
chemical compound library. PiB and dipentamethylene
thiuram monosulfide (DTM) were identified to exhibit
specific inhibitory activity toward PPIase through
binding to the active site of PIN1. Both PiB and DTM
inhibit proliferation of colon carcinoma HCT116 cells by
delaying or blocking cell cycle progression. Moreover,
the same concentration of PiB inhibits proliferation of
wild-type mouse embryonic fibroblasts (MEFs), but not
Pin1-null MEFs, suggesting that PiB is more specific in
suppression of cell proliferation through inhibition of
PIN1. Recently, all-trans retinoic acid was also found to
inhibit PIN1 activity and to suppress cell proliferation in
[106]
breast cancer and acute promyelocytic leukaemia .
However, the specificity of those PIN1 inhibitors
remains a concern as some of them also possess
[100]
parvulin-type PPIases inhibitory activity . In addition
to directly inhibiting PIN1 activity, miRNA-mediated
gene silencing may also be used to knock-down PIN1
expression in cancer cells. The first miRNA mimic
MRX34 has already been tested in phase I clinical trial
[107]
for HCC . PIN1 silencing by miR-200b/c or miR-2965p may provide a new approach for HCC treatment.
The application of PIN1 inhibitors or miRNAs in the

ROLES OF PIN1 IN TUMOUR
INVASIVENESS
Several studies have reported that PIN1 is involved
in cell motility and contributes to cancer cell inva
siveness. PIN1 overexpression promotes migration
of immortalized human breast epithelial cells and
induces epithelial-mesenchymal transition (EMT) with
up-regulation of the mesenchymal markers including
N-cadherin, Zeb1 and vimentin, and down-regulation
[37]
of the epithelial marker E-cadherin . Moreover, the
protein binding WW domain and catalytic isomerization
PPIase domain of PIN1 are essential for the induction
of EMT in breast cancer cells. Consistently, PIN1
silencing suppresses protein expression and promoter
activity of EMT regulator SNAIL, leading to increased
expression of its downstream effector E-cadherin in
[96]
tamoxifen-resistant breast cancer cells . In epidermal
790
growth factor receptor (EGFR) Thr Met mutant lung
cancer tissues, PIN1 expression is also positively
correlated with the mesenchymal markers vimentin
[97]
and Zeb1 . PIN1 expression enhances the survival of
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Table 1 Potential PIN1 inhibitors for cancer treatment
Drug
Juglone
PiB
Dipentamethylene
thiuram monosulfide
All-trans retinoic acid
miRNAs
miR-200b/c
miR-296-5p
Sorafenib

Bortezomib

Details

Status

First PIN1 inhibitor
Irreversibly inhibits PIN1 PPIase activity
Specifically inhibits PIN1 PPIase activity
Inhibits colon cancer cell proliferation
Specifically inhibits PIN1 PPIase activity
Inhibits colon cancer cell proliferation
Binds PIN1 and inhibits its activity
Inhibits breast cancer and APL cell proliferation
Bind to the 3’UTR of PIN1 mRNA
Suppress PIN1 expression in breast cancer and prostate cancer cells

Preclinical

Multi-kinase inhibitor targeting Raf/Mek/Erk signalling pathway and tyrosine receptors
Inhibits angiogenesis and growth of HCC tumours in vivo
Inhibits phosphorylation of PIN1-interacting proteins (Mcl-1 and p70S6K)
Improves overall survival and increases time to progression in HCC patients
Proteasome inhibitor
Suppresses expression of PIN1 and its transcription factor E2F
Inhibits HCC cell proliferation in vitro

Preclinical
Preclinical
FDA approved for
treatment of APL
Preclinical

FDA approved for
treatment of HCC

FDA approved for
treatment of multiple
myeloma

APL: Acute promyelocytic leukaemia; FDA: Food and Drug Administration; HCC: Hepatocellular carcinoma; PPIase: Peptidyl-prolyl isomerase.

treatment of human cancers may be challenged by the
fact that PIN1 is also expressed in normal cells for the
regulation of cell division. PIN1 interacts with p53 to
enhance protein stability and transactivation activity
of p53 to promote cellular apoptosis in response to
[16,24,108]
DNA damage
. Depletion of PIN1 has also been
reported to induce transformation and tumourigenesis
of MEFs through stabilization of oncogenic proteins
[21,22]
Myc and cyclin E
. Therefore, it remains uncertain
whether PIN1 inhibitors would have any adverse effect
on normal tissues. To minimize the detrimental effects
of PIN1 inhibitors on normal cells, a targeted delivery
system may be employed to ensure specific drug
delivery to HCC cells. More importantly, preclinical or
clinical studies are necessary to examine the safety
and effectiveness of the PIN1 inhibitors in cancer
treatment.
Sorafenib is the only approved small molecular
targeting agent for the treatment of advanced stage
HCC. It is a multi-kinase inhibitor that blocks the
Raf/Mek/Erk signalling pathway and inhibits several
receptor tyrosine kinases, including VEGF receptor
2 and 3. In clinical studies, patients who received
sorafenib had longer overall survival and time to
[109,110]
progression
. Recently, in vitro and in vivo studies
have provided further evidence of the efficacy of
[111,112]
sorafenib in suppressing the growth of HCC cells
.
Through inhibition of Raf/Mek/Erk signalling, sorafenib
suppresses proliferation and enhances apoptosis of
HCC cells. Moreover, sorafenib inhibits the angiogenesis
and growth of patient-derived HCC tumour xenografts
in mice. Sorafenib has also been shown to block the
Erk-mediated phosphorylation of Mcl-1, which is
required for interaction with PIN1 and subsequent
[76]
protein stabilization . Indeed, sorafenib also
inhibits the phosphorylation of another PIN1 target,
p70S6K, which induces cell transformation through
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enforced PIN1 expression. Therefore, inhibition of
the phosphorylation of oncogenic PIN1 interacting
partners may be an effective treatment strategy for
PIN1-overexpressing tumours. Furthermore, protea
some inhibitor bortezomib (BZB) has been shown to
suppress HCC cell growth through down-regulation of
[113]
PIN1 and its transcription factor E2F
. As a single
agent, however, the benefit of BZB in advanced
[114]
HCC patients is limited
. Combination of BZB with
other agents as treatment for HCC should be further
evaluated.

CONCLUSION
HCC is an aggressive cancer associated with a poor
prognosis. Conventional treatment options available for
advanced HCC patients are very limited. Identification
of important molecular targets in HCC may lead to
the development of a new therapeutic approach.
Dysregulation of PIN1 expression is associated with
HCC and its expression is positively correlated with
tumour size. Through phosphorylation-dependent
prolyl isomerization, PIN1 functions as an amplifier
to augment the oncogenic activities of its interac
ting proteins in hepatocarcinogenesis. The diverse
oncogenic effects exerted by PIN1 overexpression in
HCC render PIN1 as an attractive therapeutic target
for treatment. In fact, several studies have already
demonstrated that inhibiting PIN1 activity results in the
suppression of cell growth and tumour development.
Further studies and clinical trials are required to
examine the safety and efficacy of PIN1 inhibition in
the treatment of HCC.
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REVIEW

Reprogramming of glucose metabolism in hepatocellular
carcinoma: Progress and prospects
Run-Ze Shang, Shi-Bin Qu, De-Sheng Wang
treatment, the overall prognoses of HCC patients
remain dismal due to the difficulties in early diagnosis
and the high level of tumor invasion, metastasis and
recurrence. It is urgent to explore the underlying
mechanism of HCC carcinogenesis and progression to
find out the specific biomarkers for HCC early diagnosis
and the promising target for HCC chemotherapy.
Recently, the reprogramming of cancer metabolism
has been identified as a hallmark of cancer. The
shift from the oxidative phosphorylation metabolic
pathway to the glycolysis pathway in HCC meets
the demands of rapid cell proliferation and offers a
favorable microenvironment for tumor progression.
Such metabolic reprogramming could be considered as
a critical link between the different HCC genotypes and
phenotypes. The regulation of metabolic reprogramming
in cancer is complex and may occur via genetic mutations
and epigenetic modulations including oncogenes, tumor
suppressor genes, signaling pathways, noncoding
RNAs, and glycolytic enzymes etc . Understanding the
regulatory mechanisms of glycolysis in HCC may enrich
our knowledge of hepatocellular carcinogenesis and
provide important foundations in the search for novel
diagnostic biomarkers and promising therapeutic targets
for HCC.
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Core tip: The reprogramming of glucose metabolism is
one of the peculiar characteristics of cancer cells. This
paper addresses the regulatory mechanism of glucose
metabolism in hepatocellular carcinoma (HCC) and
prospects its future application for HCC treatment.

Abstract
Hepatocellular carcinoma (HCC) is one of the most
lethal cancers, and its rate of incidence is rising
annually. Despite the progress in diagnosis and
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generate ATP, which is a rapid but low-efficiency
[15]
metabolic process . To meet the demands of energy,
biosynthesis and redox for tumor progression, cancer
cells reprogram their metabolic related enzymes and
transporting proteins to facilitate increased glucose
uptake, acceleration of glycolysis and metabolic endproduct excretion (Figure 1).
The initial step of glycolysis is the transportation
of glucose across the plasma membrane into the
cytoplasm, which depends on the family of glucose
[16]
transporters (GLUTs) . Much evidence has shown
that GLUT1-4, particularly GLUT1, are often aberrantly
expressed in different cancer types and significantly
[17-21]
influence cancer glucose metabolism
. Amann et
[22]
al observed that both mRNA and protein expression
levels of GLUT1 were significantly up-regulated in
HCC, and this plays a critical role in glucose transport,
glycolysis and tumor progression in HCC cells.
[23]
Daskalow et al
analyzed GLUT2 expression in 60
HCC samples and revealed the over-expression of
GLUT2 in HCC. Another study demonstrated that
positive GLUT2 predicts worse prognosis in HCC
[24]
patients . To the best of our knowledge, studies of
GLUT3 and GLUT4 in HCC have not been conducted.
Several glycolysis-related key enzymes have
been demonstrated to participate glycolysis and
carcinogenesis in HCC. Hexokinase (HK) family
members catalyze the first key step of glycolysis in
which glucose is phosphorylated to become glucose
6-phosphate (G-6-P). In the HK family, HK2 shows the
highest affinity for glucose and is up-regulated in HCC
[25]
and correlated with poor prognosis . PET-CT scans
showed that over-expression of HK2 promotes the
18
[26]
uptake of FDG in HCC cells , which suggested that
HK2 has a critical role in HCC glycolysis. The latest
study showed that HKDC1, a newly discovered HK
family member, was up-regulated in HCC with poorer
prognosis and inhibited HCC cellular proliferating and
migration in vitro, probably by repression of the Wnt/
[27]
beta-catenin pathway . Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) may also play an important
role in HCC glycolysis. GAPDH used to be regarded
as a stably expressed gene and was commonly
used as a reference gene in the past. Recent studies
have reported the aberrant expression of GAPDH in
malignancies and raised the concern that it may play
[28]
[29]
a role in tumor glycolysis . Gong et al showed that
increased expression of GAPDH promoted glycolysis
and tumor progression in HCC. Moreover, GAPDH was
able to affect glycolysis via regulating metabolismrelated pathways such as the mammalian target of
rapamycin (mTOR)-complex1 (mTOR-C1) signaling
[30]
pathway . Pyruvate kinases (PKs) catalyze the
last step of glycolysis to produce ATP and pyruvate,
which regulates the influx of the glycolysis pathway
together with HK and phosphofructokinase-1. PKs
contain 4 isoforms (PKL, PKR, PKM1 and PKM2) that
are encoded by the PKL and PKM genes. PKL and PKR
are mainly expressed in liver cells and erythrocytes,

INTRODUCTION
Hepatocellular carcinoma is the second leading cause
of cancer-related death in the world, responsible for
[1]
approximately 700000 deaths annually . Although
many treatment options have been developed and
used in the clinic, including hepatic resection, local
ablation, liver transplantation and molecular tar
[2]
geted therapies, patients’ prognoses remain poor .
Etiological studies of HCC revealed that hepatitis
viruses, alcohol and aflatoxin might be the main risk
[3]
factors for HCC . In different areas of the world,
HCC caused by these risk factors alone or together
exhibits great diversity in genotype and phenotype,
which impede the research of HCC. One remarkable
feature of HCC is the alteration of glucose metabolism,
which may be a critical link between the different
HCC genotypes and phenotypes. Thus, a thorough
understanding of cancer metabolism may offer pro
mising therapeutic strategies for HCC in the future.
As early as the 1950s, Otto Heinrich Warburg first
characterized cancer cell metabolism. Cancer cells
principally use the glycolysis pathway to metabolize
glucose and generate ATP whether there is sufficient
oxygen present. This phenomenon now referred to
as the “Warburg effect” was described and lead to
a wave of investigation of cancer metabolism over
[4]
several decades . In the 1980s, the availability of
18
F-deoxyglucose positron emission tomography
(FDG-PET) pushed the study of tumor metabolism to
[5]
the climax . Observations from FDG-PET scanning
revealed that approximately 50%-70% ATP was
[6-8]
generated by glycolysis in different tumor types .
The application of FDG-PET was also recently involved
in the detection and monitoring of metastasis
and the recurrence of HCC and for prediction of
[9-12]
patient’s prognosis
. Moreover, recent studies of
metabolomics offer new mechanistic insights into
aerobic glycolysis and provide promising individualized
therapeutic strategies by targeting the Warburg effect
[13,14]
for treatment of HCC
.
In this article, we will review the recent investiga
tions of glucose metabolism in HCC and summarize
the regulation methods of metabolic reprogramming.
Moreover, we will describe the development of therapy
by targeting cancer metabolism.

REPROGRAMMING OF GLUCOSE
METABOLISM-RELATED ENZYMES AND
TRANSPORTING PROTEINS IN HCC
As previously described, tumor cells rely on the
aerobic glycolysis pathway to consume glucose and
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pyruvate to lactate. Up-regulation of the LDHA subunit
in cancers has been noticed due to its role in promoting
glycolysis and reducing the oxygen dependency of
[36,37]
cancer cells
. A recent study has indicated that
LDHA is up-regulated in HCC cells and promotes tumor
[38]
growth and metastasis . A series of clinical studies
assessed the serum levels of LDH in HCC patients who
[39,40]
were treated with hepatic resection
, transarterial
[41,42]
[43,44]
chemoembolization
and sorafenib
and found a
similar conclusion that LDH may be an easily obtained
biomarker for prognosis prediction and treatment
selection for HCC patients.
Activation of the glycolysis pathway in cancer cells
not only provides sufficient ATP for tumor progression
but also produces acid by-products such as lactate.
To avoid apoptosis caused by the accumulation of
acids in cells, the monocarboxylate transporters
(MCTs) are up-regulated in cancer cells to speed up
the export of lactate into the extracellular milieu.
Aberrant expression of isoforms MCT1, MCT2 and
MCT4 was frequently observed in many cancers
[45]
[46]
including colorectal carcinoma , glioblastoma
and
[47]
gallbladder cancer . The role of over-expressed MCT4
in HCC has been illustrated. It is associated with HCC
[48,49]
progression and poor prognosis
. The latest study
observed the reduced expression of MCT1 and MCT2 in
[50]
HCC . However, the data from another study showed
that MCT1 was over-expressed in HCC cells which
facilitates the lactate exporting and promotes HCC
[51]
glycolysis . Therefore, further studies are still needed
to illuminate the specific role of MCT1 and MCT2 in
HCC glycolysis and progression.

Glucose

GLUT1/GLUT2 ↑
Glucose
HK1/HK2/HKDC1 ↑
G6P
GPI1
F6P
PFK
FBP
ALDA
DHAP

G3P

TIM

GAPDH ↑
B(1,3)PG
PGK
3PG
PGAM
2PG
ENO
PEP
PKM2 ↑
Pyruvate
LDHA ↑
Lactate

MCT4 ↑
Lactate

Figure 1 Reprogramming of glucose metabolism in hepatocellular
carcinoma. Reprogramming of glucose metabolism-related enzymes and
transporting proteins in HCC. The expression of GLUT1, GLUT2, HK2, HKDC1,
GAPDH, PKM2, LDHA and MCT4 are up-regulated in HCC glycolysis pathway.
GLUT: Glucose transporter; HK: Hexokinase; G6P: Glucose-6-phosphate;
GPI1: Glucose-6-phosphate isomerase 1; F6P: Fructose-6-phosphate; PFK:
Phosphofructokinase; FBP: Fructose-1,6-bisphosphatase; ALDA: Aldolase
A, DHAP: Dihydroxyacetone phosphate; TIM: Triosephosphate isomerase;
G3P: Glyceraldehyde-3-phosphate; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase; PG: Phosphoglycerate; PGAM: Phosphoglycerate mutase;
ENO: Enolase; PEP: Phosphoenolpyruvate; PKM2: Pyruvate kinase isoform
M2; PFK: Phosphate fructose kinase; LDHA: Lactate dehydrogenase A; MCT4:
Monocarboxylate transporter 4.

REGULATORY MECHANISM OF GLUCOSE
METABOLIC REPROGRAMMING
Oncogenes and tumor suppressor genes involved
in glucose metabolic reprogramming during
carcinogenesis

Oncogenes are a number of important genes which
are over-expressed or mutated in cancer cells that
triggered the tumor initiation and maintained the
tumor progression. Based on the biological functions,
oncogenes are usually classified as growth factors,
receptor tyrosine kinases, cytoplasmic tyrosine
kinase, regulatory GTPase and transcription factors.
The activation of oncogenes is complex and may be
attributed to the genetic mutations and the tumor
microenvironment. Hypoxic microenvironment is a
crucial factor in the activation of some oncogenes.
The lack of sufficient blood supply in rapidly
proliferating tumor cells leads to hypoxia. HIF-1 is a
key transcription factor that is activated in response to
oxygen deprivation. In cancer cells, HIF-1 promotes
[52]
glycolysis by activating glycolytic enzymes . Over[53]
expression of HIF-1 was observed in HCC samples
and was shown to promote cell proliferation and
resistance to apoptosis by up-regulating FOXM1

respectively, whereas PKM1 is constitutively expressed
in normal cells. The over-expression of PKM2 was
frequently observed in malignances and predicts
[31,32]
worse prognosis
. A recent study demonstrated
that the expression of PKM2 is up-regulated in HCC
[33]
and is a predictor of survival and recurrence . Dong
[34]
et al
revealed the oncogenic role of PKM2 in HCC
proliferation by its regulation of the expression of HIF1α and Bcl-xL. Another study further observed that
PKM2 effects on cell growth depend on a glucose
rather than glutaminolysis pathways by using
PKM2 knockdown-sensitive HCC cells. Additionally,
the switching from PKL to PKM2 was reported to
promote the rate of glucose uptake and increase the
[35]
oxidative stress in hepatocarcinogenesis . Lactate
dehydrogenase (LDH) catalyzes the conversion of
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[66]

transporters . Recently, we investigated the role of
the tumor suppressor gene Ras-related associated
with diabetes (RRAD) in HCC. We found RRAD could
suppress the invasion, migration and aerobic glycolysis
in HCC cells and identified GLUT1 and HK2 as potential
[67]
targets for RRAD . Our results were recently verified
[68]
by Yan et al (Table 1).

Table 1 Oncogenes and tumor suppressor genes involved in
glucose metabolic reprogramming during carcinogenesis

Oncogenes

Genes

Targets

Ref.

HIF-1

HK1
HK2
GAPDH
PKM
LDHA
GLUT1
HK2
MCT1
GLUT1
GLUT1
PKM2
GLUTs
GLUT1
HK2

[55]
[55]
[55]
[55]
[58]
[59]
[60]
[62]
[62]
[65]
[65]
[66]
[67,68]
[67]

Myc

CD147
PIM1
Tumor suppressor
genes

P53
RRAD

Signaling pathways involved in glucometabolic
reprogramming

AMPK pathway: The AMP-activated protein kinase
(AMPK) is ubiquitously expressed in eukaryotes and
acts as an energy status sensor and regulator of
[69]
energy homeostasis . The activation of AMPK by
energetic stress promotes the switching from glycolysis
to oxidative phosphorylation. This switching inhibits the
“Warburg effect” in rapidly proliferating cells, including
tumor cells to spare glucose and restore energy
[70]
homeostasis . At the same time, the activation of
AMPK shuts down the synthesis of RNA, DNA, protein
and lipid to inhibit the cell proliferation and growth.
The downstream effect of AMPK activation on cancer
metabolism has been well established. mTOR is a
crucial downstream modulator of AMPK signaling in
cancer cells. AMPK inhibits the activity of mTOR either
directly or by reducing the activity of the mTORactivating GTP-binding protein, Rheb, via activation
[71-73]
of the Tuberous sclerosis complex 2
. Inactivation
of mTOR suppresses the expression of HIF-1α, a key
[52,74]
regulator of glycolysis, as mentioned previously
.
Recently, several reviews highlighted the regulatory
role of AMPK on GLUT4 membrane translocation and
GLUT1 activation in skeletal muscle cells and other
[69,75]
normal cells
. In HCC, AMPK signaling pathway was
reported to participate in the ciliary neurotrophic factor
[76]
induced GLUT4 translocation and glucose uptake .
Considering the effect of AMPK on the inhibition
of glucose uptake in transformed cells, further
investigations are greatly needed to clarify the role of
AMPK on glucose transporters and glycolytic enzymes
in cancer cells.

GLUT: Glucose transporter; HK: Hexokinase; PKM: Pyruvate kinase
isoform M; LDHA: Lactate dehydrogenase A; MCT1: Monocarboxylate
transporter 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
RRAD: Ras-related associated with diabetes.
[54]

[55]

expression . Hamaguchi et al
analyzed 22
glycolysis-related genes in HCC samples and identified
10 potential transcriptional targets of HIF-1α including
HK1, HK2, GAPDH and PKM. Interestingly, several
[56]
studies showed that HIF-1 could be activated by Ras
[57]
and membrane type-1 matrix metalloproteinase
under normoxic conditions, which may provide new
insights into cancer glycolysis regulation beyond the
hypoxic microenvironment. Myc is another crucial
oncogene involved in the Warburg effect. As a vital
transcription factor, Myc was first linked with glucose
metabolism through its transactivation of LDHA
[58]
expression . A series of glycolytic enzymes were
subsequently identified as direct targets of Myc,
[59,60]
including GLUT1 and HK2
. Moreover, the interplay
between Myc and HIF-1 has also been observed, which
indicates that Myc may play a complementary role in
[61,62]
cancer metabolism under non-hypoxic conditions
.
CD147 (Basigin) is a transmembrane protein that is
highly expressed in tumors. A number of studies have
shown that CD147 is a “Warburg oncogene” due to
its pivotal role in promoting glycolysis and inhibiting
[63,64]
oxidative phosphorylation in cancer cells
. In HCC,
CD147 was reported to reprogram glucose metabolism
by facilitating lactate export, mediated by MCT1, and
promoting glucose uptake by up-regulating GLUT1
[51]
expression . Recently, some newly discovered
oncogenes were also reported to play important roles
in HCC glycolysis. For instance, PIM1 is involved in
both aerobic and anaerobic glycolysis by targeting
[65]
GLUT1 and PKM2 .
Likewise, tumor suppressor genes also have a great
influence on cancer glycolysis. The role of the p53
tumor suppressor gene in cancer metabolism could be
summarized as promoting oxidative phosphorylation
and reducing glycolysis. The effect of p53 on glycolysis
mainly depends on the reduced expression of glucose
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PI3K/Akt/mTOR pathway: The PI3K/Akt pathway
is one of the most frequently activated signaling
pathways in human cancers including HCC. The
PI3K/Akt pathway can be activated by mutated tumor
suppressor genes, signaling from receptor tyrosine
[77]
kinases, or by the PI3K components . The activation
of the PI3K/Akt pathway is involved in cell proliferation,
cell survival, cell cycle progression and cancer
[78]
metabolism . Regulation of glucose metabolism by
PI3K/Akt signaling is mediated by glycolytic enzymes.
Firstly, PI3K/Akt promotes glucose uptake in cells by
increasing the membrane translocation and expression
[79,80]
of GLUT4
. In addition, PI3K/Akt promotes
glycolysis by activating HK and by the binding of
HK2 to the voltage-dependent anion channel in
[81,82]
mitochondria
. Moreover, PI3K/Akt could regulate
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the metabolic shift by regulating GLUT1 expression
[88,89]
in lung and ovarian cancers
. Moreover, miR-1955p inhibits the glucose uptake by down-regulating
GLUT3 expression and thus reduces proliferation in
[90]
bladder cancer cells . The expression of GLUT4 is
[91]
also regulated by microRNAs, including miR-113 and
[92]
miR-223 . MicroRNA-143 is a key regulator of HK2 in
cancer. Studies have shown that miR-143 negatively
regulates the expression of HK2 and thus modulates
[93]
[94]
glycolysis in colon cancer , lung cancer
and head
[95]
and neck squamous cell carcinoma . In breast cancer
cells, HK2 was regulated by the miR-155/miR-143
[96]
cascade at the post-transcriptional level . Burchard
[97]
et al
showed the up-regulation of miR-122 reduced
lactate production and increased oxygen consumption
in HCC. A subsequent study further demonstrated that
miR-122 reduced the expression of PKM2 and thus
[98]
repressed glycolytic activities . Other microRNAs,
including miR-133a/b and miR-326, were reported
[99,100]
to regulate PKM2 expression in cancers
. PFK
catalyzes the conversion from fructose-6-phosphate to
fructose-1, 6-bisphosphate and is over-expressed in
cancers. A recent study showed that the miR-52 family
mediated the regulation of Tat-activating regulatory
[101]
DNA-binding protein on PFK in HCC
. Some
microRNAs were able to regulate multiple glycolytic
enzymes. For instance, miR-34a was reported to
regulate key enzymes including HK1, HK2, GPI, LDHA
[102,103]
and PDK1
. Additionally, miR-199a-3p serves an
important role in the aerobic glycolysis of testicular
[104]
germ cell tumors by targeting MCT1 and PGK1 .
Noncoding RNAs were able to regulate cancer
metabolism by interactions with oncogenes (tu
mor suppressor genes) and oncogenic pathways.
LncRNA-p21 was first discovered as a p53-inducible
lncRNA that mediates p53-related apoptosis in
[105]
mouse cells
. In cancer cells, the hypoxia-induced
LncRNA-p21 was shown to be a direct transcriptional
target of HIF-1α and in turn promoted the stability of
HIF-1α by interfering with the VHL-HIF-1α association.
The hypoxic microenvironment and the reciprocal
regulation of p21 and HIF-1α constructs a positivefeedback loop leading to continual activation of GLUT1
and LDHA expression thus accelerating glycolysis
[106]
in cancer cells
. In another study published in
[107]
2011, Bruning et al
evaluated the interaction
between HIF-1α and miR-155 and proposed that
miR-155 contributes to a negative-feedback loop for
the degradation of HIF-1α-dependent transcription,
under continuous hypoxic conditions. The tumor
suppressor gene p53 is one the most frequent
targets of microRNAs and LncRNAs. MicroRNAs
including miR-125b, miR-504 and miR-1228 can
regulate p53 expression by directly binding to sites
[108,109]
in p53 3’-UTR
. It is worth noting that the overexpression of miR-1228 can negatively regulate p53
expression, and the down-regulation of p53, in turn,
increases miR-1228 expression. This positive-feedback

Table 2 Noncoding RNAs regulate glucose metabolism by
directly targeting enzymes and indirectly targeting glycolysisrelated pathways
Targets
Enzymes

Pathways

noncoding RNAs

GLUT1

miR-340
miR-1291
miR-22
miR-144
GLUT3
miR-195-5p
GLUT4
miR-133
miR-223
HK2
miR-143
miR-155/ miR-143
miR-34a
PKM2
miR-122
miR-133-a/b
miR-326
PFK
miR-52s
LDHA
miR-34a
MCT1
miR-199a-3p
AMPK
miR-451
miR-195
PI3K/Akt/mTOR
miR-125a
miR-7

Ref.
[85]
[86]
[87]
[88,89]
[90]
[91]
[92]
[93-95]
[96]
[102,103]
[98]
[99]
[100]
[101]
[102,103]
[104]
[111-113]
[112]
[114]
[115]

GLUT: Glucose transporter; HK2: Hexokinase 2; PKM2: Pyruvate kinase
isoform M2; PFK: Phosphate fructose kinase; LDHA: Lactate dehydrogenase
A; MCT1: Monocarboxylate transporter 1; AMPK: AMP-activated protein
kinase.

glycolytic enzymes indirectly by regulating the ex
[83,84]
pression of AMPK and HIF-1
.

Noncoding RNAs involved in glucose metabolism

Noncoding RNAs are functional RNAs that are not
transcribed into proteins. In the past, noncoding RNAs
have been regarded as the “noise” in transcription
processes. However, accumulating evidence has
suggested the indispensable role of noncoding
RNAs in various biological processes including gene
transcription and translation. Noncoding RNAs,
especially microRNAs (miRNAs) and long noncoding
RNAs (lncRNAs) are also reported to be involved in
the Warburg effect. The regulatory mechanism of
noncoding RNAs in aerobic glycolysis consists of the
following two aspects: the regulation of glycolytic
enzyme expression and the activation of glycolysisrelated oncogenic pathways (Table 2).
Noncoding RNAs were reported to regulate glucose
uptake in cancer cells by targeting expression of
GLUTs. MicroRNA-340, which increases the glucose
uptake and lactate secretion by increasing the
expression of GLUT1, was decreased in oral squamous
[85]
[86]
cell carcinoma . Yamasaki et al
evaluated the
role of microRNA-1291 in renal cell carcinoma and
found that reduced expression of miR-1291 promotes
cancer cell proliferation and invasion and migration
[87]
by direct targeting of SLCA1/GLUT1. Chen et al
demonstrated that miR-22 regulates GLUT1 expression
and inhibits the proliferation and invasion of breast
cancer. MicroRNA-144 was also reported to mediate
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[110]

loop contributes to the progression of HCC
. Studies
also showed that oncogenic pathways are regulated
by noncoding-RNAs. Down-regulation of miR-451
was originally linked with cancer glycolysis through its
contributions to the adaptation to glucose deprivation
and its effect on the LKB1/AMPK pathway in glioma
[111]
cells
. A further study confirmed that the regulation
of the LKB1/AMPK pathway by miR-451 is mediated
[112]
by MO25 (an upstream modulator of AMPK)
.
Another study discovered a novel reciprocal negativefeedback loop that consists of OCT1, AMPK and
miR-451 in glioblastoma multiforme. Briefly, under
the conditions of glucose deprivation, the activation of
AMPK inactivated OCT1, which subsequently reduced
the level of miR-451, and conversely, sufficient
glucose supply significantly increased miR-451
expression, which in turn impaired the activity of the
[113]
AMPK pathway
. Moreover, microRNAs can regulate
[114]
the PI3K/Akt/mTOR pathway in HCC. Tang et al
reported that miR-125a suppress HCC progression
[115]
by inhibiting the PI3K/Akt pathway. Fang et al
investigated the molecular mechanism of miR-7
in HCC growth and metastasis and revealed the
regulatory role of miR-1 in the PI3K/Akt pathway via
targeting PIK3CD, mTOR and p70S6K.

might be a potential agent in HCC therapy that induced
apoptosis and metabolic inhibition by competitively
[124]
inhibiting GLUT1 .

2-Deoxy-D-glucose and 3-bromopyruvate targeting of
HK

2-deoxy-D-glucose (2-DG) is a glucose analog
that is frequently used in inhibiting glycolysis. The
phosphorylation of 2-DG catalyzed by HK2 in turn
noncompetitively inhibits the activity of HK2 and
leads to the reduction of the glycolytic rate. Several
studies showed increased apoptosis induced by 2-DG
[125,126]
in cancer, including HCC
. However, normal
cells are only arrested in G1 phase of mitosis when
[127]
treated with 2-DG
. 3-bromopyruvate (3-BP) is a
halogenated analog that suppresses the glycolytic
pathway by directly inhibiting HK2 activity. A study
performed on a rabbit VX2 tumor model of liver cancer
showed that 3-BP induced more efficient damage to
hepatoma cells compared with 2-DG. Apart from the
inhibition of HK, this study also revealed that 3-BP
inhibits HCC glycolysis by suppressing mitochondrial
[128]
ATP synthesis . Based on these promising research
achievements in vitro and in vivo, the orphan drug,
[13]
3-BP, has been designated for HCC by the FDA
and
was reported to prolong the lifetime and improved the
[14]
quality of life of a patient with HCC .

Advances in HCC therapy by targeting glucose
metabolism

The metabolic shift from oxidative phosphorylation to
aerobic glycolysis in HCC not only provides abundant
ATP for sustaining tumor survival but also offers a
favorable microenvironment for tumor progression.
As one of the “hallmarks” of cancer, metabolic
reprogramming relies on metabolic enzymes, thus
providing many potential targets that could be
exploited in HCC therapy.

Metformin targeting AMPK pathway

Metformin, a first-line anti-diabetic drug, was linked
to cancer prevalence and therapy because diabetes
mellitus is a risk factor for cancer death in some
cancer types. The association between diabetes
and HCC was evaluated in large populations in the
[129,130]
1990s
. Recent studies demonstrated that
diabetes mellitus is an independent risk factor for
[131,132]
HCC
. The preventive effect of metformin in HCC
has been established. Studies showed a decreased
incidence of HCC in the type 2 diabetic patients who
[133-135]
received metformin therapy
. The results of a
systematic review showed a direct anti-HCC effect
[136]
of metformin in animal models
. The mechanism
of metformin in HCC prevention and therapy in type
2 diabetic patients is closely linked with the AMPK
pathway. Metformin activates the expression of LKB1
and AMPK by increasing the energy stress levels inside
cells. The activated AMPK pathway reduced IRS-1 and
caused the inhibition of insulin/IGF-1 signaling, which
is involved in carcinogenesis and cancer glycolysis
[137]
regulation
. Additionally, AMPK inactivated the
downstream modulator, mTOR, which indirectly re
gulates glycolysis by targeting HIF-1α, as previously
described.

Flavonoids (phloretin, silybin and quercetin) targeting
GLUT

Flavonoids are safe and reliable agents that are
extracted from natural products, which show a broad
spectrum of biological activities with fewer side
[116]
effects
. Phloretin is a natural phenol which could
be extracted from manchurian apricot and apple
tree leaves. Studies showed the ability of phloretin
to suppress cell proliferation and induce apoptosis by
[117,118]
[117]
inhibiting glucose uptake in cancers
. Wu et al
showed that the inhibition of GLUT2 by phloretin leads
to apoptosis in HCC cells. Another study demonstrated
that phloretin strengthens the anticancer effects of
[119]
paclitaxel in HCC
. Another natural compound,
silybin, was identified as a GLUT inhibitor and showed
a significant inhibitory effect on HCC growth in
[120,121]
vivo
. Moreover, a phase I clinical study of silybinphosphatidylcholine has been conducted in advanced
[122]
HCC
. Quercetin is another bioactive flavonoid
which has been proposed as a promising anticancer
[123]
agent
. The latest study showed that quercetin
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CONCLUSION
The reprogramming of glucose metabolism in cancer
is a multi-factor and multi-step process, which can be
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regulated by oncogenes, oncogenic signaling pathways,
and even noncoding RNAs. The developments in
the study of cancer metabolism greatly enriched
the understanding of carcinogenesis and afforded
numerous potential targets to hit the Achilles’ heel of
[138]
cancer
. The agents that target glycolytic enzymes
directly and glycolysis-related pathways indirectly
showed some promising effects in HCC prevention
and therapy in the laboratory. However, the limitation
of glycolysis targeted anti-cancer therapy should be
noted. As multiple enzymes catalyze multiple steps
in the process, there is a complex compensatory
mechanism in cancer metabolism. Therefore, the
inhibitors that specifically target a single modulator
of glycolysis may not have a prominent or persistent
effect on cancer metabolism in the human body. In the
future, the effects of combination drug therapy should
be evaluated. Moreover, noncoding-RNAs, which target
multiple glycolysis-related enzymes and pathways,
are also needed to be carefully considered in future
studies.
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Neuroendocrine carcinomas (NEC) of the pancreas are
defined by a mitotic count > 20 mitoses/10 high power
fields and/or Ki67 index > 20%, and included all the
tumors previously classified as poorly differentiated
endocrine carcinomas. These latter are aggressive
malignancies with a high propensity for distant
metastases and poor prognosis, and they can be further
divided into small- and large-cell subtypes. However
in the NEC category are included also neuroendocrine
tumors with a well differentiated morphology but
ki67 index > 20%. This category is associated with
better prognosis and does not significantly respond
to cisplatin-based chemotherapy, which represents
the gold standard therapeutic approach for poorly
differentiated NEC. In this review, the differences
between well differentiated and poorly differentiated
NEC are discussed considering both pathology, imaging
features, treatment and prognostic implications.
Diagnostic and therapeutic flowcharts are proposed.
The need for a revision of current classification system
is stressed being well differentiated NEC a more
indolent disease compared to poorly differentiated
tumors.
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regarding to pancreatic PDEC .
Moreover, based on the WHO 2010 criteria, a mor
phological well-differentiated tumor showing > 20
mitoses/10 HPF or Ki67 index > 20%, is classified as
NEC. Therefore, the WHO 2010 NEC category likely
comprise all PD-NEC (WHO 2000) but also tumors
morphologically classified as well-differentiated PNETs
[3]
(WHO 2000) but with G3 features . This overlap
between morphologically well- and poorly-differentiated
tumors has strong clinical and therapeutic implications,
since their biological behavior may significantly differ.
In the present paper we review the current know
ledge on pancreatic NEC (PNEC) analyzing their cli
nical and pathological characteristics, treatment and
prognosis, and evaluating potential pitfalls in their
current classification.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we reviewed the available
literature for neuroendocrine carcinomas of the
pancreas with a special focus on the differences
between morphological poorly-differentiated and welldifferentiated tumors. Although the quality of current
evidence is suboptimal because of the retrospective
design of the available studies, morphological welldifferentiated tumors are associated with lower ki67
proliferative index, are less responsive to standard
platinum-based chemotherapy and are associated
with improved survival. The current category of
neuroendocrine carcinomas should be revised taking
into account these differences and new diagnostic
criteria should be considered in order to clearly define
poorly- and well-differentiated tumors.

EPIDEMIOLOGY AND CLINICAL
FEATURES
Pancreatic NEC is rare tumors, accounting for about
5% of all PNENs. They usually arise in adults in the
th
[11]
VI decade of life with a male predominance . Some
patients have associated paraneoplastic syndromes
such as Cushing’s syndrome, hypercalcemia and
carcinoid syndrome. Unlike patients with well-dif
ferentiated NETG1/NETG2 who typically present with
a relatively indolent disease process, most patients
with NEC present with symptoms similar to ductal
adenocarcinoma, including back pain, cachexia, weight
[5]
loss and jaundice .
A specific association between NEC and genetic
syndromes such as MEN1 syndrome has not been
established.

Crippa S, Partelli S, Belfiori G, Palucci M, Muffatti F, Adamenko
O, Cardinali L, Doglioni C, Zamboni G, Falconi M. Management
of neuroendocrine carcinomas of the pancreas (WHO G3): A
tailored approach between proliferation and morphology. World
J Gastroenterol 2016; 22(45): 9944-9953 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i45/9944.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i45.9944

INTRODUCTION
The 2010 World Health Organization (WHO) classi
fication of pancreatic neuroendocrine tumors (PNEN)
introduced a major change compared with the
previous ones. In fact the 2010 WHO system identified
three categories of PNEN based on mitotic count
[1,2]
and ki67 index . The category of neuroendocrine
carcinoma (NEC) was defined by a mitotic count >
20 mitoses/10 high power fields (HPF) and/or Ki67
index > 20% , and included all the tumors previously
classified as poorly differentiated endocrine carcinomas
[1-3]
(PDECs) in the 2000 and 2004 WHO classification .
Pancreatic PDECs are clinically aggressive tumors
characterized by poorly differentiation with features
suggesting endocrine differentiation, a high-proliferative
rate and frequently abundant necrosis with prominent
[4-6]
angioinvasion . The category of PDECs include two
different entities, namely small cell and large cell endo
crine carcinomas. Historically, poorly differentiated
NECs have been considered as nearly equivalent to
small cell lung cancer given the histologic similarities
[7-10]
observed between the two diseases
. As a con
sequence, some of the treatment recommendations
for pancreatic PDEC are based on the small cell lung
cancer literature and there are scant clinical data

WJG|www.wjgnet.com

IMAGING AND STAGING
More than 70% of patients with pancreatic NEC
present with metastatic disease or with locallyadvanced tumors, and only 20% to 30% of patients
[3-5]
are amenable of surgical resection
. Appropriate
diagnosis and staging is of paramount importance
in order to establish the subsequent treatment.
Pancreatic NEC, especially if morphologically PD, may
metastasize virtually to every organ of the body,
although the most common site of metastases is
the liver. For this reason, the whole body should be
studied with imaging techniques to rule out distant
metastases.
Patients with a pancreatic solid mass should
undergo high-resolution imaging techniques including
multidetector computed tomography (MDCT) or
[12-17]
magnetic resonance imaging (MRI)
. Current
guidelines suggest that total-body contrast-medium
[12]
MDCT should be the preferred imaging modality .
MDCT can give information regarding the local spread
of the tumor, the presence of peripancreatic or distant
lymphadenopathy, and of distant metastases. For the
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Particularly when the Ki-67 is greater than 15%,
[22]
the sensitivity of FDG-PET is greater than 92% .
As such, these imaging modalities may be useful
in distinguishing low- vs high-grade tumors. As a
consequence, most morphologically WD NEC usually
18
show a positivity for both 68Ga PET and FDG-PET,
while in morphologically PD NEC with high ki67 index,
18
there is almost exclusively a positivity for FDG[22-24]
PET
. Although PET imaging can be of help in
differentiating poorly- and well-differentiated NEC,
there are still many situations of uncertainty or of mild
18
positivity of both 68Ga PET and FDG-PET; therefore
all data from PET imaging should be always carefully
integrated with clinical and pathological features.
[5]
Tissue biopsy is critical for a number of reasons .
First, tissue biopsy confirms that the tumor is of
neuroendocrine origin. Second, it provides further
data regarding: (1) morphologic differentiation
(i.e, WD NEC vs PD NEC, small cells vs large cells
PDEC); and (2) ki67 index evaluation. In order to
provide these data, it is important to perform a fineneedle ago-biopsy (FNAB) rather than a FNA. These
procedures can be carried out with endoscopic ul
trasound of the primary pancreatic tumor, but FNAB
may be performed on metastases as well. When
18
several metastases are present, FDG positivity may
be of help in order to select for biopsy those lesions
with a higher metabolic activity, that are associated
with a higher ki67 index.

Figure 1 Pancreatic poorly differentiated neuroendocrine carcinomas
of the pancreatic body-tail associated with neoplastic thrombosis of the
splenic vein/portal vein, and with a lymphadenopathy along the stomach.
The patients underwent left pancreatectomy with splenectomy, portal vein
resection with portal vein thrombectomy and partial gastric resection.

purpose of local staging, it is important to assess the
size of the tumor and localization within the pancreas,
its relationship to the MPD and CBD, the major
peripancreatic vessels (celiac trunk and its branches,
superior mesenteric and splenic artery and vein, portal
vein) and other adjacent structures. Pancreatic NET
usually present as hyper vascularized lesions. This
can be also the presentation of NEC, basically when
there is a morphologically WD NEC with a relatively
low ki67 (< 50%). On the other hand, morphologically
PD NEC with higher proliferative index (ki67 > 50%)
may present as a hypo vascularized mass frequently
[14-17]
associated with the presence of necrosis (Figure 1)
.
This latter radiological presentation may resemble that
of pancreatic ductal adenocarcinoma.
Nuclear medicine imaging is generally helpful in
the imaging work-up of PNENs by using a PET camera.
For PNEN imaging, two types of radiotracers are prin
cipally used: those related to receptor expression and
[13,18,19]
those reflecting tumor metabolism
. The first
category includes somatostatin analogues (SSAs)
labeled with the positron emitter 68Ga and the most
often used preparations are 68Ga-DOTATOC, 68GaDOTANOC and 68Ga-DOTATATE besides somatostatin
® [18-20]
receptor scintigraphy imaging (Octreoscan )
.
The use of 68Ga positron emission tomography (PET)
®
or of Octreoscan is helpful in order to confirm the
endocrine nature of the lesion and PET is a useful
tool complementary to CT for staging of regional
[18-21]
and distant metastases
. Of note, when a NEC
is suspected, it is of paramount importance to
18
perform both a 68Ga PET and FDG-PET. In fact
18F
-fluorodeoxyglucose positron emission tomography
18
( FDG-PET) is preferred for tumor detection and
staging as the somatostatin receptor (SSR) expression
[22-24]
of these tumors is generally low or missing
.
Additionally, it has been demonstrated that a significant
correlation exists between FDG-PET positivity and both
Ki-67 and World Health Organization tumor grade.
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PATHOLOGY AND PROGNOSTIC
CORRELATION
As previously mentioned, NEC (WHO G3) is currently
defined by a mitotic count > 20 mitoses/10 HPF and/
[2,3]
or Ki67 index > 20 . However, these tumors may be
reported with a different terminology, including poorly
differentiated carcinomas, high-grade neuroendocrine
tumors, G3 neuroendocrine tumors, G3 NET, and welldifferentiated neuroendocrine tumors with a high
proliferative rate. Historically these tumors have been
defined as PDEC, but with the 2010 WHO classification,
the NEC category has become morphologically and
[2-5]
biologically heterogeneous . In fact, at present, in
the NEC category we may include:
Morphological PD NEC: these tumors were the
[1-3]
previously classified PDEC . Morphological PD NEC
are characterized by a high ki67 index, usually more
than 50%-60%. They represent a group of very
aggressive malignancies which show morphological
and clinical features similar to those of the more
[1-6]
frequent pulmonary PD NEC . Similarly to the lungs,
they have traditionally been divided into the small cell
(Figure 2A and B) and large cell (Figure 3A and B)
subtypes, based on the morphological features of the
[1,7]
neoplastic cells ; various combinations of both small
and large cells can be observed, and the term of “mixed
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A

A

B

B

Figure 2 A small cell poorly differentiated neuroendocrine carcinoma
of the pancreas (A) (haematoxylin-eosin stain) and a small cell poorly
differentiated neuroendocrine carcinoma of the pancreas with high ki67
proliferative index (B, Ki67: 90%).

Figure 3 Shows a large cell poorly differentiated neuroendocrine carcinoma
of the pancreas (A, haematoxylin-eosin stain) and a large cell poorly
differentiated neuroendocrine carcinoma of the pancreas with its Ki67
proliferative index (B, Ki67: 80%).

type” has been proposed for this category.
Patient with morphologically PD NEC have a clinical
behavior similar to that of small cell carcinoma or large
cell neuroendocrine carcinoma of the lung, which is far
worse than that of well-differentiated NETs. In the two
largest series of pancreatic poorly differentiated NEC,
the vast majority of patients had lymph node or distant
[8]
[8]
metastases at presentation . Basturk et al reported
a median survival of 11 mo (range 0 to 104 mo) with
a five-year survival of 16% in a cohort of 44 patients.
[25]
Crippa et al
reported a similar survival in a cohort
of 49 patients with PD NEC (median DSS: 12 mo).
Of note patients with metastatic PD NEC succumb
without treatment within weeks after diagnosis, and
even with systemic chemotherapy the prognosis still
remain severe with an expected survival of less than 6
[8,9,25]
mo
.
Morphological WD NEC: these tumors are welldifferentiated NETs by a morphological point of view
but they have a mitotic count > 20 mitoses/10 HPF
and/or Ki67 index > 20% (Figure 4A and B). Of note,
in this category there is also a small subset of patients
with morphological well differentiated NET with less
than 20 mitoses/10 HPF (G2 by mitotic count), but are
[26]
associated with Ki-67 > 20%. Recently Basturk et al
demonstrated that the clinical behavior of these gradediscordant NET was worse than grade-concordant G2

tumors (median survival 68 mo vs 54 mo), although
the difference was not statistically significant.
Several studies have challenged the assumption
that poorly differentiated histology and high tumor
[5,27-29]
grade are equivalent
. In fact when we consider
morphological WD NEC, these tumors are associated
with a markedly improved survival compared to
morphological PD NEC. In a recent publication from
our group, we found that patients with WD NEC had a
significantly longer survival compared to those with PD
[25]
NEC (43 mo vs 12 mo, P = 0.004) . Similar results
were also reported by other Authors. Vélayoudom[28]
Céphise et al reported a median survival of 41 vs for
WD NEC compared to only 17 mo for PD NEC. Basturk
[26]
et al
found a significantly improved survival for 19
patients with WD NEC compared to 43 PD NEC (median
survival 54 mo vs 11 mo). Tang and colleagues
showed a median disease-specific survival of 55 mo
for WD NEC and of 16 mo for PD NEC.
The presence of low-/intermediate-grade and
high-grade regions within the same NET is largely
interpreted as well-differentiated NETs with progression
[30]
to a more proliferative state (WD NEC) . Some
tumors show features of well-differentiated NETs in
some regions, including a low proliferative rate, but
other regions or metastatic foci show a much higher
proliferative rate along with more atypical cytological
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DIAGNOSTIC FLOWCHART

A

Figure 5 shows a diagnostic flowchart. In the suspect
of a NEC or when there is a cytological diagnosis
of NET with high-grade features, it is of paramount
importance to perform a FNAB in order to collect
tissue for a proper histological evaluation. The first
evaluation should be a morphological one with the aim
of classifying NEC in PD NEC or WD NEC. As previously
discussed, the performance of a combined 68GaPET
18
and of FDG PET may be of help in order to make
a distinction between these two entities, although
PET cannot fully discriminate between the two forms
and data from PET imaging should be carefully
integrated with other clinico-pathologic data. When
morphological evaluation is uncertain or ambiguous,
immunohistochemical studies should be considered.
The loss of DAXX and ATRX are diagnostic for a WD
NEC while the loss of Rb or an abnormal expression of
p53 suggest the diagnosis of PD NEC.

B

MANAGEMENT OF POORLY
DIFFERENTIATED NEUROENDOCRINE
CARCINOMA

Figure 4 Morphological well differentiated neuroendocrine carcinoma of the
pancreas (A, haematoxylin-eosin stain) and morphological well differentiated
neuroendocrine carcinoma of the pancreas with Ki67 proliferative index of
30% (B).

Figure 6 shows the potential therapeutic strategies
for patients with PD NEC. After an accurate diseasestaging, PD NEC can be classified in resectable,
locally-advanced or metastatic tumors. Two recent
studies have demonstrated that surgical resection
of primary pancreatic tumor in resectable PD NEC is
[25,34]
an independent predictor of survival
. However,
surgery alone is rarely curative, and the vast majority
of patients with PD NEC undergoing resection
will develop recurrence, being most recurrences
distant and not local. For these reasons, adjuvant
chemotherapy after curative resection of PD NEC
should be considered, although no prospective studies
[5]
are available to support this practice . Recent North
American NeuroEndocrine Tumor Society guidelines
recommend adjuvant therapy with 4 to 6 cycles of
[6]
cisplatin or carboplatin plus etoposide .
Recently the Nordic Neuroendocrine Tumor Group
published the results of surgical treatments of patients
[34]
with pancreatic NEC . They found, in a limited number
of patients (n = 14) with localized non-metastatic
disease, that surgical resection followed by adjuvant
chemotherapy was associated with improved survival.
However the median disease-free survival in this group
was only 7 mo. Of note 13 out 14 patients developed
early metastatic disease after resection, and this may
be related to the presence of occult metastatic disease
at diagnosis. In view of these results these Authors
suggested that neoadjuvant chemotherapy may be
also considered, but nowadays there are no evidence
to support neoadjuvant chemotherapy in all patients

features.
Unfortunately definitive histological diagnostic
criteria are not clearly defined and accepted. Therefore
further and larger studies are needed in order to better
define and clarify histological diagnostic criteria and
classification of both PD NEC and WD NEC.

MOLECULAR ALTERATIONS
Genomic investigations have found recurrent and
mutually exclusive DAXX and ATRX mutations, which
culminate in loss of corresponding protein expression
in tumor cells, in approximately 44% of pancreatic
[31]
WD-NETs . This genotype is specific for WD-NET
and has not been seen in other pancreatic neoplasms,
[7,30]
.
including PD-NECs
In contrast, pancreatic PD-NECs share some of the
genotypic alterations of conventional pancreatic ductal
adenocarcinoma including frequent gene mutations
in TP53 and, less commonly KRAS, p16, and SMAD4,
but these alterations were not found in pancreatic WD[7,30]
NETs in several studies
.
Moreover, RB1 gene mutations and the associated
loss of Rb protein expression are commonly observed
in high-grade PD-NECs. Specifically, this mutation is
found in more than 90% of small cell PD NEC while
large cell subtype exhibit RB1 mutation in 50% to
[32,33]
60% of cases
. On the contrary, RB1 and TP53
[7,30]
mutations have not been identified in WD-NETs
.
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Neuroendocrine tumor of the pancreas with high-grade features
(> 20 mitoses/10HPF and/or ki67 > 20%, presence of necrosis)

Perform fine-needle ago-biopsy

Evaluate morphology

Uncertain or
ambiguous
morphology

Poorly-differentiated NEC
(small vs large cells)
No or low avidity at 68Ga PET
High avidity at 18FDG PET

Well-differentiated NEC
High avidity at 68Ga PET
No or low avidity at 18FDG PET

Evaluate immunohistochemical
studies

Loss of DAXX or ATRX

Loss of RB or abnormal p53 expression

Figure 5 Diagnostic flowchart algorithm in patients with pancreatic neuroendocrine carcinomas.

Poorly-differentiated NEC

Locally advanced or
metastatic tumors

Resectable
nonmetastatic

Surgery
Evaluate adjuvant
chemotherapy, especially
+
in N patients

Chemotherapy

ki67 ≥ 55%
Platinum-based
chemotherapy
(i.e. , cisplatin + etoposide)

ki67 < 55%
Consider aiternative
regimens to platinumbased chemotherapy
(i.e. , temozolomide + capecitabine)

Figure 6 Different therapeutic options in patients with morphological poorly differentiated neuroendocrine carcinomas of the pancreas. 18FDG-PET:
18
F-fluorodeoxyglucose positron emission tomography.
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Well-differentiated morphology

Resectable

Locally advanced

Surgery

Chemotherapy
(temozolomide- or
streptozocin-based)
Targeted therapies (?)
PRRT (?) ± SSA

Metastatic

Unresectable or
widespread
extra-hepatic
metastases;
liver metastases
requiring major
hepatectomies

Chemotherapy
(temozolomide- or
streptozocin-based)
Targeted therapies (?)
PRRT (?)
± SSA
± RFA and/or TAE/TACE

Resectable
metastases
limited to the
liver

Surgery

Figure 7 Management flowchart algorithm in patients with morphological well differentiated neuroendocrine carcinomas of the pancreas. PRRT: Peptide
receptor radionuclide therapy; TAE: Transarterial embolization; TACE: Transarterial chemoembolization; SSA: Somatostatin analogues.
[5,34]

with resectable PD NEC
.
Patients with locally-advanced or metastatic PD NEC
[6]
should undergo chemotherapy . The role of surgery
in the setting of resectable pancreatic PD NEC with
metastases limited to the liver is debated. Resection
of primary NET in the presence of unresectable
hepatic metastases is controversial, and most data
come from retrospective and heterogeneous cohorts
[35,36]
including mainly NET G1/G2
. Some of these
studies suggest possible benefit of primary tumor
resection, but a bias toward more aggressive surgical
approach in patients with better performance status or
[37,38]
less advanced disease seems likely
. For all these
reasons, palliative resection of the primary pancreatic
NEC in the setting of unresectable liver metastases is
[6,35]
not recommended
. Surgical metastasectomy is not
[6,39]
recommended as well in the management of NEC
.
In fact in small series the median survival after partial
hepatectomy for metastatic NEC from gastrointestinal
[40,41]
tract including pancreas was 6 to 15 mo
. Recently
Partelli and coworkers demonstrated in a multicenter
retrospective study that the presence of pancreatic
neuroendocrine carcinoma G3 was the only factor
independently associated with a poorer survival after
resection in a cohort of 91 patients who underwent
resection of primary NEN with (n = 18) or without (n
[42]
= 73) hepatic resection .
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Ki67 index is important to establish the most
appropriate chemotherapy regimen. In fact ki67
threshold of 55% was predictive for response to
first-line platinum-based chemotherapy in different
[4-6,43,44]
studies
. Patients with PD NEC with ki67 >
55% had a response rate of 42%-67% to treatment
with cisplatin/etoposide, while those with ki67
< 55% were less responsive to platinum-based
chemotherapy (response rate: 15%). In these latter
cases other agents including temozolomide proved to
[39,43,44]
be more effective
. Expected survival in patients
with advanced PD NEC is less than one year, and
performance status represents a significant prognostic
[9,25]
factor
. Patients with poor performance status does
not receive chemotherapy in most cases but only best
supportive care, reaching a median survival time of
only 2 mo in such cases.

MANAGEMENT OF WELL
DIFFERENTIATED NEUROENDOCRINE
CARCINOMA
Figure 7 indicates the management flowchart for
patients with WD NEC. In this setting the treatment
may be more complex than in patients with PD NEC.
In patients with resectable disease surgery with
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curative intent must be considered. In patients with
locally-advanced disease there is a wide range of
possible therapies including temozolamide-based or
streptozocin-based chemotherapy, peptide receptor
radionuclide therapy, somatostatin analogues longacting release and target therapies (i.e., mTOR
[25,35,39]
inhibitor everolimus)
. Unfortunately little
evidence-based data are available to guide therapy,
and the decision to perform a treatment rather than
another one should be individualized considering
morphology, ki67, performance status and primary
aim of the treatment (downsizing/staging).
In patients with resectable primary WD-NEC
associated with resectable metastases limited to
the liver, surgery can be considered with the aim of
obtaining a curative resection, providing that no major
[35,39]
hepatectomies are required
. In patients with
widespread metastatic disease and/or unresectable
metastases limited to the liver, the benefit of a
palliative resection of the primary pancreatic tumor
is uncertain. In these patients there is a wide range
of therapeutic options, including systemic therapies
as well as liver-directed treatments. Again, there is a
lack of strong evidence-based information in order to
plan the most appropriate treatment or to determine
the sequence of treatment to do. However, the less
aggressive biological behavior of WD NEC as well as
the different therapeutic options available can improve
the prognosis of patients with WD NEC even in the
metastatic setting.

4

5
6

7

8

9

CONCLUSION

10

Based on the current data, it is clear that the current
WHO high-grade NEC category should be revised. In
fact NEC constitute a heterogeneous group of neoplasms
including WD NEC and PD NEC. Morphological WD
NEC represents a subgroup with markedly improved
survival while PD NEC are more aggressive tumors.
This difference has significant implications for treatment
and prognosis. A new classification of NEC is required
considering both morphology and ki67 index. Specific
and definite diagnostic criteria for histological diagnosis
of PD NEC and WD NEC are also required.
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AIM
To characterize the role of apolipoprotein B100 (apoB100)
in hepatitis C viral (HCV) infection.
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METHODS
In this study, we utilize a gene editing tool, transcription
activator-like effector nucleases (TALENs), to generate
human hepatoma cells with a stable genetic deletion
of APOB to assess of apoB in HCV. Using infectious cell
culture-competent HCV, viral pseudoparticles, replicon
models, and lipidomic analysis we determined the
contribution of apoB to each step of the viral lifecycle.
We further studied the effect of mipomersen, an FDAapproved antisense inhibitor of apoB100, on HCV using
in vitro cell-culture competent HCV and determined its
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health problem, affecting 185 million individuals
[1,2]
worldwide and 3 million in the United States
.
While highly effective direct-acting antivirals (DAAs)
for HCV have expanded therapeutic armamentarium
against HCV, these drugs may be limited by genotype
specificity, limited success in some subpopulations, and
the potential for development of multiclass resistance
in treatment failures. One successful strategy to
address treatment failures is the targeting host factors
required for HCV infection, which possess a high
[3]
barrier to the development of virologic resistance .
The development of direct-acting and host-targeted
antiviral medications emerged on the heels of a vastly
enhanced understanding of the HCV viral lifecycle,
enabled by the development of robust in vitro models
of HCV. Even prior to characterization beyond non-A
non-B hepatitis, the virus was observed to physically
associate with the low density fraction of human sera
suggesting an association with human lipoproteins.
Indeed, viral RNA could be precipitated with antibodies
[4-6]
against apolipoprotein B100 and apolipoprotein E .
More recent data has demonstrated that the virus
circulates as a highly lipidated lipoviral particle (LVP),
which contains both apoE and apoB, and the lipid
composition of this LVP very closely resembles human
[7,8]
very-low-density lipoprotein (VLDL) .
Despite these observations, the exact role of apoB
in HCV infection remains incompletely characterized.
Data have been conflicting, with some pharmacologic
studies suggesting an important role for apoB, but
RNAi experiments suggesting that apoB does not play
[9-11]
a function at all in HCV infection
. An important
limitation of these in vitro studies has been their use
of hepatoma cells lines which are highly permissive to
HCV, but which do not fully recapitulate the production
of human VLDL.
Novel and specific gene editing tools have been
developed to better understand gene function in
cellular and animal models. One such tool is the
use of transcription activator-like effector nucleases
(TALENs), derived from plant nucleases, which can be
specifically designed to bind target genomic sequences
and result in loss of gene expression. This strategy
generates stable cellular genetic deletions without
requiring antibiotics or transfection, and has minimal
off-target effects. We used this technique to generate
a hepatoma cell line lacking APOB expression and
found HCV infection to be inhibited in the absence of
[12]
apoB . Following these findings, an additional study
utilized zinc-finger nucleases and clarified that apoB
and apolipoprotein E (apoE) both likely play a role
in infectious HCV particle formation and that there
is HCV core accumulation on lipid droplets without
apoB and E expression. Further, additional data has
additionally suggested that apoB is important for cell[13,14]
free transmission of the virus
.
In this study, we characterize the specific contri
bution of human apolipoprotein B 100 to the HCV
lifecycle and determine the effect of an FDA-approved

impact on viral infectivity with the TCID50 method.
RESULTS
We found that apoB100 is indispensable for HCV
infection. Using the JFH-1 fully infectious cell-culture
competent virus in Huh 7 hepatoma cells with TALENmediated gene deletion of apoB (APOB KO ), we found
a significant reduction in HCV RNA and protein levels
following infection. Pseudoparticle and replicon models
demonstrated that apoB did not play a role in HCV
entry or replication. However, the virus produced by
APOB KO cells had significantly diminished infectivity as
measured by the TCID-50 method compared to wildtype virus. Lipidomic analysis demonstrated that these
virions have a fundamentally altered lipidome, with
complete depletion of cholesterol esters. We further
demonstrate that inhibition of apoB using mipomersen,
an FDA-approved anti-sense oligonucleotide, results in
a potent anti-HCV effect and significantly reduces the
infectivity of the virus.
CONCLUSION
ApoB is required for the generation of fully infectious
HCV virions, and inhibition of apoB with mipomersen
blocks HCV. Targeting lipid metabolic pathways to
impair viral infectivity represents a novel host targeted
strategy to inhibit HCV.
Key words: Apolipoprotein; Lipid; Hepatitis C virus;
Gene silencing; Viral replication
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis C virus (HCV) circulates as a
very-low-density lipoprotein (VLDL)-like lipoviral
particle. Apolipoprotein B100 (apoB100) is the core
protein of VLDL, buts its role in HCV has remained
incompletely characterized. Use of gene-editing with
transcription activator-like effector nucleases permits
the characterization of the role of apoB100 in HCV.
We demonstrate that apoB100 is required for HCV
infection. Loss of apoB100 results in the secretion
of HCV virions with an altered lipid composition and
limited ability to infect naive cells. Mipomersen, an
FDA-approved antisense inhibitor of apoB100, has an
anti-HCV effect and limits the viral infectivity.
Schaefer EAK, Meixiong J, Mark C, Deik A, Motola DL, Fusco D,
Yang A, Brisac C, Salloum S, Lin W, Clish CB, Peng LF, Chung
RT. Apolipoprotein B100 is required for hepatitis C infectivity
and Mipomersen inhibits hepatitis C. World J Gastroenterol
2016; 22(45): 9954-9965 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i45/9954.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.9954

INTRODUCTION
Hepatitis C virus (HCV) infection is a major global
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inhibitor of apoB on the virus. The cells used for
this study were Huh7 human hepatoma cells which
over-express the HCV entry co-receptor CD81.
[15]
Huh7 cells do model human VLDL secretion , and
overexpression of CD81 renders them more permissive
to HCV. Using these novel APOB knockout cells, we
[12]
confirm that the loss of APOB inhibits HCV infection
and that apoB expression is indispensable for HCV.
Specifically, its absence results in virus that has a
fundamentally altered lipidome and is significantly
impaired in its ability to infect other cells. Further,
and importantly, we demonstrate a novel use and
potent and dose-dependent anti-HCV effect of an FDAapproved compound which inhibits apoB expression,
mipomersen.

Takaji Wakita (Tokyo, Japan). The constructs were
electroporated into naive cells using the BioRad Gene
PulseXcell electroporation system and then selected
using G418 supplemented media for approximately
three weeks. The G418-resistant colonies were then
pooled and cultured on 10cm dishes. HCV levels were
determined using RNA and protein isolation from cell
lysates.

Infectivity

Virus generated in WT or KO cells was used to
infect highly permissive Huh 7.5.1 cells. Dilutions
were performed to normalize for HCV RNA titer in
the supernatant. The tissue culture infectious dose
(TCID50) per mL was performed using methods
[16]
previously described .

MATERIALS AND METHODS

Lipid extraction

Cell culture

Jc1E2FLAG HCV particles were isolated and the lipid
fraction of the purified Jc1E2FLAG HCV particles was
extracted and purified using the methods previously
[7]
described . The organic phase was collected for use in
LC-MS analysis. Analyses of polar and non-polar lipids
were conducted using an LC-MS system comprised of
an Open Accela 1250 U-HPLC and a Q Exactive hybrid
quadruple orbitrap mass spectrometer (Thermo Fisher
Scientific; Waltham, MA).

TALEN-induced APOB KO Huh 7/CD81 cells were
[12]
generated and maintained as previously described .
All experiments were conducted in triplicate.

HCV infection

JFH1, a genotype 2a HCV isolate, and the Jc1e2FLAG
JFH1 chimera were used for HCV infection. Naive
cells were incubated with the virus for 4-6 h, after
which the viral supernatant was removed. Virus of
identical multiplicity of infection (MOI) was used for
all experiments. Cell lysates were isolated for protein
and/or RNA at the time points indicated. Lysate RNA
was collected using RNEasy isolation kits (QIAGEN,
Valencia, CA). Viral RNA was isolated from the
supernatant using a viral nucleic acid isolation kit
(Roche, Indianapolis, IN). LDL rescue was performed
using commercially available LDL extracted from
human plasma (Sigma, St. Louis, MO). In rescue
experiments, LDL was delivered at a concentration of
2.5 pg/mL following infection with JFH1.

Mipomersen experiments

Huh 7/CD81 cells were treated with escalating doses
of mipomersen as indicated, or mock, at the time
of plating as well as 24 and 48 h following infection.
Cell lysate and viral supernatant were harvested for
analysis at 72 h following infection. Cell viability was
monitored using Cell Titer Glo (Promega, Madison,
WI).

Statistical analysis

Statistical analysis was performed using GraphPad
Prism 5 software (GraphPad software, Inc, La Jolla,
CA) and by a researcher trained in biostatistics. RTQPCR data is represented as the mean with 95%
confidence intervals. Two tailed student’s t-test was
used. A P value of < 0.05 was considered statistically
significant.

Immunofluorescence

Cells were cultured on coverslips and fixed with 4%
PFA at indicated time points. Primary antibodies (LDL-R,
Ab-Cam, Cambridge, MA, and HCV core hybridoma)
were diluted in 10% Donkey Serum, and were stained
with IgG Alexa Fluor 488 secondary antibodies (Life
Technologies, Carlsbad, CA).

RESULTS

Pseudoparticle experiments

APOB KO cells inefficiently support HCV infection

HCV E1 E2 and control VZV pesudoparticles were a
kind gift of Dr. Francois-Loic Cosset (Lyon, France).
Naive cells were plated in 96-well plate and exposed to
HCVpp or VZV for 72 h. The infectivity was determined
using immunofluorescence microscopy.

APOB KO cells were generated as previously described
using TALEN-mediated gene knockout. The parent
cells were Huh7 hepatoma cells over-expressing the
-/HCV entry co-factor CD81 (Huh7/CD81). The APOB
knockout (APOB KO) cells have a < 3% expression
of APOB at the mRNA level and have no detectable
[12]
apoB100 protein .
As we have previously reported, APOB deletion
impaired the ability of the hepatoma cells to support

Replicon experiments

Genotype 2a (JFH-1) full genomic and subgenomic
replicons were provided courtesy of Professor
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HCV infection. Three days following infection with the
fully infectious tissue culture-competent hepatitis C
virus (HCVcc) strain JFH-1, we observed a 72% (95%
CI: 67%-77%, P = 0.01) reduction in HCV RNA and no
detectable core protein (Figure 1A). We then confirmed
this finding in three additional knockout clones
to ensure this finding was not a clone-dependent
phenotype and found that HCV was inhibited in all
studied clones (Figure 1B).
We next sought to determine whether restoring
intracellular apoB100 to the APOB KO cells would,
in turn, allow them to again support HCV infection.
The large size of the full apoB100 protein (550 kda)
made plasmid-based transfection challenging; we
therefore restored intracellular apoB expression via
administration of LDL into the cell media, allowing
for LDL-R mediated uptake of apoB. While it is held
that apoB is degraded following LDL-R mediated
[17]
endocytosis , the fate of apoB in deficient cells is
not known. We confirmed that reintroducing apoB
protein into the APOB KO cells resulted in sustained
intracellular levels of apoB via western blot and
immunofluorescence (Figure 1C and D). Further,
reintroduction of apoB led to a significant increase
in the intracellular levels of HCV RNA and HCV core
protein 72 h following the addition of LDL. These
findings were confirmed with immunofluorescence
staining, which demonstrated cytoplasmic expression
of apoB100 protein following LDL exposure, and
enhanced HCV core protein expression in the LDLtreated knockout cells (Figure 1C-E).
Taken together, these findings suggested that loss
of APOB expression rendered the Huh7 hepatoma cells
non-permissive to the full HCV lifecycle, a state that
was reversed upon reintroduction of apoB into the
cytoplasm.
Further, we confirmed that these changes were not
due to impaired entry using HCV pseudoparticles, a
model of HCV entry. We found that entry of HCV into
the APOB KO cells was not impaired (Figure 2A), and
that the cells were not deficient in known HCV entry
factors (Figure 2B). We next sought to understand
whether replication was affected in APOB KO cells.

been described, in the absence of HCV infection, to
localize to lipid droplets in a so-called “apoB crescent”
[19]
while awaiting either lipidation or degradation . We
therefore hypothesized that apoB100 might play a
role in replication, potentially bridging replication and
assembly, possibly through interactions with core,
NS5A and the lipid droplet.
To determine whether apoB is required for HCV
replication, we utilized both subgenomic and full
genomic replicons derived from the genotype 2a JFH1
virus. The replicons are introduced into the cell by
electroporation and model the intracellular steps of
[20]
HCV propagation, but no live virus is secreted . The
subgenomic replicon lacks the structural HCV proteins
(E1, E2 and core), whereas the full genomic replicon
produces all the HCV proteins. Both replicons were
introduced into the APOB WT and APOB KO hepatoma
[21]
cells as previously described , and the intracellular
HCV levels were determined after antibiotic-mediated
selection for replicon-containing cells. We found no
difference in HCV RNA between the APOB WT and
KO cells using either cellular model, and detected no
difference in the expression of core protein in the full
genomic replicon model (Figure 3A and B).
To further verify these findings, we repeated
these experiments in two additional replicon-based
cell lines: the OR6 cell, which stably harbors a full
[22]
length, genotype 1b HCV genome , and pRep-Feo
cells which contains a subgenomic, genotype 1b HCV
[23]
replicon . Using RNAi-mediated gene silencing, we
knocked down apoB100 expression, and detected no
difference in HCV RNA in either cellular model (Figure
3C). These data provide firm evidence that apoB100
does not play an important role in the replication step
of the HCV lifecycle.

There is decreased production of HCV virion in APOB
KO human hepatoma cells

There are several lines of evidence demonstrating
an association between the HCV virion and VLDL
production. First, there is prior evidence for a proteinprotein interaction between the HCV core protein and
the microsomal triglyceride transfer protein (MTTP),
a protein critical for the lipidation of apoB100, in the
[24]
early stages of HCV assembly . Further, HCV follows
[25]
the pathway of VLDL secretion . However, whether
apoB100 is important for the production of fully
[26-28]
infectious HCV virions has remained controversial
.
Some data have demonstrated that pharmacologic
[10]
inhibition of MTTP blocks HCV assembly , but
inhibition of apoB100 itself has produced disparate
[26,29]
effects on HCV LVP production
. The parent cell line
for the KO cells is competent for VLDL production, and
the knockouts do not display decreased intracellular
levels of either MTTP or apolipoprotein E (data not
shown). We determined that the APOB KO cells have
diminished HCV secretion.
We first examined the quantity of viral RNA released

HCV Replication is not impaired in APOB deficient
hepatoma cells

HCV viral replication takes place on a highly specialized
membranous web formed through the combined
effects of both host and viral proteins, and which is
closely apposed to cytoplasmic lipid droplets. While
apolipoproteins have not been previously suggested
to be directly involved in viral RNA replication, the
lipid droplet is known to play an important role as
a bridge between replication and early assembly.
Approximately 20% of the total cellular HCV RNA
is localized on the lipid droplet, where it has been
demonstrated to co-localize with the HCV core protein
[18]
and the non-structural protein NS5A . ApoB100 has
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Figure 1 APOB genetic knockout Huh 7 hepatoma cells inefficiently support hepatitis C virus. A: Using TALEN genetic deletion of APOB, knockout huh7/CD81
(high) cells were generated (APOB-/-, KO). We demonstrated that these cells inefficiently support hepatitis C virus (HCV) infection with the fully infectious tissue culture
HCV virus, HCVcc (JFH1). There was markedly decreased JFH1 72 h following infection both at the level of HCV core protein and RNA. Data is shown as mean with
95% confidence interval, normalized to WT; B: To confirm this was not a clone-specific effect, three additional clones were infected with the JFH1 virus and intracellular
HCV RNA assessed 72 h following infection. We again found a decrease in HCV RNA in the APOB KO clones (aP < 0.05); C, D: Rescue experiments were performed
by treating cells with human LDL at the same time as infection with the JFH1 virus. We found partial restoration of intracellular apoB expression at 72 h following
exposure (D), and there was a partial restoration of HCV infection, with increased expression of HCV core protein (C), HCV RNA (E), and IF demonstrating increased
HCV core expression in the LDL-treated cells (D). Scale bar: 20 µm.
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Figure 2 Hepatitis C virus entry is not impaired in APOB KO cells. A: Using an hepatitis C virus (HCV) genotype 1b pseudoparticle (HCVpp), cells were exposed
to the pseudoparticle and incubated for 72 h at which time the degree of HCV entry was assessed using GFP expression; a control VZV pseudoparticle (VZVpp) was
also assessed. We that entry of neither HCV nor VZV was impaired in the APOB KO cells; B: We confirmed that the expression levels of known HCV entry factors
CD81, SRB1, CLDN1, OCLN1 were preserved in the KO cells (normalized to WT cell expression level, 1).

into the supernatant 72 h following the infection of the
APOB WT and KO with JFH-1. There was a substantial
and significant reduction in the quantity of HCV RNA
released from the KO cells (Figure 4A).
We then sought to determine whether the virus
that was successfully produced by the APOB KO cells
differed from wild type virus with respect to its ability
to infect naive cell (infectivity). To do this, we exposed
uninfected, highly permissive, Huh 7.5.1 cells to virus
generated by either APOB WT (WT virus) or APOB KO
(KO virus) cells. We normalized the quantity of virus
used for inoculation by the viral RNA titer (to account
for the decreased levels of HCV RNA detected from the
KO cells), and assessed infectivity using the previously
[16]
described TCID50 method . We demonstrated that
the KO virus was significantly less infectious in the
highly permissive Huh7.5.1 cells than the WT Virus
(Figure 4A).
Lipids play an important role in flavivirus production
and entry, and have been implicated in replication
[30-32]
of the dengue virus
. Dengue has a lipid-rich
envelope, and interruption of cholesterol biosynthesis
[33]
impairs its replication and infectivity . To determine
whether the diminished infectivity observed in the KO
HCV virus was related to a defect in lipid metabolism
that is extendable to other flaviviridae, we examined
viral production and infectivity of the Dengue virus

WJG|www.wjgnet.com

using the apoB cells.
After infecting WT and KO cells with dengue virus
and assessing the levels of viral RNA 72 h following
inoculation, we found no difference in the ability of the
APOB KO cells to support dengue infection (Figure 4B).
We analyzed the viral supernatant and additionally
demonstrated that there was no decrease in DNV RNA
produced by the KO cells. Further, after normalizing
for RNA titers, there was no decrease in dengue viral
infectivity (Figure 4C). We thus concluded that the
perturbations observed following deletion of APOB are
not generalizable to dengue virus, and may be specific
to HCV.

HCV virions produced by APOB KO human hepatoma
cells have a fundamentally altered lipidome

The density of viral particles has been described to
be an important predictor of viral infectivity, and the
lipid composition is the major determinant of buoyant
density. The lipid composition of the HCVcc produced
[7]
by Huh 7.5.1 cells has recently been characterized ;
however, the buoyant density of Huh 7.5 cells and
tissue culture-generated virus is lower than that
[34,35]
observed in human serum
, and Huh 7.5 and Huh
7.5.1 cells have not been demonstrated to recapitulate
[15]
the human VLDL machinery, unlike Huh7 cells .
Virus generated by VLDL-competent Huh7/CD81
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Figure 3 Loss of apoB does not impair replication in APOB KO cells. A: A full genomic replicon derived from the JFH1 hepatitis C virus (HCV)cc strain was
electroporated into WT and KO cells which were then selected in culture based on antibiotic resistance. We demonstrated that there was no decrease in intracellular
HCV core or RNA in the KO compared to WT cells; B: A subgenomic replicon, which lacks expression of the E1, E2 and core proteins, was also electroporated into
the cells and again there was no difference in HCV RNA. Data is shown as mean with 95%CI, normalized to WT; C: To confirm these findings, we used replicon cells
with a full genome of a different viral genotype (OR6, 1b and pREP-Feo, 1b) and subsequently knocked down apoB expression using RNAi. There was no difference
in HCV replication in the setting of apoB knockdown. Data is shown as mean ± SD.

cells is more likely to reflect the human LVP, and we
hypothesized that the observed impaired infectivity
reflected an altered lipid composition of the KO virus.
Prior to characterizing the lipidome, we sought
to confirm the presence of apoE in the virus, since
apoE has also been well-described to be important
[36]
for generation of viral particles and viral infectivity
.
Using an ELISA-based assay, we determined that the
KO virus, as expected, had barely detectable apoB100
secreted into the media. We also determined, however,
that there was a modest, but significant, reduction
in the amount of apoE (Figure 5A). This reduction
however was far less than the observed decrease in
infectivity, suggesting that apoE reduction is not the
primary cause of the loss of infectivity.
To characterize the lipidome of HCVcc produced
in WT and KO cells, we utilized a JFH-1 derived,
JC-1 virus with a FLAG-tag on the N-terminus of
the E2 protein (JC1E2FLAG). After harvesting JC-1
virus generated in the APOB WT and APOB KO cells,
we performed affinity purification of HCV virion.
The purified virus was then analyzed using liquid
chromatography/mass spectrometry (LCMS) to
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determine the lipid composition of the virions.
KO virus had a profoundly altered lipidome
compared to WT virus. Specifically, triacylglycerols
and diacylglycerols comprised approximately 15%
of the lipid composition in the WT virus, compared
to close to 30% in the KO virus. Most strikingly, the
primary lipids (accounting for approximately 40% of all
lipids) of WT virus were cholesterol esters, which was
consistent with prior data; however, the KO virus was
completely lacking in cholesterol esters (Figure 5B).
This perturbation alone may account for a substantial
amount of the impaired infectivity of the KO virus:
indeed, two of the known HCV entry receptors, SRB1
and the Niemann-Pick-C1-Like-Receptor1 (NPC1L1)
[37,38]
are described to recognize cholesterol esters
.
We therefore concluded that apoB plays a critical
role in HCV infection, primarily due to its deleterious
effect on generation of infectious virus. Without
apoB, production and secretion of new virion is
impaired, and those virions which are secreted have
a markedly diminished infectivity, which is likely
related to the depletion of cholesterol esters from the
lipidome.
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viral RNA quantified. RNA levels were slightly higher in the supernatant of the KO cells, but the difference was not significant. A similar trend was observed with the
infectivity of the KO generated dengue virus, assessed at DNV RNA at 2 h following infection.
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Figure 5 Hepatitis C virus produced by APOB KO cells has a fundamentally altered lipidome. A: The concentrations of apoB and apoE were determined of
the viral supernatant using ELISA. ApoB levels were barely detected in the viral supernatant of the KO cells. ApoE concentrations were also found to be lower in KO
compared to the WT cells; B: Hepatitis C virus (HCV)cc generated in APOB KO cells has an altered lipidome. Using a Jc1E2FLAG HCV tissue culture fully infectious
virus, viral particles were purified using affinity purification particles were extracted and the lipidome was purified using liquid chromatography - mass spectrometry
(LC-MS). LC-MS demonstrated that the viral particles generated in the APOB knockout cells are completely depleted in cholesterol esters. CE: Cholesterol and
cholesterol esters; TAG: Triacylglycerols; DAG: Diacylglycerols; SM: Sphingomyelins; PC: Phosphatidylcholines; LPE: Lysophosphatidylethanolamines; LPC:
Lysophosphatidylcholines.
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Figure 6 Mipomersen exerts a dose-dependent and potent anti-hepatitis C virus effect. A: Huh7/CD81 high cells were treated with escalating doses of
mipomersen from 200 ug/mL to 1000 ug/mL and then infected with JFH1. At 72 h following infection, there was a dose-dependent inhibition of hepatitis C virus (HCV),
demonstrated at both the RNA and protein (HCV core) level. Data are shown as means with 95%CI (aP < 0.05); B: OR6 genotype 1b replicon cells were treated
with mipomersen for 72 h and no effect was observed on HCV replication; C: There was no negative impact of escalating doses of mipomersen on cell viability; D:
Infectivity of the virus was assessed using the TCID50 method. Virus generated in cells treated with mipomersen had a significant reduction in infectivity compared
with virus generated in mock-treated cells. Data shown as mean TCID50/mL ± SEM.

An FDA-approved anti-sense oligonucleotide against
apoB inhibits HCV virion infectivity

higher mipomersen doses (800 and 1000 µg/mL), and
we observed a dose-response effect. We confirmed
these findings at the level of HCV core protein
expression (Figure 6A). To confirm that the inhibition of
HCV did not occur at the level of HCV RNA replication,
assessed the effect of mipomersen on the OR6 replicon
model, and confirmed that mipomersen had no effect
on viral replication (Figure 6B). We observed no
significant effect on cell viability with escalating doses
of mipomersen (Figure 6C).
The mechanism by which mipomersen exerts
its antiviral effect was confirmed using infectivity
assays. HCVcc was generated in either mock-treated
or mipomersen-treated (800 µg/mL) Huh 7 cells and
TCID50 of the virus assayed. We determined that
the mipomersen-treated virus was significantly less
infectious, with a greater than 2-log reduction in
TCID50/mL (12536 vs 442 TCID50/mL, P < 0.05).
Mipomersen exerts its potent anti-HCV effect by
impairing the infectivity of the virus (Figure 6D).

Based on these findings, we hypothesized that a drug
targeting apoB expression or synthesis would have
potent anti-HCV effect. Mipomersen is an antisense
oligonucleotide against apoB, and inhibits apoB
synthesis at the level of transcription from mRNA.
It has been demonstrated to significantly reduce
production of apoB-containing lipoproteins, most
[39]
notably circulating LDL, in phase III clinical trials ,
and is currently approved by the FDA for the treatment
of homozygous familial hypercholesterolemia. For
its treatment of hypercholesterolemia, it is delivered
as a once-weekly subcutaneous injection and has
been demonstrated to have no significant drug-drug
interactions.
We treated Huh7/CD81 WT cells with mipomersen
at escalating doses and infected the cells with HCVcc
(JFH1). At 72 h following infection, there was an
80%-85% reduction in intracellular HCV RNA with the
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vitro experimentation in cell lines. This study did not
include in vivo experiments, and additional studies
to determine the effect of mipomersen in vivo are
needed.
While the drugs to treat HCV have become highly
effective as direct acting antivirals are emerging into
clinical practice, the most difficult-to-treat patients,
particularly those who have been treated with multiple
DAA classes, may still require alternate regimens and
strategies. In this regard, the “real world” experience
with these novel regimens is not yet proven, and
development of resistance may be a concern when the
drug regimens are adopted for broader use.
Targeting host factors required for the virus is
regarded as a promising avenue for the development
of adjunctive therapies, since this strategy has been
shown to impose a higher barrier to the development
of viral resistance. ApoB targeting with an FDAapproved inhibitor would present an attractive
target. Here we demonstrate the in vitro efficacy of
mipomersen against HCV, and suggests an additional,
readily targeted host factor required for HCV. Further,
we demonstrate that blocking apoB alters viral
infectivity by perturbing the lipidome required to
generate fully infectious virus. The use of a drug to
block this pathway highlights a novel approach towards
the treatment of HCV. While we did not see effect
against dengue virus, drugs which inhibit the infectivity
of a virus by altering the cholesterol composition may
pose a novel new strategy to combat refractory HCV
and other emerging viral diseases.

DISCUSSION
This is the first study to comprehensively characterize
the role of apolipoprotein B100, the core protein of
human VLDL and LDL, in each step of the HCV lifecycle
and to demonstrate that inhibition of apoB100 by
an FDA-approved therapeutic has potent antiviral
effect. Similarities between circulating HCV and
VLDL have long been observed, yet whether human
apolipoprotein B100 is central to the viral lifecycle
has remained uncertain, in part due to the limitations
imposed by the techniques and cellular models used to
date. This study leverages recent advances in genome
editing (TALEN), allowing for specific and complete
gene knockout, combined with a cell line (Huh-7/
CD81) which recapitulates human VLDL synthesis, but
also supports HCV to fully assess the role of apoB in
HCV.
We have established that apoB is not required
for entry or replication, but rather that loss of apoB
renders the Huh7 hepatoma cells deficient in their
ability to support HCV by generating a virus that has
a fundamentally altered lipidome and is significantly
impaired in its ability to infect naive cells. We
determined by mass spectrometry that, in addition
to being deficient in apoB, the generated lipoviral
particles are significantly depleted in cholesterol esters.
It has previously been described that cholesterols are
required to maintain the association between HCV
[40]
and host lipoproteins , and are required for viral
infectivity.
Depletion of the virion of cholesterol esters
may additionally lead to impaired viral entry. SRBI, a receptor which recognizes lipoproteins, is a
[41-43]
well characterized co-entry receptor for HCV
,
and it has been previously characterized that both
lipoproteins and cholesterol esters are important for
[44]
the uptake of HDL by SR-BI . Similar findings have
[45]
been demonstrated in SR-BI-mediated HCV entry .
Thus, the KO virus lacking in cholesterol esters, may
in part have diminished infectivity due to loss of SR-BImediated uptake.
Finally, we demonstrated the in vitro efficacy of
mipomersen, an FDA-approved drug for the treatment
of familial hypercholesterolemia, which inhibits apoB
synthesis using antisense technology. ApoB is therefore
a practical and viable pharmacologic target in anti-HCV
therapy, with an inhibitor already in clinical use. We
showed that treatment with mipomersen significantly
inhibited infection with HCV in a dose-dependent
fashion. Further, similar to what we observed in the
KO cells, we demonstrated that mipomersen exerts
its anti-HCV by generating virus which is significantly
less infectious than untreated virus. This highlights the
possibility of a class of host-targeted antivirals which
would serve as infectivity inhibitors, generating virus
that is crippled in its ability to infect naive cells. The
major limitation of this study is that it is limited to in
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Abstract
AIM
To establish the impact of portal hypertension (PH)
on wait-list/post-transplant outcomes in patients
with polycystic liver disease (PCLD) listed for liver
transplantation.

Informed consent statement: Informed consent was gained
from all study participants who were enrolled onto the transplant
database.
Conflict-of-interest statement: The authors state no conflict on
interest.

METHODS
A retrospective single-centre case controlled study of
consecutive patients listed for liver transplantation over
12 years was performed from our centre. PH in the PCLD
cohort was defined by the one or more of following
parameters: (1) presence of radiological or endoscopic
documented varices from our own centre or the referral
centre; (2) splenomegaly (> 11 cm) on radiology in
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disease (PCKD) at initial diagnosis, 30% can thereafter
[3]
develop liver cysts within 30 years of diagnosis .
Genetic mutations have been identified in patients
with PCLD with downstream protein processing
defects leading to proliferation in cyst-lining epithelia,
fluid secretion into cysts, extracellular membrane remodelling around cysts and finally neovascularization
[4-8]
of the cysts . Eighty percent of patients can remain
asymptomatic or present with mild abnormalities in
[9]
liver function blood tests , whereas some patients
can become symptomatic with enlargement of cysts
and their mass/pressure effects on adjacent organs.
Liver cysts can become infected with a mortality of
[10]
2%
or even in rare cases rupture with severe pain,
haemodynamic instability and/or rarely death.
Treatment options for PCLD can include medical
therapies, interventional radiology, surgical fene
stration/resection or liver transplantation (LT), whilst
renal replacement therapy (RRT) or renal trans
plantation can be performed for PCKD-associated
ESRF in those with PCLD. Transplantation remains an
effective curative treatment for PCLD and is indicated if
disabling symptoms leading to decreased performance
[11]
status or quality of life . In the United states, LT for
PCLD falls into the Model for End-stage Liver Disease
[12]
(MELD) exception guidelines
whilst United Kingdom
guidelines (NHSBT 2009:4.1.2.3) state that a LT
can be performed in the PCLD setting if “intractable
symptoms due to mass of liver or pain unresponsive
to cystectomy, or severe complications secondary to
[13]
portal hypertension” .
Development of portal hypertension (PH) in PCLD
can be a significant concern in advanced disease
manifested by splenomegaly, ascites [without nece
ssarily signs of hepatic venous outflow obstruction
(HVOO)] or variceal formation. PH in the context
of PCLD was described in 35% of patients from a
[14]
European cohort
and often can be notoriously
[15]
difficult to treat , however the clinical course and
outcome of such patients once listed for LT has not yet
been clearly identified. The aim of this study was thus
to establish the impact of clinically apparent PH on
wait-list and immediate post-transplantation outcomes
specifically in patients with PCLD listed for LT.

absence of splenic cysts accounting for increased imaging
9
size; (3) thrombocytopenia (platelets < 150 × 10 /L);
or (4) ascites without radiological evidence of hepatic
venous outflow obstruction from a single cyst.
RESULTS
Forty-seven PCLD patients (F: M = 42: 5) were listed
for liver transplantation (LT) (single organ, n = 35;
combined liver-kidney transplantation, n = 12) with 19
patients (40.4%) having PH. When comparing the PH
group with non-PH group, the mean listing age (PH
group, 50.6 (6.4); non-PH group, 47.1 (7.4) years; p
= 0.101), median listing MELD (PH group, 12; non-PH
group, 11; p = 0.422) median listing UKELD score (PH
group, 48; non-PH group, 46; p = 0.344) and need for
renal replacement therapy (p = 0.317) were similar.
In the patients who underwent LT alone, there was no
difference in the duration of ICU stay (PH, 3 d; non-PH,
2 d; p = 0.188), hospital stay length (PH, 9 d; non-PH,
10 d; p = 0.973), or frequency of renal replacement
therapy (PH, 2/8; non-PH, 1/14; p = 0.121) in the
immediate post-transplantation period.
CONCLUSION
Clinically apparent portal hypertension in patients with
PCLD listed for liver transplantation does not appear
to have a major impact on wait-list or peri-transplant
morbidity.
Key words: Polycystic liver disease; portal hypertension;
liver transplantation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Clinically apparent portal hypertension is
common in patients with polycystic liver disease,
however it appears that this finding does not affect
wait list or post-transplantation outcomes in the shortterm.
Rajoriya N, Tripathi D, Leithead JA, Gunson BK, Lord S,
Ferguson JW, Hirschfield GM. Portal hypertension in polycystic
liver disease patients does not affect wait-list or immediate postliver transplantation outcomes. World J Gastroenterol 2016;
22(45): 9966-9973 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/9966.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.9966

MATERIALS AND METHODS
A single centre retrospective study was performed in
a LT centre (Queen Elizabeth Hospital, Birmingham,
United Kingdom). The study protocol was approved
by the Queen Elizabeth Hospital local clinical audit
committee (Reference CAB:04870-12). Patients
with PCLD listed consecutively over a 12-year period
(January 2000 and December 2012) were included. All
PCLD referred to our centre or undergoing follow-up
(irrespective of transplantation or not) were identified
from a pre-existing transplant database which included
all parameters of listed patient’s illness, liver function,
and if applicable listing criteria and operation/intensive

INTRODUCTION
Polycystic liver disease (PCLD) is an autosomal
dominant condition that has 2 forms - either occurring
in isolated form or combined with cysts in extra[1,2]
hepatic organs . Of those patients who have PCLD
associated with extra-hepatic cysts, 80%-90%
have renal cysts and can develop progressive renal
impairment ultimately leading to end-stage renal
failure (ESRF). In those with only polycystic kidney
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2

< 60 ml/min/1.73 m on at least 2 occasions and
[17]
sustained .
Normally distributed continuous variables and
non-parametric continuous variables were compared
using the Student’s t-test and Mann-Whitney test,
2
respectively. χ analysis or Fisher’s exact test were
used for comparison of categorical data. Patient
survival after transplantation was estimated using
Kaplan-Meier plots with log-rank test for differences.
Patients were censored at time of last known followup. Data was analysed using the SPSS 21 package
(SPSS Inc, Chicago, IL, United States). All values are
expressed as mean and standard deviation, median
and inter-quartile range (IQR) and number and
percent (%) as appropriate. P < 0.05 was considered
statistically significant at all times.

Table 1 Comparison of features of portal hypertension
between the groups requiring single liver transplant and
those requiring combined liver/kidney transplant (note some
patients had > 1 manifestation)

Ascites
Varices1
Splenomegaly2
Thrombocytopenia3

Single organ
liver (n = 15
with portal
HBP)

Combined
liver/kidney (n
= 4 with portal
HBP)

P value

8
1
7
3

3
0
2
2

0.582
0.745
0.585
0.379

1

Confirmed endoscopically or radiologically on CT; 2Confirmed on
imaging without evidence of splenic cysts; 3Platelet count < 150 × 109.
HBP: Hypertension.

care unit (ICU) spell details (including data on blood
product usage and follow-up). Details on nutritional
status except listing weight were not routinely
available.
The decision to start patients on RRT whilst on
the waiting list was made by the local Nephrology
team and decision to perform combined liver/kidney
transplantation was made together by the Hepatology
and Nephrology teams at a multi-disciplinary
transplantation listing meeting. Patients were listed
for LT based on symptoms after vigorous multiprofessional assessment process. Validated symptom
questionnaires were not used as part of this study,
rather cases were discussed on an individual basis by
the clinical team during the transplantation assessment
process. Symptoms were normally secondary to liver
cysts causing intractable pain, poor quality of life,
malnutrition, recurrent liver cyst infection, or those
symptoms secondary to the development of PH. The
transplant assessment process involved standard
radiological assessment by the surgical team via
Ultrasound (US), computed tomography (CT) and/or
magnetic resonance imaging (MRI). Liver volumetric
measurement data was not performed during this time
period.
PH in the PCLD cohort was defined by the one
or more of following parameters: (1) presence
of radiological or endoscopic documented varices
from our own centre or the referral centre; (2)
splenomegaly (> 11 cm) on US, CT or MRI in absence
of radiological splenic cysts accounting for increased
imaging size; (3) thrombocytopenia (platelets < 150 ×
9
10 /L); or (4) ascites without radiological evidence of
HVOO from a single cyst. Patients were assessed and
listed for a combined kidney/liver transplant if they
had concomitant ESRF with the main measurement of
renal function being the estimated glomerular filtration
rate (eGFR), determined using the Modification of
[16]
Diet in Renal Disease Study 4-variable equation .
This was then confirmed with an isotopic GFR where
required or recommended by the nephrology team.
Chronic kidney disease (CKD) was defined as eGFR
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RESULTS
Patient demographics and portal hypertension
manifestations

A total of 75 patients were identified with PCLD
attending our centre during the 12-year period. Of
this overall cohort 32 patients (42.5%) had signs in
keeping with clinically apparent PH. Of the overall
cohort (n = 75), 47 patients (62.7%) were listed for
LT (35 patients listed for single organ and 12 patients
listed for combined liver/kidney). Of the 35 patients
listed for single organ liver transplantation 15 had PH
(42.9%) and of the 12 listed for combined liver/kidney
transplant 4 had PH (33.3%) (p = 0.410). There were
no differences in how PH was manifested between the
groups (Table 1) irrespective if receiving a single organ
liver transplant or combined liver/kidney transplant.
When comparing the PH group and those without
(non-PH group - Table 2), at listing, baseline characte
ristics were similar between the groups. Characteristics
were similar with regards to age (PH 50.6 years, nonPH 47.1 years, p = 0.101) and gender (p = 0.683). The
patients’ liver synthetic function was similar between
the PH group and non-PH groups (Bilirubin p = 0.965,
INR p = 0.173) and United Kingdom Model for EndStage Liver Disease (UKELD) (PH 48, non-PH 46, p =
0.344)/MELD scores (p = 0.344/PH 12, non-PH 11,
p =0.422) were similar between the groups. 84.2%
of patients with PH had CKD stage III-V compared to
67.9% of patients without (p = 0.179). 19.2% and 7.1%
of PH and non-PH patients were dialysis dependent
respectively (p = 0.317).

Outcomes on the list

Thirty-four patients were transplanted by the time
of data analysis (72.3%). Two patients with PH died
prior to transplantation (sepsis and progressive liver
disease) and 1 patient without PH (progressive liver
disease). Of the remaining 10 patients not transplanted
at time of data analysis, 9 were still active on the
waiting list and 1 patient had been removed from the

9968

December 7, 2016|Volume 22|Issue 45|

Rajoriya N et al . Impact of portal hypertension in polycystic liver disease
Table 2 Comparison of patient demographics between
patients with and without portal hypertension
Listing parameter

Age (yr)
Female gender
Bilirubin (µmol/L)
INR
Creatinine (mmol/L)
Platelet count (× 109)
Sodium (mmol/l)
MELD score
UKELD score
Chronic kidney disease1
Dialysis dependant

P value

Portal hypertension Non-portal
(n = 19)
hypertension
(n = 28)
50.6 (6.4)
17 (89.5)
8 (6-11)
1.1 (1.0-1.2)
106 (104-436)
177 (147-242)
139 (137-143)
12 (9-21)
48 (44-50)
16 (84.2)
3 (15.8)

Table 4 Intensive care unit requirements and hospital stay
between the portal hypertensive and non-portal hypertensive
groups in patients receiving a combined liver/kidney transplant

47.1 (7.4)
25 (89.3)
8 (6-12)
1.1 (1.0-1.1)
119 (92-201)
234 (198-242)
140 (138-142)
11 (8-16)
46 (45-48)
19 (67.9)
2 (7.1)

0.101
0.683
0.965
0.173
0.508
0.012
0.483
0.422
0.344
0.179
0.317

Intra-operative
RCC (units)
FFP (units)
Plts (units)
ICU stay (d)
Hospital stay (d)
RRT in ICU
immediately post-op

Chronic kidney disease defined as stage Ⅲ-Ⅴ [17]. INR: International
normalized ratio; MELD: Model For End-stage Liver Disease; UKELD:
United Kingdom Model for End-Stage Liver Disease.

3 (1-4)
10 (1-18)
0
3 (3-4)
9 (7-13)
2/8 (25%)

4 (2-7)
8 (7-14)
3 (0-10)
2 (2-4)
10 (7-12)
0/14 (0)

P value

0.238
0.973
0.145
0.188
0.973
0.121

13 (4-19)
15 (7-23)
10 (3-10)
5 (3-7)
16 (12-18)
3/4 (75%)

9 (3-19)
14 (5-18)
10 (0-20)
7 (3-41)
15 (12-49)
3/8 (37.5%)

0.933
0.683
0.683
0.368
0.808
0.273

DISCUSSION

FFP: Fresh frozen plasma; ICU: Intensive care unit; Plts: Platelets; RCC:
Red cell concentrate; RRT: Renal replacement therapy.

Patients with PCLD can have variable courses of
their disease with the majority of patients remaining
asymptomatic. As the liver cysts grow, patients can
start to develop symptoms due to local mass effect such
as: right upper quadrant pain, early satiety and postprandial fullness (due to pressure effects on adjacent
stomach). Patient can also develop shortness of breath
(due to liver volume burden), and direct compression
of the portal vein/inferior vena cava. Symptoms also
may be due to complications of the cysts such as
haemorrhage, infection or rupture. Treatment can
be broadly divided into medical, radiological and
surgical. Medical treatments include somatostatin
analogues which reduce the secretion of fluid into
[18-22]
the cysts and inhibit cholangiocyte proliferation
and have been shown to be effective in reducing liver
volume when compared to placebo and effective in
[23-25]
improving symptoms
. Radiological treatments can
include interventional radiological arterial embolization
or injection sclerotherapy of cysts, whilst surgical
techniques include cysts fenestration, resection or
transplantation. The choice of surgical technique often
is dependent on factors such as: symptoms, cyst
characteristics, volume of normal liver parenchyma and

waiting list (as had declined a transplant after being
listed). The median time from listing to transplantation
for PH patients was 72 d (IQR 34-524) and for non-PH
patients was 139 d (IQR 48-390) (p = 0.466).
In the single organ LT patients (n = 22), the
median time from listing to transplantation for patients
with PH was 49 d (IQR 16-426) compared to 139 d (IQR
53-345) (p = 0.188) for patients in the non-PH group.
In the combined liver/kidney transplant patients (n =
12), the median time from listing to transplantation
for PH patients was 289 d (IQR 58-551) and for
those in the non-PH group 210 d (IQR 16-579) (p =
0.933). Overall, when the length of time of the list was
compared, there were no significant differences found
in the median time on the list between the PH group (n
= 12) [72 d (IQR 34-524)] and the non-PH group (n =
22) [139 d (IQR 48-390), p = 0.466]. On follow up 3
patients died on waiting list (2 with PH).

ICU spells/requirements and hospital stays

In the patients who underwent LT alone, there was no
difference in the duration of ICU (PH group 3 d; non-
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P value

PH group 2 d, p = 0.188) and hospital stay (PH group
9 d; non-PH group 10 d, p = 0.973). There was no
difference in frequency of RRT (PH group 2/8; non-PH
group 1/14, p = 0.121) with similar observations made
in the patients who underwent combined liver-kidney
transplantation (data not shown). There were no
differences found (in the single organ liver transplant
or the combined liver/kidney group) when transfusion
requirements were assessed between the PH groups
and the non-PH groups (Tables 3 and 4). The duration
of ICU spells post-transplantation were similar [3 d in
PH group vs 2 d in non-PH group (p = 0.188)]. Also
overall hospital stays were similar between the groups
(9 d in PH group vs 10 d in non-PH group, p = 0.973).

Table 3 Intensive care unit requirements and hospital stay
between the portal hypertensive and non-portal hypertensive
groups in patients receiving a single organ liver transplant

Intra-operative
RCC(units)
FFP(units)
Plts (units)
ICU stay (d)
Hospital stay (d)
RRT in ICU
immediately post-op

Non-portal
hypertensive
group (n = 8)

FFP: Fresh frozen plasma; ICU: Intensive care unit; Plts: Platelets; RCC:
Red cell concentrate; RRT: Renal replacement therapy.

1

Portal
Non-portal
hypertensive
hypertensive
group (n = 8) group (n = 14)

Portal
hypertensive
group (n = 4)

9969

December 7, 2016|Volume 22|Issue 45|

Rajoriya N et al . Impact of portal hypertension in polycystic liver disease
also patency of hepatic/portal veins - with the surgeons
[26]
[27]
often using Schnelldorfer et al
or Gigot et al ’s
classification to aid with decisions. LT remains an effective
curative treatment for patients with PCLD with indications
varying but indicated if decreased performance status
[11,28]
or quality of life
then LT can be offered. LT has been
shown to improve domains of quality of life in a series
[29]
of 36 patients
with 11% of patients in this study
[30]
having PH. Recent Australian national guidelines
summarised that treatment of liver cysts should be
directed at reducing liver volume when the patients
were highly symptomatic, with options including
sclerotherapy, fenestration, segmental resection and
transplantation (Level 1D evidence).
PH in chronic liver disease is the established key
event leading to such complications such as ascites
and variceal formation. PH results from mechanical
obstruction due to fibrosis or regenerative nodules
resulting in increased resistance to flow. In PCLD this
may be the case secondary to flow distortion due to
large cysts and thus their compressive effects leading
to increased intrahepatic resistance. In cirrhosis and
PH a hyperdynamic circulation develops in response
to changes in haemodynamics, manifested as high
cardiac output with low systematic vascular resistance
[31]
and arterial hypotension . In our centre portal
pressure measurements are not routinely performed
and could be deemed a criticism of this retrospective
study however the technique to gain the hepatic
venous pressure gradient (HVPG) measurement
can indeed be difficult in patients with PCLD due to
[32]
distorted anatomy
with lack of reporting of such
measurements in other PCLD studies where PH has
[14]
been assessed . Varices in non-PCLD patients are
[33]
more likely to develop if the HVPG is > 10 mmHg
however the role of HVPG measurements in the PCLD
patient cohort requires further clarification in future
studies. In young patients with PCLD who have early
signs of PH, congenital hepatic fibrosis should also be
[34]
considered as a potential cause of PH .
In our study we sought to explore if any differences
in outcome in PCLD patients with PH once listed for LT
to those who did not. To our knowledge our study is
st
the 1 paper to analyse such subgroups in this manner
in patients listed LT. The overall number of patients in
such studies in PCLD has not been large and indeed
those with PH described. In a review of 9 studies in
[35-43]
patients with PCLD
a median of 8 patients (range
3-17) was found - this compares to 47 patients listed
for LT in our single-centre study. Mortality rates in the
series studied ranged from 0%-50% on follow up and
the number of patients with PH however was not clear.
[14]
In one such multicenter study , 58 patients were
pooled together from 75 centres via the European Liver
and Intestinal Association (ELITA) - with 35% patients
having PH (compared to 42.9% of patients listed for LT
in our study - a single centre). By analysing in such a
manner, we have established to seek if there was any
difference in patients who had clinically apparent PH as
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a consequence of PCLD on their outcome once listed
for transplantation. Ascites in the context of HVOO can
be exudative due to high permeability of the dilated
[44]
sinusoidal walls to proteins . Patients with HVOO
can also however present with transudative ascites,
abdominal pain and hepatomegaly in 90%-96% of
[34]
cases . By taking established markers of clinically
apparent PH and applying it to the PCLD cohort, we
attempted to stratify the patients and assess for
any differences in outcome once listed for LT. The 2
groups appeared to be well matched patient groups
at time of listing between the PH and non-PH groups
especially when assessing their liver synthetic function
(Table 2), again suggesting clearly the mechanism
in developing PH in this cohort is different to those
patients with cirrhosis who can develop PH and
synthetic liver dysfunction with progressive disease.
Patients with PCLD often have preserved liver function
as reflected by low UKELD and MELD scores - thus
[12]
PCLD patients fall within MELD
exception guidelines
and also the variant syndrome United Kingdom listing
[13]
criteria . When comparing the groups who had single
LT compared to those having a combined kidney/
liver transplant there appeared to be no significant
differences in the type/manifestation of clinically
apparent PH that these 2 groups had. The advent of
PH importantly did not appear to affect the immediate
post-transplantation course of the patients, with
similar requirement for blood product use between the
groups and similar post-operative ICU and hospital
stays. PH in the context of transplantation for cirrhosis
does often cause a need for blood product requirement
with tendency to bleed from the high pressure portal
circulation or the coagulopathy associated with
cirrhosis. This however did not appear the case in this
cohort.
There are shortcomings however of this retro
spective study that should be noted with the main
one the perceived small numbers of patients over a
long-period of time. It could be argued that in PCLD
studies large cohorts are not a regular finding but our
numbers are comparable if not larger then already
[35-43]
published series
. In a multicentre European study
only 58 patients were gained from 75 sites (0.77 per
[14]
site)
thus making our cohort a relatively fair one
for a single centre. To answer the question in a more
robust manner, larger multicentre databases could
be generated or analysed with well defined criteria
for clinically apparent PH to replicate our study on a
larger setting. Another criticism may be the apparent
lack of portal pressure studies not a routine practice in
our centre however the difficulties of this have been
mentioned previously. Another criticism may be the
amalgamation of those patients with ascites along with
those with other features as mentioned above of PH.
Without HVPG measurements in this group, we think it
is difficult to tease out specific mechanisms of ascites
formation in this cohort of patients. Where possible,
patients protein levels of ascites were checked how
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ever was not always commonplace over the whole
12 years of this study, and patients with ascites due
to PCLD can have a mixed picture when analysing
[34,44]
protein content as mentioned
. By grouping
these together who have clinically significant ascites
(thus impaired quality of life and function) who often
required large volume paracentesis (with the potential
for introduction of infection) we included them in
our cohort as they may have had worse clinical
outcomes. However even when this was done, both
the PH group and non-PH group had similar outcomes
with regards to survival and with operative/post
ICU spell parameters. Also irrespective of the actual
pathophysiological mechanism of ascites formation,
once present and is not managed by conventional
therapies, LT assessment would be considered in our
centre due to the effects on the patient’s quality of life.
The study period was conducted before the advent
of high resolution volumetric studies in our institution
hence we did not comment on liver volumes or those
of kidneys retrospectively, and their role in predicting
outcome peri- or post-transplantation from our retro
spective data set. Also owing to the retrospective
nature of the data there was no data available on
advanced nutritional aspects of the patients such as
[45]
actual sarcopenic measurements with CT something
that is now practiced in our centre. With either ascites
or pure weight-related effect of the liver cysts, weight
would not be an accurate measurement for such a
cohort thus not commented upon. Data was also not
retrospectively available if women (the majority of our
cohort) were on the contraceptive oral contraceptive
pill (COCP). The presence of PCLD has been shown to
[46]
be related to the COCP usage in patients with PCKD .
Another area to comment is the lack of validated
symptom questionnaires in our study to assess
[29]
improvements with transplantation. Kirchner et al
showed there was indeed a symptomatic improvement
in domains related to health post-LT, however moving
forward looking at symptom assessment improvement
via validated questionnaires between groups with PH
and not would be interesting. A final note is caution to
the estimated 15-year post-transplantation survivals
with no obvious difference found between the groups
[47]
(p = 0.138). In a recent study from Neijenhuis et al
a disease specific questionnaire was developed and
validated in a European and United States cohort.
Moving forward, this questionnaire could be used in
prospective studies involving the PH-component of
PCLD.
In conclusion, this retrospective single-centre study
has shown that clinically apparent PH in patients listed
for LT is common, however also our data suggests
that PH may not impact on wait-list and peri-/postoperative outcomes in our cohort of patients studied.
st
To our knowledge this is the 1 study to assess a
PCLD cohort in such a manner. The advent of PH
and the complications in the PCLD cohort should
be remembered by physicians and surgeons alike
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especially when patients are being assessed for liver
transplantation, however does not appear clinically
apparent PH affects outcome once the decision has
been made to transplant such patients, especially in
the hands of skilled surgeons.
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Abstract
AIM
To investigate the contribution of polymorphisms in
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the CYP1A1 , CYP2E1 and EPHX1 genes on sporadic
colorectal cancer (SCRC) risk.

activation mediated by xenobiotic-metabolizing enzymes
(XMEs). The CYP2E1*5B and CYP2E1*6 polymor
phisms were associated with SCRC, as well as the
CYP2E1*5B (C ) and CYP2E1*6 (A ) haplotype (minor
alleles). Polymorphisms in several genes encoding
these XMEs may be involved in alterations in gene
expression related to important processes of colorectal
carcinogenesis such as inflammation and angiogenesis.

METHODS
Six hundred forty-one individuals (227 patients with
SCRC and 400 controls) were enrolled in the study.
The variables analyzed were age, gender, tobacco and
alcohol consumption, and clinical and histopathological
tumor parameters. The CYP1A1 *2A, CYP1A1 *2C
CYP2E1 *5B and CYP2E1 *6 polymorphisms were
analyzed by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP). The
EPHX1 Tyr113His, EPHX1 His139Arg and CYP1A1 *2C
polymorphisms were detected by real-time PCR. Chisquared test and binary logistic regression were used
in the statistical analysis. Haplotype analysis was
conducted using the Haploview program, version 2.05.

Fernandes GMM, Russo A, Proença MA, Gazola NF, Rodrigues
GH, Biselli-Chicote PM, Silva AE, Netinho JG, Pavarino
ÉC, Goloni-Bertollo EM. CYP1A1, CYP2E1 and EPHX1
polymorphisms in sporadic colorectal neoplasms. World J
Gastroenterol 2016; 22(45): 9974-9983 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i45/9974.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i45.9974

RESULTS
Age over 62 years was a risk factor for SCRC
development (OR = 7.54, 95%CI: 4.94-11.50, P
< 0.01). Male individuals were less susceptible to
SCRC (OR = 0.55, 95%CI: 0.35-0.85, P < 0.01). The
CYP2E1*5B polymorphism was associated with SCRC in
the codominant (heterozygous genotype: OR = 2.66,
95%CI: 1.64-4.32, P < 0.01), dominant (OR = 2.82,
95%CI: 1.74-4.55, P < 0.01), overdominant (OR =
2.58, 95%CI: 1.59-4.19, P < 0.01), and log-additive
models (OR = 2.84, 95%CI: 1.78-4.52, P < 0.01).
The CYP2E1*6 polymorphism was associated with
an increased SCRC risk in codominant (heterozygous
genotype: OR = 2.81, 95%CI: 1.84-4.28, P < 0.01;
homozygous polymorphic: OR = 7.32, 95%CI:
1.85-28.96, P < 0.01), dominant (OR = 2.97, 95%CI:
1.97-4.50, P < 0.01), recessive (OR = 5.26, 95%CI:
1.35-20.50, P = 0.016), overdominant (OR = 2.64,
95%CI: 1.74-4.01, P < 0.01), and log-additive
models (OR = 2.78, 95%CI: 1.91-4.06, P < 0.01).
The haplotype formed by the minor alleles of the
CYP2E1*5B (C) and CYP2E1*6 (A) polymorphisms
was associated with SCRC (P = 0.002). However, the
CYP1A1 *2A, CYP1A1 *2C, EPHX1 Tyr113His and EPHX1
His139Arg polymorphisms were not associated with
SCRC.

INTRODUCTION
Sporadic colorectal cancer (SCRC) includes mali
gnancies that occur in the large intestine (colon) and
rectum. This type of cancer is the fifth most common
cancer in Brazil. In 2016, an estimated 34280 new
cases of SCRC will be diagnosed in Brazil, according to
a survey conducted by the National Cancer Institute
[1]
(INCA) . This is the third most common cancer
worldwide with an estimated 136100 new cases
each year, mainly in developed regions. The overall
mortality rate is estimated to be 694000 deaths, 8.5%
of all cases. Fifty-two percent of these deaths occur in
[2]
developing regions of the world . The main etiological
[1]
factors related to SCRC are age over 50 years and
[3]
[4]
tobacco and alcohol consumption .
Tobacco and alcohol are environmental carcinogens
responsible for the release of exogenous compounds,
including reactive oxygenated intermediates (ROMs)
represented by benzo[a]pyrene (BaP) N-nitrosamines,
heterocyclic amines (HAs) and polycyclic aromatic
hydrocarbons (PAHs). These compounds are metabo
lically activated in electrophilic forms before interaction
with DNA, and they generate adducts and contribute
[5]
to tumor initiation .
The elimination of these environmental carcinogens
requires metabolic activation mediated by xenobioticmetabolizing enzymes (XMEs), such as cytoch
rome P-450 (CYP) and epoxide hydrolase (EPHX1).
Polymorphisms in several genes encoding these
XMEs are responsible for metabolism errors, which
can contribute to the development of several cancer
[5-7]
types .
In the liver and intestine, Phase Ⅰ oxidative
enzymes convert the compounds to highly reactive
metabolites by introducing one or more hydroxyl
groups in the substrate, increasing its water solubility
and converting it into a form that will be more easily
expelled. These enzymes, including CYPs and EPHX1,
are involved in cellular pathways required for the

CONCLUSION
In conclusion, the results demonstrated that CYP2E1*5B
and CYP2E1*6 minor alleles play a role in the develop
ment of SCRC.
Key words: Single-nucleotide polymorphisms; Colorectal
neoplasms; Cytochrome P-450 CYP2E1; Cytochrome
P-450 CYP1A1; Epoxide hydrolases 1
Core tip: Sporadic colorectal cancer (SCRC) includes
malignancies that occur in the colon and rectum.
This type of cancer is the third most common cancer
worldwide. The main etiological factors are age over
50 years and tobacco and alcohol consumption. The
elimination of environmental carcinogens contained
in tobacco, as well as alcohol, requires metabolic
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carcinogenesis process, such as the metabolism of
eicosanoids, the biosynthesis of cholesterol and bile
acids, steroid synthesis, biogenic amine synthesis and
degradation, vitamin D3 synthesis, hydroxylation of
[5,6,8]
retinoic acid, and arachidonic acid metabolism
.
Single-nucleotide polymorphisms (SNPs) in genes
encoding XMEs can modify the enzyme expression
or function and, consequently, alter the activation or
detoxification of carcinogenic compounds. The balance
between metabolic activation and detoxiﬁcation can
affect the risk of cancer once DNA adducts play an
[5,6]
important role in the carcinogenic process .
SNPs in the CYP1A1 and CYP2E1 genes, which
encode important XMEs, can lead to alterations
of the function of these enzymes, resulting in the
activation of carcinogens, which are involved in
[5]
tumor initiation . These polymorphisms have been
[9,10]
associated with colorectal cancer development
.
Among the polymorphisms, the main ones are
CYP1A1*2A (rs4646903), resulting in the substitution
of thymine for cytosine (T3801C) in the poly (A) tail
[11,12]
of the 3’ untranslated gene region
; CYP1A1*2C
(rs1048943), resulting from the transition of adenine to
[13,14]
guanine (A2455G)
; CYP2E1*5B (rs3813867), with
the substitution of guanine for cytosine at the -1293
[12,15]
nucleotide position
; and CYP2E1*6 (rs6413432),
caused by the alteration of thymine to adenine at
[16,17]
position 7632 of the gene
.
EPHX1 Tyr113His (rs1051740) and EPHX1
His139Arg (rs2234922), functional polymorphisms of
[18]
the EPHX1 gene, have been well characterized . These
polymorphisms are associated with the susceptibility
[19,20]
to SCRC
. The EPHX1 Tyr113His polymorphism,
located at position 337 in exon 3 of the EPHX1 gene,
is characterized by a substitution of the amino acid
histidine for tyrosine at position 113 of the protein. This
change leads to a decrease of approximately 40-50%
of the enzyme activity and stability in vitro. The
polymorphism EPHX1 His139Arg, localized in exon 4 at
position 416 of the EPHX1 gene, results in the amino
acid substitution of arginine to histidine at position
139 of the protein. These modifications increase the
[18,21]
enzyme activity and stability by 25%
.
In the present study, we investigated the association
between the CYP1A1*2A, CYP1A1*2C, CYP2E1*5B,
CYP2E1*6, EPHX1 Tyr113His and EPHX1 His139Arg
polymorphisms and SCRC risk, the interaction
between these polymorphisms with tobacco and
alcohol consumption, and the association of SCRC with
sociodemographic factors.

tobacco and alcohol consumption, and family history
of cancer or adenomatous polyps and lesions were
collected using a standard interviewer-administered
questionnaire. The ethnicity was not evaluated during
this study because of the miscegenation of the studied
population.

Study populations

Six hundred twenty-seven individuals (227 patients
with sporadic colorectal cancer and 400 controls)
were included in the study (Table 1). The recruitment
of patients and controls, as well as the collection of
peripheral blood and clinical and histopathological
data, was performed between 2010 and 2013 at the
Coloproctology Service of Hospital de Base/Sao Jose
do Rio Preto Medical School, Sao Jose do Rio Preto, SP,
Brazil. In the present study, it was not necessary for a
follow-up of the individuals. The case group consisted
of individuals with a clinical and histopathological
diagnosis of SCRC. The exclusion criteria were patients
with hereditary cancer and those previously treated
with chemotherapy and/or radiotherapy. The control
group consisted of healthy individuals, blood donors
with no history of a cancer diagnosis and no family
history of cancer in at least three previous generations
and other diseases according to the criteria of the
[22]
American Association of Blood Donors .
We considered smoker individuals as those patients
who consumed >100 cigarettes in a lifetime. We
considered alcohol drinkers as those patients who
consumed > 1 drink per week (one drink was defined
as approximately 44 mL of liquor or 118 mL of wine or
[23]
350 mL of beer) .
Tumors were TNM classified according to the
following three criteria: the tumor extent (T), the
presence of regional lymph node involvement (N)
[24]
and the presence of distant metastasis (M) . T1
and T2 tumors were classified as smaller tumors, and
T3 and T4 tumors were classified as larger tumors.
Lymph node involvement was classified according to
its absence (N0) and presence (N1, N2, N3). Tumors
were classified as non-aggressive (stage Ⅰ and Ⅱ)
and aggressive (stage Ⅲ and Ⅳ) according to the
[25]
clinical staging (TNM) . Information about TNM
was impossible in all cases. The analysis of these
parameters was performed in a smaller group.
Therefore, for the analysis of tumor extension, only
200 samples were analyzed. For the analysis of
regional lymph node involvement, 198 samples were
analyzed. For the evaluation of aggressiveness, 114
samples were included in the analysis.

MATERIALS AND METHODS

Nucleic acid extraction

Approval and consent

DNA extraction was performed from peripheral blood
leukocytes according to the procedure by Miller and
[26]
collaborators with modifications . Quantification
and the purity of DNA samples were determined
by absorbance at a wavelength (λ) at 260 and 280
TM
nm using the Picodrop Pico200 spectrophotometer

After approval by the Ethics in Research Commit
tee CEP/FAMERP, protocol No. 012/2012 (CAAE:
0237.0.140.00011), the individuals who agreed to
participate in the study signed an informed consent
form. Information about current and past occupations,
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Table 1 Sociodemographic data of patients with sporadic colorectal cancer and controls n (%)
Variables
Gender
Female
Male
Age (mean)
< 62
≥ 62
Tobacco consumption
Non-smokers
Smokers
Alcohol consumption
Non-drinkers
Drinkers

1

95%CI

P value

1.00 (reference)
0.55

0.35-0.85

< 0.012

105 (46.3)
122 (53.7)

1.00 (reference)
7.54

4.94-11.50

< 0.012

243 (60.8)
157 (39.2)

131 (57.7)
96 (42.3)

1.00 (reference)
1.12

0.73-1.70

0.60

218 (54.5)
182 (45.5)

127 (55.9)
100 (44.1)

1.00 (reference)
1.44

0.93-2.24

0.10

Control

Case

(n = 400)

(n = 227)

125 (31.3)
275 (69.7)

106 (46.7)
121 (53.3)

350 (87.5)
50 (12.5)

OR

Odds ratio (OR) adjusted for age, gender, tobacco and alcohol consumption and polymorphisms in the dominant model; 2Significant P values < 0.05.

1

(HWE). The software Minitab, version 16.0, was used
to perform the normality test (similar to the ShapiroWilk method) of the variable age, and a binary logistic
regression model was used to evaluate the association
between the variables and SCRC and also to evaluate
the association of polymorphisms with clinical and
histopathological parameters after the adjustment for
age, gender, and tobacco and alcohol consumption.
The SNPStats software (available at: < http://
bioinfo.iconcologia.net/SNPstats_web>) was used
to perform binary logistic regression to evaluate the
association of polymorphisms with SCRC risk in the
log-additive model (major allele homozygotes vs
heterozygotes + minor allele homozygotes with weight
2), the dominant model (major allele homozygotes
vs heterozygotes + minor allele homozygotes),
the recessive model (major allele homozygotes +
heterozygotes vs minor allele homozygotes), the
codominant model (heterozygotes vs major allele
homozygotes and minor allele homozygotes vs major
allele homozygotes), and the overdominant model
(major allele homozygotes vs heterozygotes + minor
allele homozygotes), after adjustment for age, gender
and tobacco and alcohol consumption. The SNPStats
program was also used to evaluate the potential
interaction between the polymorphisms and tobacco or
alcohol consumption, adjusted for the other variables
on SCRC risk. The results are presented as odds ratios
(ORs) and 95%CI. Linkage disequilibrium between
the polymorphism and haplotype frequencies was
determined using the Haploview program, version
2.05. Results with a P value < 0.05 were considered
statistically significant. The statistical review of the
study was performed by a biomedical statistician.

Table 2 Description of the primers sequences and restriction
enzymes for CYP1A1 *2A, CYP2E1 *5B and CYP2E1 *6
polymorphisms analysis
Polymorphisms

CYP1A1*2A
Sense
Antisense
CYP2E1*5B
Sense
Antisense
CYP2E1*6
Sense
Antisense

Sequence of primers

5’-GA TGA AGA GGT GTA GCC GCT-3’
5-TAG GAG TCT TGT CTC ATG CCT-3’
5’-CCA GTC GAG TCT ACA TTG TCA-3’
5’-TTC ATT CTG TCT TCT AAC TGG-3’
5’-TCG TCA GTT CCT GAA AGC AGG-3’
5’-GAG CTC TGA TGC AAG TAT CGC-3’

Restriction
Enzyme
T/t
MspI
37 ℃/3 h
PstI
37 ℃/3 h
DraI
37 ℃/3 h

(Thermo Scientific).

Polymorphism genotyping

The genotyping of CYP1A1*2A (rs4646903), CYP2E1*5B
(rs3813867) and CYP2E1*6 (rs6413432) polymor
phisms was performed by polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP).
The primer sequences used for amplification and the
enzymes used to identify polymorphic sites are shown
in Table 2.
EPHX1 Tyr113His (rs1051740) and EPHX1
His139Arg (rs2234922) and CYP1A1*2C (rs1048943)
polymorphism genotyping was performed by real-time
PCR. The reactions were established according to the
manufacturer’s protocol (Applied Biosystems) with
specific primers and probes validated (TaqMan MGBprobes: Assay ID C__14938_30, C__11638783_30
and C_25624888_50, respectively). The reactions
TM
were performed using the Step One Plus Real-Time
PCR System (Applied Biosystems).

RESULTS

Statistical analysis

The normality test was performed for the variable age,
which had a normal distribution (P < 0.01). Table 1
shows the sociodemographic data of the SCRC patients
and controls. Age over 62 years (mean age of the case
group; OR = 7.54, 95%CI: 4.94-11.50, P < 0.01)

Descriptive statistics included the mean values,
standard deviation for continuous data and percentages
for categorical data. The BioEstat software, version 5.0
was used to evaluate the Hardy-Weinberg equilibrium
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heterozygous or homozygous polymorphic genotypes
for the CYP2E1*6 polymorphism.
Regarding the clinical and histopathological para
meters of SCRC, the most common variables were
tumor extension T3 and T4 (61.63%), the absence of
lymph node involvement (52.91%) and the rectum
as the primary site (52.09%). The polymorphisms
were not associated with clinical and histopathological
parameters (data not shown).
Haplotype analyses were conducted to evaluate
the combined effect of the polymorphisms on SCRC
development. The CYP1A1*2A and CYP1A1*2C
polymorphisms in our study were in strong linkage
disequilibrium [logarithm of odds (LOD) = 39.44;
Lewontin’s D’ (D’) = 0.711]. The haplotype CA (minor
alleles for both polymorphisms) was not associated
with SCRC (P > 0.05).
The CYP2E1*5B and CYP2E1*6 polymorphisms
were also in linkage disequilibrium [logarithm of
odds (LOD) = 10.15; Lewontin’s D’ (D’) = 0.39].
The haplotype formed by minor alleles (CA) of both
polymorphisms presented a higher frequency in the
case group (P = 0.002).
The EPHX1 Tyr113His and EPHX1 His139Arg
polymorphisms were not in linkage disequilibrium in
the population studied (logarithm of odds (LOD) =
0.17; Lewontin’s D’ (D’) = 0.124).

Table 3 Alleles frequencies of CYP1A1 *2A, CYP1A1 *2C,
CYP2E1 *5B, CYP2E1 *6, EPHX1 Tyr113His and EPHX1
His139Arg polymorphisms in the sample of this study
Polymorphisms
CYP1A1*2A
CYP1A1*2C
CYP2E1*5B
CYP2E1*6
EPHX1 Tyr113His
EPHX1 His139Arg

Allele
T
C
A
G
G
C
T
A
T
C
A
G

Control

Allele
frequencies

Case

n

n

Allele
frequencies

617
183
699
101
751
49
710
90
586
214
615
185

0.77
0.23
0.87
0.13
0.94
0.06
0.89
0.11
0.73
0.27
0.77
0.23

383
71
416
38
381
73
345
109
340
114
373
81

0.84
0.16
0.92
0.08
0.84
0.16
0.76
0.24
0.75
0.25
0.82
0.18

and male gender (OR = 0.55, 95%CI: 0.35-0.85, P <
0.01) showed a statistically significant association with
SCRC.
The allelic frequencies of the polymorphisms are
shown in Table 3. The genotype frequencies are in
HWE equilibrium in both groups for the CYP2E1*5B,
CYP2E1*6, EPHX1 Tyr113His and EPHX1 His139Arg
polymorphisms. For the CYP1A1*2A and CYP1A1*2C
polymorphisms, only the case group is in HWE
2
equilibrium (CYP1A1*2A case: χ = 3.08 and P = 0.08,
2
2
control: χ = 4.97 and P = 0.03; CYP1A1*2C case: χ
2
= 3.40 and P = 0.06; control: χ = 8.59 and P = 0.003).
HWE analysis was performed in case-control studies to
verify if the allele frequency is similar to the expected
frequency throughout the generations and to allow the
investigation of the association between an allele and
pathological conditions.
The results of the association between the six
polymorphisms with SCRC are shown in Table 4.
CYP2E1*5B and CYP2E1*6 polymorphisms were
associated with SCRC in all genotype models, except
for the log-additive for CYP2E1*5B because the
minor allele was not represented in the control group.
CYP1A1*2A, CYP1A1*2C, EPHX1 Tyr113His and
EPHX1 His139Arg polymorphisms were not associated
with SCRC.
In the present study, the interaction of the presence
of polymorphisms and tobacco or alcohol consumption
with the SCRC risk was not demonstrated (Table
5). We observed that heterozygous or homozygous
polymorphic genotype carriers for the CYP2E1*5B
polymorphism showed an increased SCRC risk
independent of tobacco consumption (non-smokers:
OR = 2.69 and 95%CI: 1.41-5.10; smokers: OR = 2.68
and 95%CI: 1.33-5.41) or alcohol consumption (nondrinkers: OR = 3.07 and 95%CI: 1.63-5.80; drinkers:
OR = 3.90 and 95%CI: 1.82-8.38). The same was
observed for non-smokers (OR = 2.89; 95%CI:
1.7-4.93) or smokers (OR = 2.99, 95%CI: 1.58-5.64)
and non-drinkers (OR = 3.1, 95%CI: 1.80-5.48) or
drinkers (OR = 4.10, 95%CI: 2.18-7.72) carrying
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DISCUSSION
The results of the present study showed that indivi
duals aged 62 years and older are more susceptible
to SCRC, corroborating the data reported by previous
studies, which established that age is a risk factor
[1,10,19,20]
for this disease
. We also observed that male
subjects were less susceptible to SCRC, although the
[1,21]
incidence of SCRC is similar between genders
.
In the present study, the CYP2E1*5B and CYP2E1*6
polymorphisms were associated with increased
SCRC risk. The CYP2E1 haplotypes formed by both
minor alleles (CA) were also associated with SCRC.
[10]
[27]
The CYP2E1*5B
and CYP2E1*6
polymorphisms
can enhance the transcription of the CYP2E1 gene
and increase the level of enzyme activity. CYP2E1 is
involved in arachidonic acid metabolism, producing
hydroxyeicosatetraenoic acids and epoxyeicosatrienoic
acids, which have been implicated in inflammation and
vascular endothelial growth factor-dependent angio
[28-30]
genesis
. Furthermore, CYP2E1 is involved in reactive
oxygen species (ROS) production, which is related to
angiogenesis induction and metastatic growth of tumor
[31]
cells . Therefore, the increase in enzyme activity as a
result of the CYP2E1 polymorphism may contribute to
an increased risk of cancer.
Studies have also shown an association between
[10,27,32,33]
the polymorphic genotype of CYP2E1*5B (CC)
[10,34]
and the polymorphic genotype of CYP2E1*6 (AA)
and increased SCRC risk in Caucasians. However,
in other studies, these polymorphisms were not
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Table 4 Association of CYP1A1 *2A, CYP1A1 *2C, CYP2E1 *5B, CYP2E1 *6, EPHX1 Tyr113His and EPHX1 His139Arg
polymorphisms with sporadic colorectal cancer
Models

Genotype Control, n (%) Case, n (%)

CYP1A1*2A
Codominant
T/T
246 (61.5)
T/C
125 (31.3)
C/C
29 (7.2)
Dominant
T/T
246 (61.5)
T/C-C/C
154 (38.5)
Recessive
T/T-T/C
371 (92.8)
C/C
29 (7.2)
Overdominant T/T-C/C
275 (68.8)
T/C
125 (31.2)
Log-additive
T/T
246 (61.5)
T/C
125 (31.3)
C/C
29 (7.2)
CYP2E1*5B
Codominant
G/G
351 (87.8)
G/C
49 (12.2)
C/C
0
Dominant
G/G
351 (87.8)
G/C-C/C
49 (12.2)
Recessive
G/G-G/C
400 (100)
C/C
0
Overdominant G/G-C/C
351 (87.8)
G/C
49 (12.2)
Log-additive
G/G
351 (87.8)
G/C
49 (12.2)
C/C
0
EPHX1 Tyr113His
Codominant
T/T
214 (53.5)
T/C
158 (39.5)
C/C
28 (7)
Dominant
T/T
214 (53.5)
T/C-C/C
186 (46.5)
Recessive
T/T-T/C
372 (93)
C/C
28 (7)
Overdominant T/T-C/C
242 (60.5)
T/C
158 (39.5)
Log-additive
T/T
214 (53.5)
T/C
158 (39.5)
C/C
28 (7)

1

1

OR (95%CI) P value Genotype Control, n (%) Case, n (%) OR (95%CI)

165 (72.7)
53 (23.3)
09 (4)
165 (72.7)
62 (27.3)
218 (96)
09 (4)
174 (76.7)
53 (23.3)
165 (72.7)
53 (23.3)
09 (4)

1.00 (reference)
0.76 (0.49-1.18)
0.59 (0.25-1.39)
1.00 (reference)
0.73 (0.49-1.10)
1.00 (reference)
0.64 (0.27-1.50)
1.00 (reference)
0.80 (0.52-1.23)
1.00 (reference)
0.77 (0.55-1.06)

157 (69.2)
67 (29.5)
03 (1.3)
157 (69.2)
70 (30.8)
224 (98.7)
03 (1.3)
160 (70.5)
67 (29.5)
157 (69.2)
67 (29.5)
03 (1.3)

1.00 (reference)
2.66 (1.64-4.32)
1.00 (reference)
2.82 (1.74-4.55)
1.00 (reference)
1.00 (reference)
2.58 (1.59-4.19)
1.00 (reference)
2.84 (1.78-4.52)

126 (55.5)
88 (38.8)
13 (5.7)
126 (55.5)
101 (44.5)
214 (94.3)
13 (5.7)
139 (61.2)
88 (38.8)
126 (55.5)
88 (38.8)
13 (5.7)

1.00 (reference)
0.95 (0.63-1.41)
0.80 (0.36-1.76)
1.00 (reference)
0.92 (0.63-1.36)
1.00 (reference)
0.81 (0.37-1.77)
1.00 (reference)
0.97 (0.65-1.44)
1.00 (reference)
0.92 (0.67-1.25)

0.27

0.13
0.29
0.30
0.11

< 0.012

< 0.002
< 0.012
< 0.012

0.84

0.68
0.60
0.88
0.59

CYP1A1*2C
A/A
312 (78)
A/G
75 (18.8)
G/G
13 (3.2)
A/A
312 (78)
A/G-G/G
88 (22)
A/A-T/G
387 (96.8)
G/G
13 (3.2)
A/A-G/G
325 (81.2)
A/G
75 (18.8)
A/A
312 (78)
A/G
75 (18.8)
G/G
13 (3.2)
CYP2E1*6
T/T
314 (78.5)
T/A
82 (20.5)
A/A
04 (1)
T/T
314 (78.5)
T/A-A/A
86 (21.5)
T/T-T/A
396 (99)
A/A
4 (1)
T/T-A/A
318 (79.5)
T/A
82 (20.5)
T/T
314 (78.5)
T/A
82 (20.5)
A/A
4 (1)
EPHX1 His139Arg
A/A
235 (58.8)
A/G
145 (36.2)
G/G
20 (5)
A/A
235 (58.8)
A/G-G/G
165 (41.2)
A/A-A/G
380 (95)
G/G
20 (5)
A/A-G/G
255 (63.8)
A/G
145 (36.2)
A/A
235 (58.8)
A/G
145 (36.2)
G/G
20 (5)

193 (85)
30 (13.2)
4 (1.8)
193 (85)
34 (15)
223 (98.2)
4 (1.8)
197 (86.8)
30 (13.2)
193 (85)
30 (13.2)
4 (1.8)

1.00 (reference)
0.70 (0.41-1.20)
0.36 (0.10-1.31)
1.00 (reference)
0.64 (0.38-1.06)
1.00 (reference)
0.38 (0.10-1.38)
1.00 (reference)
0.72 (0.42-1.24)
1.00 (reference)
0.66 (0.43-1.00)

126 (55.5) 1.00 (reference)
93 (41)
2.81 (1.84-4.28)
8 (3.5)
7.32 (1.85-28.96)
126 (55.5) 1.00 (reference)
101 (44.5) 2.97 (1.97-4.50)
219 (96.5) 1.00 (reference)
8 (3.5)
5.26 (1.35-20.50)
134 (59)
1.00 (reference)
93 (41)
2.64 (1.74-4.01)
126 (55.5) 1.00 (reference)
93 (41)
2.78 (1.91-4.06)
8 (3.5)
153 (67.4)
67 (29.5)
7 (3.1)
153 (67.4)
74 (32.6)
220 (96.9)
7 (3.1)
160 (70.5)
67 (29.5)
153 (67.4)
67 (29.5)
7 (3.1)

1.00 (reference)
0.79 (0.52-1.20)
0.42 (0.14-1.26)
1.00 (reference)
0.74 (0.50-1.11)
1.00 (reference)
0.45 (0.15-1.35)
1.00 (reference)
0.83 (0.55-1.25)
1.00 (reference)
0.74 (0.52-1.04)

P value

0.13

0.08
0.12
0.23
0.05

< 0.012

< 0.012
0.0162
< 0.012
< 0.012

0.18

0.15
0.14
0.37
0.08

1

Odds ratio (OR) adjusted for age, gender and tobacco and alcohol consumption and polymorphisms in the dominant model; 2Significant P values < 0.05.

[17,34-36]

[37,42]

associated with SCRC
.
The CYP1A1*2A, CYP1A1*2C, EPHX1 Tyr113His
and EPHX1 His139Arg polymorphisms were not
associated with SCRC risk in the present study.
The literature has shown controversial results from
the influence of these polymorphisms on SCRC
[37]
[35]
development. Studies in Japanese
and Lebanese
[38]
populations, as well as a recent meta-analysis ,
did not find an association between the CYP1A1*2A
polymorphism and this tumor type.
On the other hand, a study conducted in Asia
showed that the CYP1A1*2A and CYP1A1*2C
polymorphisms increase the SCRC risk in this po
[39]
pulation . The association of the CYP1A1*2C with
SCRC was also evidenced in a study conducted in
[32]
Hungary
and was confirmed in two meta-analyses,
[40,41]
especially in Asians and Caucasians
. Two other
studies conducted in an Asian population, similar
to our findings, did not observe the influence of the
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CYP1A1*2C polymorphism on SCRC
.
The genotype frequencies of CYP1A1*2A and
CYP1A1*2C are in HWE equilibrium in only the case
group. According to the literature, case-control studies
with SNP analysis have shown HWE disequilibrium in
[43]
patients or controls or in both groups .
Regarding the Tyr113His and His139Arg poly
morphisms of the EPHX1 gene, our results are
consistent with another study from North America
that did not find a significant association between
[21]
these polymorphisms and SCRC . Some studies
have shown an association between SCRC and these
[19,20,36]
polymorphisms
. A meta-analysis showed that
there are differences between studies of different
populations that explain the contradictory results. The
authors have observed that the allele frequencies of
EPHX1 polymorphisms and their effects on cancer
risk are different depending on the population studied.
Different ethnic compositions, inclusion criteria, the
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96
35

107
24

94
37

72
59

75
56

89
42

156
87

190
53

215
28

189
54

129
114

141
102

Case

1

1
0.64 (0.38-1.09)

1
0.84 (0.51-1.40)

1
2.89 (1.70-4.93)

1
2.69 (1.41-5.10)

1
0.81 (0.43-1.52)

1
0.87 (0.51-1.49)

OR (95%CI)

94
63

85
72

125
32

136
21

122
35

90
67

Control

0.87 (0.52-1.44)
0.79 (0.44-1.44)

0.89 (0.51-1.54)
0.92 (0.52-1.62)

0.96 (0.57-1.63)
2.99 (1.58-5.64)

0.90 (0.56-1.44)
2.68 (1.33-5.41)

1.08 (0.68-1.69)
0.44 (0.18-1.06)

1.12 (0.69-1.83)
0.65 (0.35-1.21)

1

OR (95%CI)

0.38

0.60

0.87

0.83

0.21

0.33

P value

132
86

122
96

171
47

190
28

165
53

137
81

Control

83
44

75
52

70
57

85
42

105
22

92
35

Case

1

1
0.89 (0.52-1.53)

1
0.83 (0.49-1.41)

1
3.14 (1.80-5.48)

1
3.07 (1.63-5.80)

1
0.65 (0.34-1.25)

1
0.88 (0.50-1.52)

OR (95%CI)

Non-drinker

103
79

92
90

143
39

161
21

147
35

109
73

Control

Drinker

70
30

51
49

56
44

72
28

88
12

73
27

Case

Alcohol consumption

1.66 (0.98-2.80)
1.00 (0.54-1.85)

1.30 (0.74-2.31)
1.36 (0.78-2.37)

1.47 (0.85-2.55)
4.10 (2.18-7.72)

1.56 (0.96-2.53)
3.90 (1.82-8.38)

1.42 (0.89-2.29)
0.87 (0.38-2.00)

1.62 (0.97-2.70)
0.95 (0.50-1.81)

1

OR (95%CI)

0.34

0.57

0.78

0.68

0.91

0.35

P value

quality of original studies, selection bias and study sample size may contribute to the discrepancy. In this meta-analysis, the EPHX1 Tyr113His polymorphism was not
[44]
associated with SCRC risk, and the EPHX1 His139Arg polymorphism was associated with decreased SCRC risk .
The present study did not show a potential interaction between the presence of the polymorphisms investigated and tobacco and alcohol consumption concerning
SCRC risk. These results agree with the study that evaluated the interaction of these variables with the CYP1A1*2A, CYP1A1*2C, EPHX1 Tyr113His and EPHX1
[45-47]
His139Arg polymorphisms
. On the other hand, an interaction was observed between the CYP1A1*2A, CYP1A1*2C polymorphisms (heterozygous) and tobacco
[39]
[17]
consumption concerning SCRC risk . Huang and colleagues found an elevated risk of SCRC in individuals who were EPHX1 Tyr113His and EPHX1 His139Arg
polymorphisms carriers and smokers.
To our knowledge, no study evaluated the interaction between CYP2E1*6 polymorphisms and tobacco and alcohol consumption concerning SCRC risk. Regarding
[33]
CYP2E1*5B, an interaction between the CYP2E1*5B polymorphism and alcohol consumption concerning SCRC risk was described in the literature . Interestingly,
the observation in the present study about the increased SCRC risk in the presence of CYP2E1*5B and CYP2E1*6 polymorphisms, independent of tobacco and alcohol
consumption, reinforces the influence of these polymorphisms in the etiology of SCRC.
The most representative primary site in this study was the rectum, corroborating a previous report regarding the higher occurrence of primary SCRC at this
[48]
anatomical location . The tumor extent and presence of lymph node involvement were not associated with the polymorphisms evaluated during this study. According
to our knowledge, there are no studies evaluating the association between these clinical variables and CYP2E1 and EPHX1 polymorphisms in SCRC. The association
[49]
between the CYP1A1*2A polymorphism and clinical and histopathological data were investigated in lung cancer. However, no association was found .
The discrepancy between these studies may be the result of several variables, such as differences in gender, epidemiological factors and study design. Therefore,
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33
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69
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Tobacco consumption

Odds Ratio (OR) adjusted for age, gender and tobacco or alcohol consumption.
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A/A
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Control

Non-smoker

Table 5 Interaction between CYP1A1 *2A, CYP1A1 *2C, CYP2E1 *5B, CYP2E1 *6, EPHX1 Tyr113His and EPHX1 His139Arg polymorphisms and tobacco or alcohol consumption on the risk
of SCRC
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further studies are needed to better understand the factors involved in SCRC etiology. A summary of the comparison between our results and the literature data can be
observed in Table 6.
In conclusion, our data demonstrate the influence of the CYP2E1*5B and CYP2E1*6 polymorphisms in SCRC development for the population studied. In addition,
individuals aged 62 years and older are more susceptible to the SCRC. Male individuals are less susceptible. These results can contribute to the identification of
biomarkers for SCRC and understanding of the mechanisms involved in colorectal carcinogenesis.
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Abstract

Institutional review board statement: The study was reviewed
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AIM
To investigate the clinical significance of routinely used
glycemic parameters in a cohort of colorectal cancer
(CRC) patients.

Informed consent statement: All study participants or their
legal guardian provided informed written consent about personal
and medical data collection prior to study enrolment.

METHODS
Pre-treatment fasting blood glucose, insulin, HbA 1c
and homeostasis model of risk assessment (HOMA-IR)
were retrospectively evaluated in a case-control study
of 224 CRC and 112 control subjects matched for sex,
obesity and diabetes frequency and blood lipid profile.
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among the major causes of morbidity and mortality
worldwide, and their increasing prevalence represents
[1-3]
a significant public health burden . Several epide
miological studies and meta-analyses of published
trials suggested that there is a significant association
[4-6]
between T2D and increased risk of CRC
, which
is further suggested by the findings that combined
treatment of metformin and 5-fluorouracil had a better
anticancer effect than 5-fluorouracil alone, possibly by
reverting epithelial-mesenchymal transition phenotype
[7]
in cancer cells .
Among the mechanisms advocated to explain
this association, hyperinsulinemia may play a pivotal
role, acting as a potent cell mitogen capable of
[8]
promoting colon cancer growth , an hypothesis
that is corroborated by indirect findings of a harmful
[9,10]
effect of insulin use for CRC risk
. Other proposed
explanations for the increased risk include obesity[11]
related insulin resistance (IR)
and cytokine pro
[12]
duction , which may directly influence CRC growth
[13,14]
not only through promotion of angiogenesis
, but
[13,15]
also by inducing host inflammatory response
or
decreasing natural killer (NK) lymphocyte cytotoxic
activity and, thus, the immunological defense against
[16]
cancer .
Independently of the pathogenetic mechanism(s)
advocated for the relationship between T2D and CRC,
elevated levels of fasting glucose, fasting insulin,
glycated hemoglobin (HbA1c) and IR evaluated by
homeostasis model of risk assessment (HOMA-IR)
[17-30]
have all been associated with increased CRC risk
,
but the results were often conflicting, with some
[20,26]
studies suggesting a superiority of HbA1c
and
others placing emphasis on fasting blood glucose,
[31]
insulin or on the composite index HOMA-IR .
Furthermore, whilst most of the studies have
focused on the association between T2D or metabolic
markers of impaired glucose metabolism and CRC risk,
little is known on the impact of a deregulation of the
glucose‑insulin axis on CRC progression and survival.
The few available data come from selected diabetic
[32]
[30]
populations , or obese individuals , while additional
indirect evidences can be derived, once again, from
T2D patients with CRC treated with metformin,
suggesting that it could moderately improve survival
[33-37]
outcomes
.
Based on the above, we sought to investigate the
potential prognostic value of routinely used glycemic
parameters in non-diabetic CRC patients. To this
purpose, we first designed a case-control study aimed
at evaluating the behavior of glucose metabolism
indexes in a population of CRC patients, representative
of a general practice cohort, compared with noncancer controls matched for sex, obesity and T2D
frequency and blood lipid profile, in order to minimize
possible metabolic-related confounders. Thereafter,
based on the hypothesis that an association between
pre-treatment fasting blood glycemic indexes (blood
glucose, insulin, HbA1c and HOMA-IR) and CRC-

Furthermore, the prognostic value of routinely used
glycemic parameters towards progression-free (PFS)
and overall survival (OS) was prospectively evaluated.
RESULTS
Fasting blood glucose, insulin, HOMA-IR and HbA1c (all
P < 0.0001) levels were higher in non-diabetic CRC
patients compared with obesity-matched controls. All
parameters were associated with increased CRC risk at
ROC analysis, but no relationship with clinical-pathological
variables or survival outcomes was observed for
glycemia, insulinemia or HOMA-IR. Conversely, advanced
CRC stage (P = 0.018) was an independent predictor
of increased HbA1c levels, which were also higher in
patients who had disease progression compared with
those who did not (P = 0.05). Elevated HbA1c levels
showed a negative prognostic value both in terms of
PFS (HR = 1.24) and OS (HR = 1.36) after adjustment
for major confounders, which was further confirmed in a
subgroup analysis performed after exclusion of diabetic
patients.
CONCLUSION
HbA1c might have a negative prognostic value in CRC,
thus suggesting that glycemic metabolic markers should
be carefully monitored in these patients, independently
of overt diabetes.
Key words: Colorectal cancer; Type 2 diabetes; Glycated
hemoglobin; Insulin resistance; Prognostic value
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The clinical significance of routinely used pretreatment fasting blood glucose, insulin, HbA1c and
homeostasis model of risk assessment was investigated
in a cohort of colorectal cancer (CRC) patients. Despite
all four metabolic markers were elevated in nondiabetic CRC patients, only elevated HbA1c levels were
significantly associated with advanced CRC stage and
disease progression, showing a negative prognostic
value both in terms of progression-free (HR = 1.24)
and overall (HR = 1.36) survival after adjustment for
major confounders. These results suggest that glycemic
metabolic markers, mainly HbA1c, should be carefully
monitored in CRC patients as they could provide
important risk stratification information.
Ferroni P, Formica V, Della-Morte D, Lucchetti J, Spila A, D’
Alessandro R, Riondino S, Guadagni F, Roselli M. Prognostic
value of glycated hemoglobin in colorectal cancer. World J
Gastroenterol 2016; 22(45): 9984-9993 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i45/9984.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i45.9984

INTRODUCTION
Type 2 diabetes (T2D) and colorectal cancer (CRC) are
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related survival outcomes might exist independently of
T2D, the prognostic value of routinely used glycemic
parameters towards progression-free and overall
survival was prospectively evaluated.

Table 1 Clinical characteristics of colorectal cancer patients
- comparison between patients with or without impaired
glucose tolerance or type 2 diabetes
IGT or T2D

MATERIALS AND METHODS

Age (yr)
mean ± SD (range)
Sex, n (%)
Males
Females
Body mass index
mean ± SD (range)

Patients and sample collection

Starting from January 2007, the PTV Bio.Ca.Re.
(Policlinico Tor Vergata Biospecimen Cancer Repo
sitory) and the Interinstitutional Multidisciplinary
Biobank of the IRCCS San Raffaele Pisana (SR-BioBIM,
Rome, Italy) are actively involved in the recruitment
of ambulatory patients with primary or metastatic
cancer, who are prospectively followed under the
appropriate Institutional ethics approvals, as part of a
Clinical Database and Biobank project. Among these,
a cohort of 224 CRC patients was eligible for the study.
Inclusion criteria for the CRC patients from whom
serum samples were stored in our Biobanks were:
age above 18 years, an Eastern Cooperative Oncology
Group performance status (ECOG-PS) ≤ 2 and
adequate hematological, hepatic and renal functions.
History of alcohol or drug abuse, concurrent infectious
or inflammatory diseases were all considered as
exclusion criteria for the current analysis.
CRC was staged according to the TNM classification.
Surgery was performed in 104 patients with primary
CRC and 8 with resectable synchronous metastasis.
The remaining 112 patients had relapsing/metastatic
disease and entered the study prior to the start of
chemotherapy. Among the non-metastatic population,
21/224 (10%) and 83/224 (38%) patients received
neoadjuvant and adjuvant therapies, respectively.
First-line chemotherapy was instituted in all patients
with metastatic disease. Anti-cancer regimens used
were all 5-fluorouracil-based in combination either with
irinotecan (n = 97) or with platinum compounds (n =
114). Bevacizumab or cetuximab were administered
in 68 (57%) and 36 (30%) metastatic CRC patients,
respectively. Supportive drugs included erythropoiesisstimulating agents (n = 3, 1%), granulocyte colony
stimulating factors (n = 7, 2%) or corticosteroids (n
= 40, 12%). No patient was lost at follow-up. Clinical
features of CRC patients are summarized in Table 1.
As control group, 112 unrelated individuals (mean
age 60 ± 13, ranging from 31 to 83 years), paired
for T2D rate (22%), obesity (BMI: 25.7 ± 4.4; 18%
obese, 33% overweight) and blood lipid parameters
were recruited in a 2:1 ratio from otherwise healthy
individuals enrolled in the SR-BioBIM.
The study was performed in accordance with the
principles embodied in the Declaration of Helsinki. All
patients gave written informed consent, previously
approved by our Institutional Ethics Committees.

HOMA index
Median (IQR)
HbA1c
mean ± SD (range)

64 ± 10 (30-83)

66 ± 8 (54-80)

0.127

103 (60)
70 (40)

30 (59)
21 (41)

0.927

25.4 ± 4.1
(17.2-38.4)

26.5 ± 4.2
(17.2-38.4)

0.105

2.80 (1.83-4.79) 6.48 (3.95-10.26) < 0.0001

Blood lipids (mg/dL)
Total cholesterol
HDL cholesterol
LDL cholesterol
Triglycerides
Site, n (%)
Colon
Rectum
Histological diagnosis, n (%)
Adenocarcinoma
Mucinous
Non-mucinous
Others1
ECOG performance status,
n (%)
0
1
2
Stage, n (%)
Ⅰ
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Metastatic

5.72 ± 0.36
(4.30-7.10)

6.87 ± 1.25
(5.30-13.0)

< 0.0001

187 ± 42
47 ± 12
113 ± 38
136 ± 69

189 ± 48
44 ± 13
117 ± 41
138 ± 52

0.782
0.284
0.618
0.838

126 (73)
47 (27)

33 (65)
18 (35)

0.293

30 (17)
140 (81)
3 (2)

10 (20)
40 (78)
1 (2)

0.933

150 (91)
14 (8)
1 (1)

40 (82)
9 (18)
0 (0)

0.129

3 (2)
26 (15)
4 (2)
3 (2)
37 (21)
9 (5)
91 (53)

1 (2)
6 (12)
1 (2)
1 (2)
8 (15)
5 (10)
29 (57)

0.875

1
Including 3 non diabetic patients with undifferentiated, squamous
and mixed neuroendocrine cancers (one each) and one type 2 diabetes
(T2D) patient with undifferentiated cancer. CRC: Colorectal cancer; IGT:
Impaired glucose tolerance.

the facilities of the PTV Bio.Ca.Re. or the SR-BioBIM.
Samples from CRC patients were obtained at baseline
prior to chemotherapy.
Routine chemistry studies, including fasting
blood glucose (Hexokinase/Glucose-6-phosphate
dehydrogenase-based methodology; Abbott Labo
ratories, Abbott Park, IL, United States), were
performed on fresh samples within one hour from blood
withdrawal on an ARCHITECT c8000 System (Abbott
Laboratories). Fasting insulin levels were analyzed on
serum samples using a fully automated Lumipulse
G 600 II chemiluminescent enzyme immunoassay
analyzer (Fujirebio Inc. Tokyo, Japan) according to the
manufacturer’s instructions.
The HOMA index (a marker of insulin resistance)

Blood sampling and assessment of glycemic indexes

Fasting serum samples were obtained from each
recruited subject, aliquoted and stored at -80 ℃ in

WJG|www.wjgnet.com

P value

NO (n = 173) YES (n = 51)

9986

December 7, 2016|Volume 22|Issue 45|

Ferroni P et al . HBA1c prognostic value in colorectal cancer
Belgium; http://www.medcalc.org; 2014).
Progression free (PFS) and overall survival (OS)
represented the study endpoints. PFS was calculated
from the date of enrollment until relapse or progression
of disease. OS was calculated from the date of
enrollment until death from disease. If a patient had
not progressed or died, PFS or OS were censored at
the time of the last follow-up. Survival curves were
calculated by the Kaplan-Meier method and the sig
nificance level was assessed according to the log-rank
test using a computer software package (Statistica
8.0, StatSoft Inc., Tulsa, OK). Cox-proportional hazards
analysis was performed by a free web-based application
(http://statpages.org/) to evaluate the association
between clinical-pathological variables and PFS. For
administrative censoring, follow-up was ended the date
st
of March 31 , 2016. All tests were two-tailed and only
P values lower than 0.05 were regarded as statistically
significant.

Table 2 Glycemic parameters in colorectal cancer patients
and non-cancer controls

Overall population
Fasting blood glucose
(mg/dL)
Fasting insulin (μIU/mL)
HbA1c (%)
HOMA index
Non-diabetic
Fasting blood glucose
(mg/dL)
Fasting insulin (μIU/mL)
HbA1c (%)
HOMA index
Non-diabetic
normoweight
Fasting blood glucose
(mg/dL)
Fasting insulin (μIU/mL)
HbA1c (%)
HOMA index

CRC

Controls

n = 224
106 ± 35
(65-415)
14.2 (8.7-23.3)
5.98 ± 0.83
(4.30-13.0)
3.5 (2.0-6.1)
n = 173
100 ± 25
(65-254)
12.5 (8.5-18.6)
5.72 ± 0.36
(4.30-7.10)
2.8 (1.8 -4.8)
n = 90

n = 112
101 ± 39
(61-289)
9.0 (6.0-12.2)
5.63 ± 1.10
(3.90-9.70)
2.0 (1.3-3.3)
n = 87
87 ± 12
(61-123)
7.6 (5.1-10.9)
5.14 ± 0.42
(3.90-6.10)
1.7 (1.0-2.5)
n = 51

97 ± 19
(65-175)
10.8 (8.1 17.5)
5.69 ± 0.31
(4.70-6.60)
2.5 (1.8-4.0)

84 ± 16
(61-112)
6.5 (4.3-10.0)
5.13 ± 0.40
(4.00-6.10)
1.4 (1.0-2.4)

P value

0.219
< 0.0001
0.001
< 0.0001

< 0.0001
< 0.0001
< 0.0001
< 0.0001

0.0001
< 0.0001

RESULTS

0.0005
< 0.0001

Of 224 prospectively recruited CRC patients, 51 (23%)
had an established diagnosis of IGT (n = 15) or T2D
(n = 36). In addition, 86 (38%) and 27 (12%) of
the patients were overweight or obese, respectively.
Fasting blood glycemic indexes (blood glucose, insulin,
HbA1c) and HOMA-IR were retrospectively reviewed
in the overall population, demonstrating that fasting
insulin (P < 0.0001), HOMA-IR (P < 0.0001) and HbA1c
(P < 0.001), but not blood glucose levels were higher
in CRC patients compared to non-cancer controls
matched for IGT/T2D or obesity (Table 2). Of interest,
pre-treatment levels of all four metabolic markers,
including blood glucose, were significantly higher in
CRC patients compared with controls once diabetic
or overweight/obese subjects were excluded from
comparative analysis (Table 2).
ROC curves were, thus, generated from continuous
variables measured in non-diabetic individuals. As
summarized in Table 3, the areas under the curve for
fasting blood glucose, insulin, HOMA-IR and HbA1c
were: 0.657, 0.728, 0.738 and 0.860, respectively. At
the designated criterion values all three parameters
were associated with an increased CRC risk, although
HbA1c yielded the best performance, being associated
with a sensitivity and specificity > 80% and a 4.5
positive likelihood ratio (+LR) of CRC risk (Table 3).
Despite the discriminative power of glycemic
indexes at ROC analysis, there were no significant
associations between pre-treatment fasting blood
glucose or insulin and clinical-pathologic variables.
On the other hand, mean pre-treatment HbA 1c
was higher in mucinous (5.9% ± 0.4%) compared
with non-mucinous (5.7% ± 0.3%, P = 0.007)
adenocarcinomas and showed a trend to increasing
concentrations from early (5.6%) to both advanced
(5.8%, P = 0.044) and metastatic (5.8%, P = 0.020)
CRC stages in non-diabetic patients (Anova test:

Data are reported as mean ± SD (range) or median (interquartile range).

was retrospectively calculated for each participa
ting subject from fasting blood glucose and insulin
according to the formula: glucose (mg/dL) × insulin
[38]
(μIU/mL)/405 .
HbA 1c levels were immediately measured on
EDTA anticoagulated whole blood by the Tosoh G7
Automated HPLC Analyzer - HbA1c Variant Analysis
Mode (Tosoh Bioscience, Rivoli, TO, Italy), certified by
the NGSP (National Glycohemoglobin Standardization
Program) and traceable to the Diabetes Control and
Complications Trial.
All measurements were ascertained while blinded
to the sample origin and to study endpoint.

Statistical analysis

Sample size of the study was based on the agreement
to inclusion criteria and willingness to provide informed
consent rather than on sample size calculations.
However, estimation was later performed and showed
that, given the observed proportions for patients and
control groups for HbA1c values and using a type I error
probability of 0.05, the recruited population yielded a
statistical power greater than 95%.
Data are presented as percentages, mean ± SD,
or median and interquartile range. Student’s unpaired
t-test and ANOVA test were used for normally dis
tributed variables. Appropriate non-parametric tests
(Mann-Whitney U-test and Kruskal-Wallis ANOVA and
median test) were employed for all the other variables.
The cut-off values were generated from continuous
data by receiver operating characteristic (ROC) curve
analyses performed by MedCalc Statistical Software
version 13.1.2 (MedCalc Software bvba, Ostend,

WJG|www.wjgnet.com

9987

December 7, 2016|Volume 22|Issue 45|

Ferroni P et al . HBA1c prognostic value in colorectal cancer
Table 3 Receiver operating characteristics and Bayesian analysis of glycemic parameters

AUC (SE)
95%CI
Criterion
Sensitivity
Specificity
+LR (CI)
-LR (CI)
P value1

Fasting blood glucose

Fasting insulin

HOMA-IR

HbA1c

0.657 (0.04)
0.596-0.714
97 mg/dL
42%
85%
2.79 (1.63-5.06)
0.69 (0.61-0.81)
0.0001

0.728 (0.03)
0.670-0.781
12.5 μIU/mL
50%
84%
3.09 (1.87-5.41)
0.60 (0.52-0.72)
0.0001

0.738 (0.03)
0.680-0.791
1.7%
81%
55%
1.81 (1.43-2.30)
0. 35 (0.24-0.50)
0.0001

0.860 (0.03)
0.812-0.900
5.4%
82%
82%
4.46 (2.96-7.06)
0.22 (0.17-0.30)
0.0001

1

Two-tailed Fisher Exact test. AUC: Area under the curve; +LR: Positive likelihood ratio; -LR: Negative likelihood ratio.

Pre-treatment HbA1c levels (%)

6.1

range) in the 224 CRC patients (Q1: ≤ 5.3%; Q2: >
5.3% and ≤ 5.7%; Q3: > 5.7% and ≤ 6.1%; Q4: >
6.1%). Overall, IGT/T2D or obesity were not associated
to either PFS or OS at multivariate Cox proportional
hazards survival analyses (data not shown). On the
other hand, univariate Cox proportional hazards survival
analyses showed that elevated pre-treatment HbA1c
levels had a negative prognostic value in terms of PFS
[HR = 1.30 (95%CI: 1.09-1.54)] or OS [HR= 1.43
(95%CI: 1.16-1.76)]. No association with survival
outcomes was observed for fasting blood glucose,
insulinemia or the composite index HOMA-IR. These
results were largely unmodified after adjustment for
obesity or other variables known to be associated
with PFS or OS, including disease stage, ECOG-PS,
and tumor site and histotype [HRs for HbA1c quartiles:
PFS: 1.24 (95%CI: 1.01-1.53); OS: 1.36 (95%CI:
1.05-1.74)] (Table 4). Of interest, the negative
prognostic value of HbA1c in terms of OS was further
confirmed in a subgroup analysis performed after
exclusion of IGT/T2D patients (Table 4).
Figure 2A and C demonstrates the Kaplan-Meier
PFS and OS curves for CRC patients stratified on
the basis of pre-treatment HbA1c levels. As shown,
patients with HbA1c in the highest quartile had a worse
5-year PFS and OS rate compared to patients with
HbA1c levels in the lower quartile. Similar results were
confirmed in non-diabetic CRC (Figure 2B and 2D).

HOMA-IR

6.0

P = 0.044

5.9

P = 0.020

5.8
5.7
5.6
5.5
5.4
5.3
5.2
5.1

Ⅰ/Ⅱ (n = 33)

Ⅲ (n = 49)
Stage of disease

Met (n = 91)

Figure 1 Box-plot of HbA1c value distribution in non-diabetic colorectal
cancer patients (n = 173) according to stages of disease. Solid lines: Mean
values; boxes: Standard error; whiskers: 95%CI; closed circles: Outliers (Anova
test including outliers: F = 3.9, P = 0.021).

F = 3.9, P = 0.021) (Figure 1). Thus, multivariate
regression analysis (including age, sex, obesity, HOMAIR, ECOG-PS and tumor site, histology and stage) was
performed to assess possible determinants of HbA1c in
non-diabetic CRC patients. The final model by forward
stepping showed that HOMA-IR (regression coefficient
= 0.200, SE = 0.074, P = 0.008), mucinous features
(regression coefficient = 0.196, SE = 0.072, P =
0.007) and advanced stage (regression coefficient =
0.177, SE = 0.074, P = 0.018) were all independent
predictors of increased HbA1c.
Overall, the mean time of follow up was 24.8 mo.
Among patients with primary non metastatic CRC,
81/104 (78%) remained clinically free of disease,
while 23/104 (22%) had progressive disease. Among
patients with metastatic CRC, 3/120 (3%) had
stable disease, 28/120 (23%) had a complete/partial
response during chemotherapy, while 89/120 (74%)
had CRC progression. Pre-treatment HbA1c levels, but
not fasting glycemia or insulinemia, were higher in
patients who had CRC progression (5.8%) compared
with patients in whom the disease did not progress
(5.6%, P = 0.05).
To further evaluate its prognostic value, pretreatment HbA1c levels were divided into quartiles
according to value distribution (median and interquartile

WJG|www.wjgnet.com

DISCUSSION
Although the presence of a causal link between T2D
and CRC risk has been proposed since long time, the
role of a deregulation of glucose metabolic axis in CRC
prognosis is far less explored, and mostly relying on
indirect findings on glucose lowering drugs in T2D
[33-37]
patients with cancer
. Furthermore, earlier studies
have mainly used a “single marker approach” that
does not take into account the complex synergistic
interactions among the various metabolic features.
In the present study, we demonstrate the presence
of increased pre-treatment fasting insulin and HbA1c
levels in a population of CRC patients representative
of a general practice cohort, as compared to control
subjects matched for obesity and T2D frequency.
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Table 4 Cox proportional hazards survival regression analysis of the predictive value of clinical-pathological variables and glycemic
indexes on progression-free and overall survival of colorectal cancer patients
Variable

Progression-free survival

Overall population (n = 224)
Sex
Obesity1
Site
Histological diagnosis
Stage of disease2
ECOG-PS
Type of treatment3
Fasting glucose4
Fasting insulin5
Fasting HbA1c6
Non-diabetic patients (n = 173)
Sex
Obesity1
Site
Histological diagnosis
Stage of disease2
ECOG-PS
Type of treatment3
Fasting glucose3
Fasting insulin5
Fasting HbA1c6

Overall survival

HR (95%CI)

P value

HR (95%CI)

P value

0.96 (0.68-1.36)
0.95 (0.73-1.24)
0.93 (0.62-1.41)
0.90 (0.58-1.39)
1.95 (1.11-3.42)
1.54 (0.96-2.47)
1.37 (0.71-2.62)
0.99 (0.80-1.21)
0.90 (0.58-1.38)
1.24 (1.01-1.53)

0.809
0.701
0.745
0.629
0.021
0.075
0.346
0.892
0.619
0.040

0.82 (0.54-1.23)
0.88 (0.63-1.22)
0.81 (0.49-1.34)
0.88 (0.53-1.45)
1.17 (0.58-2.34)
1.84 (1.05-3.23)
1.94 (0.80-4.74)
1.06 (0.83-1.34)
1.01 (0.62-1.62)
1.36 (1.05-1.74)

0.336
0.448
0.412
0.604
0.662
0.035
0.145
0.657
0.981
0.018

1.05 (0.69-1.59)
1.11 (0.83-1.50)
1.09 (0.67-1.76)
0.91 (0.55-1.52)
1.78 (0.93-3.40)
1.69 (0.98-2.92)
1.46 (0.69-3.08)
0.94 (0.74-1.20)
1.01 (0.60-1.68)
1.25 (0.97-1.62)

0.824
0.482
0.740
0.728
0.083
0.060
0.321
0.625
0.976
0.092

0.79 (0.48-1.31)
0.91 (0.62-1.34)
0.98 (0.54-1.79)
0.88 (0.49-1.61)
0.87 (0.39-1.93)
1.98 (1.02-3.85)
2.93 (1.01-8.56)
0.91 (0.62-1.22)
0.91 (0.51-1.64)
1.40 (1.03-1.92)

0.355
0.640
0.952
0.687
0.735
0.044
0.050
0.531
0.755
0.034

1

Coded as normoweight if body mass index (BMI) ≤ 25, overweight if BMI > 25 and ≤ 30, obese if BMI > 30; 2Coded as primary/metastatic; 3Coded as
neoadjuvant/adjuvant/metastatic; 4Q1: ≤ 87 mg/dL; Q2: > 87 mg/dL and ≤ 97 mg/dL; Q3: > 97 mg/dL and ≤ 117 mg/dL; Q4: > 117 mg/dL; 5Q1: ≤ 8.7
6
μIU/mL; Q2: > 8.7 μIU/mL and ≤ 14 μIU/mL; Q3: > 14 μIU/mL and ≤ 23 μIU/mL; Q4: > 23 μIU/mL; Q1: ≤ 5.3%; Q2: > 5.3% and ≤ 5.7%; Q3: > 5.7% and
≤ 6.1%; Q4: > 6.1%. ECOG-PS: Eastern Cooperative Oncology Group performance status.
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Figure 2 Kaplan-Meier curves of progression-free survival (A, B) and overall survival (C, D) of colorectal cancer patients. Comparison between patients
stratified on fasting HbA1c quartiles. First quartile (Q1): ≤ 5.3%; second quartile (Q2): > 5.3% and ≤ 5.7%; third quartile (Q3): > 5.7% and ≤ 6.1%; fourth quartile (Q4):
> 6.1%. A, C: Overall population; B, D: Non-diabetic patients.
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Furthermore, we provide evidence of an elevation
of glycemic metabolic markers in normoweight nondiabetic CRC compared with matched control subjects.
[39,40]
Contrary to what reported for other tumors
,
however, neither hyperglycemia nor hyperinsuline
mia - and thus HOMA-IR - were associated to CRC
clinical-pathological features, whereas pre-treatment
HbA1c levels were associated with advanced disease
stage, especially of the mucinous histotype, in nondiabetic CRC patients. Most importantly, elevated pretreatment HbA1c levels acted as a negative prognostic
factors for OS (HR = 1.43), independently of other well
established prognostic factors (e.g., stage or ECOGPS). Indeed, patients with HbA1c levels in the highest
quartile (i.e., > 6.1%) had an approximately three-fold
increased risk of dying from disease (5-year survival
rate 24%) compared to patients with HbA1c levels in
the lowest quartile (i.e., < 5.3%; 5-year survival rate
85%).
These results are in agreement and extend
previous reports in cancer patients with T2D, in whom
HbA1c levels were evaluated as a marker of glycemic
[41,42]
[41]
control
. In particular, Siddiqui et al
reported
that poorly controlled T2D - defined as a HbA1c level
≥ 7.5% - was independently associated with a more
advanced CRC stage at time of diagnosis and poorer
5-year survival, thus suggesting that in CRC patients
with T2D, poor glycemic control is associated with a
clinically aggressive cancer phenotype. Furthermore,
no differences were observed in stage at presentation
and 5-year mortality from CRC between wellcontrolled T2D and non-diabetic controls, suggesting
that meticulous glycemic control might lead to a
[41]
reduction in CRC mortality . These findings are only
in apparent disagreement with data obtained in the
[41]
present study. Indeed, Siddiqui et al
performed a
comparative analysis between well-controlled T2D and
non-diabetic CRC patients (both control groups in their
study) without reporting the impact of increasing HbA1c
on survival in either group, thus its possible prognostic
significance. Furthermore, in our study the negative
prognostic value of HbA1c on survival outcomes was
assessed in a general practice cohort of CRC patients
that included only a moderate rate (23%) of IGT/T2D
patients. Accordingly, we did not categorized HbA1c on
currently accepted cut-off value for metabolic control,
but on quartiles calculated on the basis of the value
distribution in the overall population. Of interest, CRC
patients in the highest HbA1c quartile (> 6.1%) had
the poorest survival. However, the small number of
T2D patients enrolled did not confer enough power
to perform a separate subgroup analysis. On the
[42]
other hand, Boursi et al
reported no association
between HbA1c levels within 6 mo prior to cancer
diagnosis and overall survival for CRC. This study is
barely comparable with the results obtained in ours,
since it enrolled only T2D patients in whom HbA1c was
evaluated as a marker of glycemic control.
[43]
More recently, Hope et al
reported the results
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of a meta-analysis investigating the relationship
between HbA1c and cancer in people with or without
T2D. Major finding was that the majority of studies
that investigated HbA1c levels in relation to CRC risk
identified positive associations. In particular, CRC
cases were found to have higher HbA1c levels than
control subjects; however, the possibility of reverse
causality cannot be completely excluded due to
many shortcomings in population selection (e.g.,
different ethnicity) and lack of correction for CRCrelated confounding factors known to increase HbA1c
[43]
levels such as iron deficiency anemia . Thus, data to
support the role of HbA1c either for the identification
of people at risk of cancers or to provide some insight
into the potential progression of the disease are still
lacking.
On the other hand, and to best of our knowledge,
this is the first report suggesting that HbA1c may have
a prognostic significance for PFS of non-diabetic CRC,
in whom HbA1c was capable of discriminating a subset
of patients with a more favorable outcome, with a
3-year PFS rate of 56% in patients with HbA1c levels
in the lower quartile (< 5.3%) compared with 21% of
those in the upper quartile (> 6.1%). These results
are scarcely comparable with the currently available
evidences, as there are no data on the prognostic
value of HbA1c in the PFS of non-diabetic CRC.
As reported above, HbA1c is a common measure of
glucose metabolism, as it reflects average glycemia
[44]
over the previous three months . Accordingly, an
elevated HbA1c indicates poor long-term glycemic
control and, possibly, chronic hyperinsulinemia.
The data here reported are in agreement with the
current knowledge that glycemic control is important
in determining CRC development and progression.
Moreover, the finding of a prognostic role of HbA1c in
non diabetic CRC patients could be explained by the
common knowledge that, at the time of T2D diagnosis,
patients usually have had hyperglycemia for more
[45]
than a decade . Thus, it is conceivable to hypothesize
that colorectal carcinogenesis may recognize, among
its causative mechanisms, a deregulated glucose
metabolism and that CRC might become manifest long
before T2D diagnosis.
There are, of course, some limitations that need
to be acknowledged. The most obvious resides in
the relatively small sample size that might have
weakened the statistical power. Another limitation
[43]
resides in the fact that, as evidenced by Hope et al ,
data on iron deficiency anemia were missing also
in our study. However, the fact that erythropoiesis
stimulating agents were administered to three patients
only, indicates a satisfactory hemoglobin asset in the
overall population. On the other hand, the strength of
our analysis was represented by the use of samples
collected and processed using standard operating
procedures in the context of two large Biobanks. In
addition, tests were run by a single laboratory under
ongoing quality control protocols, hence minimizing
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the difference in sample analyses.
Based on the above, we may conclude that
pre-treatment HbA1c levels might have a negative
prognostic value in CRC patients and, as such,
should be carefully monitored, as they could provide
important information in risk stratification. These
results, however, should be regarded with caution
and additional studies are required to prospectively
evaluate their clinical value. Future investigations
specifically designed to address the role of HbA1c in
the management of CRC, independently of T2D, may
provide the rationale for lifestyle or glucose targeting
dietary/pharmacologic interventions as a means of
improving CRC outcomes.

The study is interesting and the observational results are intriguing.
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AIM
To evaluate the clinical significance of the preoperative
fibrinogen plasma level as a prognostic marker after
surgery for colorectal cancer.
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sharing.

METHODS
This retrospective study analysed 652 patients
undergoing surgery for stage Ⅰ-Ⅳ colorectal cancer
between January 2005 and December 2012, at the
Division of General Surgery A, University of Verona
Hospital Trust, in whom preoperative fibrinogen
plasma values were assessed at baseline. Fibrinogen
is involved in tumourigenesis as well as tumour
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progression in several malignancies. Correlations
between preoperative plasma fibrinogen values and
clinicopathological characteristics were investigated.
Univariate and multivariate survival analyses were
performed to identify factors associated with overall
and tumour-related survival.

surgery for colorectal cancer. World J Gastroenterol 2016;
22(45): 9994-10001 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/9994.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.9994

RESULTS
Among the 652 patients, the fibrinogen value was
higher than the threshold of 400 mg/dL in 345 patients
(53%). The preoperative mean ± SD of fibrinogen
was 426.2 ± 23.2 mg/dL (median: 409 mg/dL; range:
143-1045 mg/dL). Preoperative fibrinogen values
correlated with age (P = 0.003), completeness of
tumour resection, potentially curative vs palliative (P <
0.001), presence of systemic metastasis (P < 0.001),
depth of tumour invasion pT (P < 0.001), nodes
involvement pN (P = 0.001) and CEA serum level
(P < 0.001). The mean fibrinogen value (± SD) was
395.6 ± 120.4 mg/dL in G1 tumours, 424.1 ± 121.4
mg/dL in G2 tumours and 453.4 ± 131.6 mg/dL in G3
tumours (P = 0.045). The overall survival and tumourrelated survival were significantly higher in patients
with fibrinogen values ≤ 400 mg/dL (P < 0.001).
However, hyperfibrinogenemia did not retain statistical
significance regarding either overall (P = 0.313) or
tumour-related survival (P = 0.355) after controlling for
other risk factors in a multivariate analysis.

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer worldwide, with more than 1 million new cases
[1]
and 600000 deaths per year . Many haemostatic
derangements have been described in cancer
progression and prognosis. Solid tumours, both in
humans and animal models, entail a considerable
amount of fibrinogen-related alterations. In particular,
CRC is associated with a large range of fibrinolytic and
procoagulant alterations, suggesting that fibrinogen
[2-4]
plays an important role in tumour stroma formation .
In fact, fibrin matrices promote the migration of
endothelial cells, fibroblasts and macrophages, as well
[5-7]
as neovascularization . Moreover, the products of
fibrin degradation display chemotactic, angiogenic and
[8,9]
immune-modulatory capacities .
Increased plasma fibrinogen levels are associa
ted with liver and lymph node metastasis, but not
[10,11]
with peritoneal metastasis, in gastric cancer
.
Recent studies on CRC support the hypothesis that
hyperfibrinogenemia may promote the enhancement of
[12]
[13,14]
tumour volume and haematogenous metastasis
.
Several studies have demonstrated a significant con
tribution of high fibrinogen plasma levels in predicting
[15,16]
the prognosis in various subsets of CRC patients
.
The aim of this retrospective study was to evaluate
the clinical significance of preoperative plasma fibri
nogen levels as a prognostic marker after colorectal
cancer surgery.

CONCLUSION
Preoperative fibrinogen levels correlate with cancer
severity but do not help in predicting patient prognosis
after colorectal cancer surgery.
Key words: colorectal cancer; fibrinogen; tumour
markers; prognosis; colorectal surgery
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Fibrinogen is involved in tumourigenesis
and in tumour progression in several malignancies.
Many studies, particularly from East, have shown a
correlation between hyperfibrinogenemia and poor
prognosis in patients with colorectal cancer (CRC).
This study involves a large cohort of 652 Western
patients underwent surgery for CRC. The analysis of
our data demonstrates that preoperative fibrinogen
plasma levels correlate with leading prognostic factors
in patients undergoing surgery for CRC. Although longterm survival and tumour-related survival are worse
in patients with hyperfibrinogenemia, these findings
are not confirmed in multivariate analysis or after
stratification of patients according to completeness of
tumour resection and TNM stage.

Inclusion criteria and population under study

The study population consisted of patients undergoing
surgery for colorectal carcinoma at the Division of
General Surgery A, University of Verona Hospital
Trust, between January 2005 and December 2012.
The inclusion criteria were age of 18 years or older,
histological diagnosis of cancer, elective or urgent
colorectal resection with absence of peritonitis or
other acute infectious diseases, no pre-operative
chemotherapy or radiotherapy, follow-up available for
a minimum period of 30 mo, as well as preoperative
assessment of fibrinogen levels. Informed consent
was obtained from all the patients, and the study
was approved by the local Ethics Committee with ID
number: 42763 (CRINF-1034 CESC).
Between January 2005 and December 2012, 969
patients underwent surgery for colorectal carcinoma at
the Division of General Surgery A, University of Verona
Hospital Trust. Among them, 652 patients met the

Pedrazzani C, Mantovani G, Salvagno GL, Baldiotti E,
Ruzzenente A, Iacono C, Lippi G, Guglielmi A. Elevated
fibrinogen plasma level is not an independent predictor of poor
prognosis in a large cohort of Western patients undergoing
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Follow-up and statistical analysis

inclusion criteria and were enrolled in the study.

All clinical and pathological data were retrospectively
collected and stored in a digital dataset. The analysed
variables included demographic, clinical, surgical and
pathological characteristics. Survival and follow-up
data were obtained by collecting outpatient clinical
records or by contacting the patient or the family
physician.
In the preliminary analysis, preoperative fibrinogen
levels were normally distributed in the patient cohort.
Different cut-off levels were considered to study the
potential correlation with clinicopathological factors and
survival. The upper limit of the reference range (i.e.,
400 mg/dL) was used as the predictive threshold.
To evaluate the significance of difference between
cases with values above or below 400 mg/dL, a
chi-square test or Fisher’s exact test were used for
categorical data and Student’s t-test was used for
continuous variables. Survival analysis was computed
using the Kaplan-Meier method and compared by the
log-rank test, with time of survival measured from the
date of surgery to the date of death or most recent
follow-up. Multivariate analysis was performed with
the Cox regression model by taking into account the
following risk factors: age (higher than median vs
median or below), gender (male vs female), tumour
location (rectum vs colon), type of surgery (urgent vs.
elective), presence of residual tumour (R1, R2 vs R0),
presence of systemic metastasis (M1a, M1b vs M0), pT
category (pT2, pT3, pT4a, pT4b vs pT1), pN category
(pN1, pN2 vs pN0), histological type (mucinous vs
non-mucinous) and pre-operative fibrinogen plasma
levels (fibrinogen value higher than 400 mg/dL vs
fibrinogen value lower than this threshold). Statistical
analysis was performed using SPSS software version
21.0 (IBM Corporation, Armonk, NY, United States),
and the level of statistical significance was set at P <
0.05.

Preoperative work-up and histopathological staging

Before surgery, all elective patients underwent preope
rative staging by means of colonoscopy, thoracoabdo
minal CT scan and tumour markers (CEA, CA 19-9).
Abdominal US was performed in selected cases when
a CT scan was deemed unnecessary, whilst additional
imaging modalities (e.g., MRI, PET-CT, endoluminal
US, etc.) were used when indicated (e.g., rectal cancer
or liver metastases). The preoperative assessment of
urgent cases varied depending on clinical necessities.
All patients underwent preoperative routine
laboratory tests, including coagulation profiles with
assessment of plasma fibrinogen levels within two
weeks of surgery.
The resected specimens were examined using
routine histopathological analysis. Tumour staging was
assessed according to the criteria established by the
th
7 Edition of the American Joint Committee on Cancer
and the Union International Contre Le Cancer. Tumour
differentiation; lymphatic, vascular and neural invasion;
and inflammatory reactions were generally reported.

Preoperative assessment of fibrinogen levels

Blood samples were drawn by an expert phlebotomist
in evacuated blood tubes containing 0.109 mol/L
buffered sodium citrate (Terumo Europe NV, Leuven,
Belgium). The blood tubes were left in an upright
position at room temperature to allow complete
blood stability and then centrifuged at 1500 × g for
15 min. A second centrifugation was performed to
obtain platelet-poor plasma, which was stored in
aliquots at -70 ℃ until measurement. At the time of
measurement, the plasma aliquots were thawed in a
water bath at 37 ℃ and then left at room temperature
for 1 hour. Fibrinogen was measured on an ACL TOP
instrument (Instrumentation Laboratory, Milan, Italy)
with the Clauss method and using proprietary reagents
®
(HemosIL Fibrinogen-C, Instrumentation Laboratory).
The reference range of fibrinogen was 200-400 mg/dL

RESULTS
Fibrinogen plasma levels and clinicopathological
variables

Extent of surgery

The preoperative mean ± SD of fibrinogen was 426.2
± 23.2 mg/dL (median: 409 mg/dL; range: 143-1045
mg/dL). Among the 652 patients, the fibrinogen value
was higher than the threshold of 400 mg/dL in 345
patients (53%).
Mean ± SD preoperative fibrinogen plasma levels
for the 652 patients under study according to their
clinicopathological variables are reported in Table 1.
Fibrinogen value correlated with age (P = 0.003), type
of resection (potentially curative vs palliative) (P <
0.001), presence of systemic metastasis (P < 0.001),
CEA serum level (P < 0.001) as well as the pT (P <
0.001) and pN categories (P = 0.001).
Considering histological characteristics, patients
with a mucinous histological type (n = 113) displayed

The main goal of the surgery was the complete removal
of the tumour (R0 resection), although palliative surgery
was carried out in select cases to treat tumour-related
complications. The extent of surgery was assessed
considering the patient’s performance status, tumour
location and stage. Standard colorectal resection (i.e.,
right hemicolectomy, extended right hemicolectomy,
left hemicolectomy, anterior resection, low anterior
resection, or abdominoperineal resection) with ligation
of vessels at their origin was usually carried out to
[17]
obtain the optimal management of nodal disease ,
whereas limited colonic resection or stoma formation
was performed in select cases (i.e., palliative surgery,
high-risk patients).
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and CEA serum level (P < 0.001). Interestingly,
fibrinogen values were found to be > 400 mg/dL in
74.2% of patients with macroscopic residual tumours
after resection (R2) compared to 49.5% of potentially
curative resections (R0) (P < 0.001). Similarly,
fibrinogen values were found to be > 400 mg/dL in
71.4% of M1b patients compared to 65.2% of M1a
patients and 49.6% of M0 patients (P = 0.001).
Regarding the depth of tumour invasion, fibrinogen
values were > 400 mg/dL in 32.6% of pT1 patients,
37.7% of pT2 patients, 54.8% of pT3 patients and
61.1% of pT4 patients (P < 0.001). Conversely, the
extent of nodal involvement did not correlate with
fibrinogen value. Fibrinogen plasma levels were found
to be > 400 mg/dL in 50.3% of pN0 patients, 51.8%
of pN1 patients and 61.8% of pN2 patients (P = 0.017).

Table 1 Preoperative fibrinogen plasma levels (mg/dL)
according to the main demographic and clinical characteristics
1
of the 652 patients under study
No. of
patients
Age (yr)
≤ 68.8
> 68.8
Gender
Male
Female
Tumour location
Colon
Rectum
Type of surgery
Elective
Urgent
Resection
Yes
No
Type of resection (R)
R0
R1
R2
Depth of invasion (pT)1
pT1
pT2
pT3
pT4a
pT4b
Node involvement (pN)1
pN0
pN1
pN2
Systemic metastasis (M)
M0
M1a
M1b
CEA serum level2
≤ 5 ng/mL
> 5 ng/mL

Fibrinogen plasma level
Mean value

± SD

326
326

412.1
440.3

119.8
125.1

373
279

429.1
422.2

128.3
116.2

536
116

429.8
409.6

125.0
113.7

618
34

424.0
466.0

120.1
167.9

640
12

423.8
551.3

121.3
162.1

P value
P = 0.003

P = 0.479

P = 0.111

P = 0.053

P < 0.001

Fibrinogen plasma levels and long-term survival

The 5-year survival and 5-year tumour-related survival
rates of the study population were 64.4% and 75.2%,
respectively. Five-year survival and 5-year tumourrelated survival rates according to preoperative fi
brinogen plasma levels are shown in Figure 1A. The
5-year survival rate was 72.4% for patients with values
≤ 400 mg/dL and 58.1% for patients with values >
400 mg/dL (P < 0.001). When considering tumourrelated mortality, the 5-year survival rate was 81.2%
for patients with values ≤ 400 mg/dL and 69.6% for
patients with values > 400 mg/dL (P < 0.001).
Survival curves for patients undergoing poten
tially curative resection (R0) are shown in Figure 1B.
Fibrinogen plasma levels were associated with overall
survival (P = 0.010), whereas no significant difference
was observed when tumour-related survival was
considered (P = 0.604). In particular, 5-year tumourrelated survival was 88.3% in patients with values ≤
400 mg/dL and 88.7% for patients with values > 400
mg/dL.

P < 0.001
556
7
89

412.4
406.0
513.9

110.4
113.1
159.6

86
61
259
141
93

373.7
373.6
421.5
442.0
482.1

97.1
89.8
111.1
143.9
118.6

372
166
102

408.2
445.0
446.5

108.7
142.6
119.5

534
69
49

412.1
466.8
522.3

109.6
144.1
170.5

284
130

393.4
485.7

101.0
129.6

P < 0.001

P = 0.001

P < 0.001

P < 0.001

1

Depth of tumour invasion (pT) and nodal involvement (pN) were
evaluated in 640 resected patients; 2CEA serum level was available for 414
patients.

Fibrinogen plasma levels and multivariate analysis

Table 2 shows the multivariate analysis (Cox regression
model) adjusted for multiple factors. Age, the presence
of systemic metastasis, the presence of residual
tumour, pT category and pN category were confirmed
as independent predictors of survival, whereas the
fibrinogen plasma level was not [hazard ratio (HR) for
fibrinogen value > 400 mg/dL compared to ≤ 400
mg/dL: 1.15 (95%CI: 0.86-1.54), P = 0.355]. Similar
results were found for tumour-related survival [HR for
fibrinogen value > 400 mg/dL compared to ≤ 400
mg/dL: 0.82 (95%CI: 0.54-1.21), P = 0.313]. Table
3 shows 5-year survival and tumour-related survival
rates for Stage Ⅰ, Stage Ⅱ, Stage Ⅲ and Stage Ⅳ
tumours treated by potentially curative resection (R0).

higher fibrinogen values compared to non-mucinous
histological types (467.1 ± 135.9 vs 417.6 ± 118.7; P
< 0.001). The mean ± SD was 395.6 ± 120.4 mg/dL
in G1 tumours, 424.1 ± 121.4 mg/dL in G2 tumours
and 453.4 ± 131.6 mg/dL in G3 tumours (P = 0.045).
Conversely, vascular invasion (P = 0.204), lymphatic
invasion (P = 0.940), neural invasion (P = 0.183)
and presence of inflammatory reaction (P = 0.067)
were not significantly associated with preoperative
fibrinogen plasma levels.

Fibrinogen cut-off value (400 mg/dL) and
clinicopathological variables

Considering the fibrinogen cut-off value of 400 mg/
dL, a significant association was found with age (P
= 0.001), type of resection (P < 0.001), depth of
tumour invasion (P < 0.001), the presence of systemic
metastases (P = 0.001), histological type (P = 0.001)
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Figure 1 Kaplan-Meier estimates. A: Kaplan-Meier estimates of overall survival according to fibrinogen plasma levels in the 652 patients enrolled in the study;
B: Kaplan-Meier estimates of tumour-related survival according to fibrinogen plasma levels in the 652 patients enrolled in the study; C: Kaplan-Meier estimates of
overall survival according to fibrinogen plasma levels in the 556 R0 patients enrolled in the study; D: Kaplan-Meier estimates of tumour-related survival according to
fibrinogen plasma levels in the 556 R0 patients enrolled in the study.

lar diseases, trauma and inflammatory diseases), a
number of studies have demonstrated the existence of
a correlation between high plasma fibrinogen levels and
the development and progression of several tumours,
including lung, pancreatic, gastric, and colorectal
[23-26]
cancer
.
Several mechanisms have been put forward to
explain the increase of fibrinogen plasma levels in
patients with cancer. First, tumour cells may ectopically
produce fibrinogen itself or other cytokines involved in
inflammation, such as IL-6, which ultimately trigger the
[27]
production of fibrinogen in the liver . Tumour growth
is also frequently associated with hypercoagulability
and hypoxia, with a subsequent increase in plasma
[28,29]
fibrinogen levels
. Finally, cancer-related tissue
injury causes a systemic inflammatory response and,
consequently, increases the level of plasma fibrinogen.
Several lines of evidence apparently demonstrate
that fibrinogen participates in tumourigenesis,
although the actual process is not yet completely
understood. Fibrinogen may enhance tumour cell
proliferation, migration and signalling through
interaction with multiple integrin and non-integrin
receptors. It may also promote tumour angiogenesis,

fibrinogen plasma levels correlate with the leading
prognostic factors in patients undergoing CRC
surgery; (2) long-term survival and tumourrelated survival appear to be worse in patients with
hyperfibrinogenemia; and (2) the prognostic value
of the preoperative fibrinogen plasma level is not
confirmed by multivariate analysis or by stratification
of patients according to completeness of tumour
resection (R0) and TNM stage.
It is now widely accepted that the outcome
of cancer is mediated by an interaction between
tumour-related factors and host factors, with chronic
inflammation probably representing the main hostrelated factor. This explains why the correlation
between inflammatory biomarkers and malignancies
[18-20]
has been extensively studied
. Fibrinogen is a
protein synthesized by hepatocytes, playing a pivotal
role in coagulation, thrombosis, wound healing, and
platelet aggregation, as well as in inflammatory
[21,22]
states
.
Although an increased plasma fibrinogen level is
largely not specific and may occur in many physiological
conditions (e.g., pregnancy or intense physical activity)
and some pathological conditions (e.g., cardiovascu
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Table 2 Hazard ratio of death as a function of preoperative fibrinogen plasma level (mg/dL) for the 652 patients under study
Survival
Age (yr)
> 68.8 vs ≤ 68.8
Gender
Male vs female
Tumour location
Rectum vs colon
Type of surgery
Urgent vs elective
Type of resection (R)
R1 vs R0
R2 vs R0
Depth of invasion (pT)1
pT2 vs pT1
pT3 vs pT1
pT4a vs pT1
pT4b vs pT1
Node involvement (pN)1
pN1 vs pN0
pN2 vs pN0
Systemic metastasis (M)
M1a vs M0
M1b vs M0
Fibrinogen plasma value
> 400 vs ≤ 400

Tumour-related survival

P value

HR (95%CI)

1

HR (95%CI)

< 0.001
2.55 (1.91-3.40)

P value
< 0.001

2.13 (1.47-3.09)
0.298

0.155

1.16 (0.88-1.53)

1.31 (0.90-1.89)
0.368

0.928

1.19 (0.82-1.72)

0.98 (0.59-1.61)
0.180

0.805

1.42 (0.85-2.38)

0.92 (0.49-1.74)
< 0.001

1.98 (0.77-5.07)
2.93 (1.82-4.71)

< 0.001
4.39 (1.61-11.97)
6.46 (3.63-11.49)

< 0.001
1.51 (0.59-3.86)
1.97 (0.93-4.13)
4.06 (1.90-8.68)
2.88 (1.30-6.37)

< 0.001
7.53 (0.88-64.83)
6.03 (0.81-44.63)
14.99 (2.02-111.57)
15.55 (2.07-117.09)

< 0.001
1.33 (0.94-1.87)
2.45 (1.69-3.54)

0.135
1.51 (0.97-2.37)
1.59 (0.94-2.67)

< 0.001
2.62 (1.72-3.99)
1.88 (1.06-3.30)

< 0.001
4.72 (2.72-8.19)
2.59 (1.32-5.06)

0.355
1.15 (0.86-1.54)

0.313
0.82 (0.54-1.21)

1

Values in parentheses are 95%CI. Hazard ratio and P values were derived from Cox regression analysis, controlling for all other variables.

involvement of lymphatic tissue since the lymphatic
fluid does not contain platelets and the lymphatic
endothelium has peculiar characteristics compared to
[32]
the vascular endothelium .
A number of studies have shown a correlation
between hyperfibrinogenemia and poor prognosis in
[33,34]
patients with metastatic and non-metastatic CRC
.
[16,23]
In accord with previous data
, our experience,
which represents one of the largest cohorts of CRC
patients, confirmed the correlation between fibrinogen
plasma levels and the most important prognostic
factors, namely completeness of tumour resection
(P < 0.001), the presence of systemic metastases
(P < 0.001), pT category (P < 0.001), pN category
(P = 0.001) and CEA serum level (P < 0.001).
Similarly, long-term and tumour-related survival
were associated with the presence of preoperative
hyperfibrinogenemia. Unlike other studies, however,
multivariate analysis and stratification of patients
according to completeness of tumour resection (R0)
and TNM stage failed to confirm the role of fibrinogen
as an independent prognostic factor.
[33]
Son et al
reported that preoperative hyper
fibrinogenemia was significantly associated with
shorter survival in 624 patients with non-metastatic
[33]
CRC when considering stage Ⅱ and Ⅲ separately .
[35]
Similar results were reported by Sun et al
in 255
[23]
patients with CRC and Tang et al
in 341 patients
submitted to curative CRC surgery.
In previous studies, different cut-off values for
preoperative plasma fibrinogen were used. Some

Table 3 Survival rates according to TNM stage as a function
of preoperative fibrinogen plasma level (mg/dL) for the 556
R0 patients under study
Survival
5-yr rate P value
Stage Ⅰ
Fibrinogen ≤ 400 mg/dL
Fibrinogen > 400 mg/dL
Stage Ⅱ
Fibrinogen ≤ 400 mg/dL
Fibrinogen > 400 mg/dL
Stage Ⅲ
Fibrinogen ≤ 400 mg/dL
Fibrinogen > 400 mg/dL
Stage Ⅳ
Fibrinogen ≤ 400 mg/dL
Fibrinogen > 400 mg/dL

Tumour-related survival
5-yr rate

0.812
91.5
88.2

P value
0.674

98.3
95.2
0.036

81.7
74.0

0.467
92.2
92.1

0.206
70.6
60.8

0.627
81.8
85.0

0.566
30.0
40.4

0.213
31.8
61.2

cooperating with growth factors such as vascular
endothelial growth factor and fibroblast growth
[30]
factors . High levels of fibrinogen receptors, such
as α5β1 and ανβ3 integrins, also promote the stable
adhesion of tumour cells to the endothelium of target
organs and are largely expressed on malignant
cells. Notably, a protective role for fibrinogen against
natural killer (NK) cells seems to be involved in the
haematogenous metastatic potential of tumour cells.
Fibrinogen may hence suppress NK cell activity for
cancer cell clearance, thus increasing the number of
[31]
metastatic cells . Conversely, hyperfibrinogenemia
does not seem to have a role in the metastatic
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studies identified the mean value as a prognostic
[23]
[16]
th
threshold , others the median value
or the 25
[33]
percentile . In our study, despite several threshold
values being adopted (i.e., mean value, median value,
th
th
25 and 75 percentile) to evaluate significance of
difference in survival analysis, hyperfibrinogenemia
was not found to be an independent prognostic
factor in multivariate analysis or after stratification of
patients according to completeness of tumour resection
and TNM stage (data not shown). In our series, the
median preoperative plasma fibrinogen value was 409
mg/dL, which is very close to the upper limit of 400
mg/dL.
In conclusion, this study represents the first
analysis of the value of preoperative fibrinogen
plasma level in a Western country to the best of our
knowledge. The analysis of our data demonstrates
that preoperative fibrinogen plasma levels correlate
with leading prognostic factors in patients undergoing
surgery for CRC. Although long-term survival and
tumour-related survival are worse in patients with
hyperfibrinogenemia, these findings are not confirmed
in multivariate analysis or after stratification of patients
according to completeness of tumour resection and
TNM stage. It seems reasonable to suggest that
evaluation of the preoperative fibrinogen level is not
helpful for predicting the prognosis of patients with
appropriate TNM staging.
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CRC is the third most common cancer worldwide. CRC is associated with a
large range of fibrinolytic and procoagulant alterations and fibrinogen plasma
levels could represent the expression of this relationship.
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Abstract
AIM
To evaluate intra- and interobserver agreement in
imaging features in inflammatory bowel disease and
comparison with fecal calprotectin (FC) levels.
METHODS
Our institutional computed tomography enterography
(CTE) database was retrospectively queried to identify
patients who underwent CTE from January 2014 to
June 2015. Patient inclusion criteria were confirmed
inflammatory bowel disease (IBD) and FC collected
< 4 mo after CTE without any change in clinical
treatment or surgical treatment during this interval.
The exclusion criterion was poor image quality. Two
blinded abdominal radiologists, with 12 and 3 years
of experience analyzed the CTE regarding localization
(small bowel, colonic, both, or no disease detected);
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type of IBD (inflammatory, stenosing, fistulizing, > 1
pattern, or normal); and signs of active disease (present
or absent). In 42 of 44 patients evaluated, routine
CTE reports were made by one of the readers who reevaluated the CTEs ≥ 6 mo later, to determine the
intraobserver agreement. FC was considered a sign of
disease activity when it was higher than 250 μg/g.
RESULTS
Forty-four patients with IBD (38 with Crohn’s disease
and 6 with ulcerative colitis) were included. There
was a moderate interobserver agreement regarding
localization of IBD (k = 0.540), type of disease (k
= 0.410) and the presence of active signs in CTE (k
= 0.419). There was almost perfect intraobserver
agreement regarding localization, type and signs of
active disease in IBD. The κ values were 0.902, 0.937
and 0.830, respectively. After a consensus between
both radiologists regarding inflammatory activity in
CTE, we found that 24 (85.7%) of 28 patients who
were classified with active disease had elevated FC,
and six (37.5%) of 16 patients without inflammatory
activity in CTE had elevated FC (p = 0.003). The
correlation between elevated FC and the presence of
active disease in CTE was significant (κ = 0.495, p =
0.001).
CONCLUSION
We found almost perfect intraobserver and moderate
interobserver agreement in the signs of active disease
in CTE with concurrence of high FC levels.
Key words: Crohn’s disease; Ulcerative colitis; Computed
tomography; Fecal calprotectin; Inflammatory bowel
disease activity
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Evaluation of active inflammation in inflam
matory bowel disease (IBD) is not simple and demands
a multidisciplinary approach. A few studies have
evaluated the interobserver agreement in computed
tomography enterography (CTE) findings in patients with
active inflammation in IBD. Intraobserver agreement
was only evaluated in other imaging modalities. This
study showed for the first time intraobserver agreement
for CTE signs of active IBD and its correlation with
fecal calprotectin (FC) levels. We found almost perfect
intraobserver and moderate interobserver agreement in
the characterization of signs of active disease in CTE, in
concurrence with high FC levels in patients with IBD.

http://dx.doi.org/10.3748/wjg.v22.i45.10002

INTRODUCTION
Inflammatory bowel disease (IBD) is considered an
important healthcare problem worldwide, with a high
morbidity and poor quality of life. The treatment of
IBD is directed according to the analysis of clinical,
endoscopic, laboratory and imaging features. The
presence of active inflammatory disease plays a central
role for tailored treatment planning. Nevertheless, the
evaluation of active inflammation is not a simple task
and demands a multidisciplinary approach.
computed tomography enterography (CTE) has
become an important imaging modality for evaluation
of IBD due to its accessibility and reliability. CTE
provides visualization of the entire gastrointestinal
tract, allowing the differentiation in inflammatory,
stenosing and fistulizing diseases, and enables
[1]
the characterization of active disease . Imaging
features of active inflammatory disease include
mucosal hyperenhancement, wall thickening, mural
stratification, prominent vasa recta (comb sign),
mucosal ulcerations, enlarged mesenteric lymph node
[2-5]
and mesenteric fat stranding .
Magnetic resonance enterography (MRE) and
CTE are equally accurate for assessment of disease
[6]
activity . However, CTE is more widely available,
especially in developing countries, less time con
suming, and more reproducible in terms of image
[7]
quality . Despite the need for intravenous contrast
media and exposure to radiation, CTE is still widely
used for evaluation of patients with IBD. The use
of dose modulation can reduce CTE radiation dose,
[8]
increasing the use of this method .
Fecal calprotectin (FC) is a zinc- and calciumbinding protein that is found in bowel-activated
neutrophils during mucosal damage, and is considered
to be one of the most important biomarkers for
evaluation of disease activity in IBD. It is a noninvasive
and low cost method, which measures FC directly from
stool samples. Increased FC levels have been found in
IBD, with close correlation with endoscopic scores of
[5,9]
inflammation .
The aim of this study was to evaluate inter- and
intraobserver agreement in detection of inflammatory
signs in CTE, in comparison with FC levels.

MATERIALS AND METHODS
Horvat N, Tavares CC, Andrade AR, Cabral JCS, Leao-Filho
HM, Caiado AHM, Ueda SKN, Leite AZA, Sipahi AM, Rocha
MS. Inter- and intraobserver agreement in computed tomography
enterography in inflammatory bowel disease. World J
Gastroenterol 2016; 22(45): 10002-10008 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i45/10002.htm DOI:
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Study design

Institutional review board approval was obtained
and the requirement for informed written consent
was waived. Our institutional CTE database was
retrospectively queried to identify patients who
underwent CTE from January 2014 to June 2015.
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Figure 1 Computed tomography enterography shows signs of inflammatory activity in patients with inflammatory bowel disease. A: Mucosal
hyperenhancement, wall thickening with mural stratification (arrowheads), mesenteric fat stranding (arrows); B: Mucosal ulcerations (arrow); C: Hypervascularity of the
involved mesentery (comb sign) (arrows); D: Enlarged mesenteric lymph nodes (arrowheads).

Patient inclusion criteria for this study were
confirmed inflammatory bowel disease and FC
collected < 4 mo from the date of CTE, without any
change in clinical treatment or surgical treatment
during this interval. The exclusion criterion was poor
image quality.
The CTE images of these patients were anonymized
and reviewed by two abdominal radiologists (A.C.X.
and C.D.Y. with 12 and 3 years of experience as an
attending gastrointestinal radiologist) blinded for
clinical, laboratory, endoscopic findings and previous
reports of the patients. Despite the lower experience
time in abdominal radiology, Reader 2 (A.C.X.) pre
sented more experience in CTE.
In 42 of 44 patients evaluated, the routine CTE
reports were made by Reader 2, who re-evaluated the
CTEs ≥ 6 mo, to minimize the recall bias, in order to
determine the intraobserver agreement.

CTE technique

CTE examinations were performed using a stan
dardized clinical protocol on a 64-channel CT scanner
(Brilliance, Philips Medical Systems, Eindhoven,
the Netherlands; and Discovery HD 750, General
Electric Healthcare, Waukesha, Wi, United States).
Patients fasted for ≥ 6 h and ingested 1.5 L of a
polyethylene glycol solution in 50 min to distend the
small bowel. Each patient received 10 mg intravenous
N-butylhyoscine bromide, to reduce bowel peristalsis

WJG|www.wjgnet.com

and 8 mg intravenous ondansetron to reduce nausea
and vomiting.
CTE images were acquired after intravenous
injection of 2.0 mL/kg contrast agent (iopromide;
Bayer, Berlin, Germany), containing 623 mg/mL
iodine, at a rate of 4 ml/s, followed by 25 mL saline.
Bolus-tracking software was used to trigger the arterial
phase scans at 20 s after contrast enhancement of the
upper abdominal aorta to an attenuation threshold of
150 HU. The enterographic phase was timed to start
at 60 s after the start of contrast injection. Contrastenhanced CT was performed using the following
scanning parameters: 250 mA, 120 kVp, 0.5-s tube
rotation time, and pitch 1.375. A 2.0-mm section
thickness was used and images were reconstructed
after every 1.5 mm.

Image evaluation

The two abdominal radiologists after a specific
training analyzed the CTE in terms of localization
(small bowel, colonic, both or no disease detected);
type of IBD (inflammatory, stenosing, fistulizing, >
1 pattern, or normal); and signs of active disease
(present or absent). Active disease was defined as the
presence of ≥ 2 of the following findings: (1) mucosal
hyperenhancement; (2) wall thickening with mural
stratification; (3) hypervascularity of the involved
mesentery (comb sign); (4) mucosal ulcerations; (5)
enlarged mesenteric lymph node; and (6) mesenteric
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151 patients underwent CT enterography
from January 2014 to June 2015

Table 1 Patient characteristics (n = 44) n (%)
Variable

57 patients had
confirmed IBD
12 patients collect FC more than 4 mo
after the CTE
1 patients had poor CTE image quality

44 patients
(study population)

Figure 2 Selection of patients for the retrospective study with all the
patients undergoing fecal calprotectin within 4 mo. CTE: Computed
tomography enterography; IBD: inflammatory bowel disease.

19 (43.2)
25 (56.8)
49.0 ± 25.4
38 (86.3)
6 (13.7)
30
1800
496 ± 706
30 (68.2)

CTE: Computed tomography enterography; IBD: Inflammatory bowel
disease.

Table 2 Interobserver agreement in computed tomography
enterography (n = 44)

fat stranding (figure 1).

CTE
variables

FC

Disease localization
Reader 1 SB
C
SB
10
0
C
0
3
B
0
0
ND
2
4
Total
12
7
Type of IBD
Reader 1
I
S
I
9
1
S
1
6
F
0
0
M
2
2
N
5
0
Total
17
9
Signs of active disease
Reader 1 Present
Present
19
Absent
11
Total
30

Collected fecal samples used for FC measurements
were stored and shipped on ice to Alvaro Laboratory
(Cascavel, Brazil), where the FC levels were determined
®
using a quantitative ELISA (BÜHLMANN fCAL ELISA),
using a standard method. The detection limits of this
ELISA kit for FC range from 30 to 1800 μg/g. Levels
above 250 μg/g were interpreted as disease activity.

Statistical analysis

The data were analyzed using the statistical program
2
SPSS version 22.0 and MINITAB 16.0. The χ test
and Mann-Whitney test were used to compare vari
ables between two groups. For all tests, p < 0.05
was considered statistically significant. Interobserver
agreement was assessed using weighted κ with
statistics. κ values were interpreted as follows:
0-0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, substantial
agreement; and 0.81-1.0, almost perfect agreement.
The statistical methods of this study were reviewed by
Mr. Valdecir Marvulle.

RESULTS
One hundred and fifty-one patients underwent CTE
during the selected period. Fifty-seven patients
had confirmed IBD. We excluded 13 patients: 12
from whom FC was measured > 4 mo after CTE
and one patient who had poor CTE image quality.
The final study population consisted of 44 patients
(Figure 2). The median interval between CTE and FC
measurement was 58.7 (range: 0-120) d.
Among 44 patients, 25 were women (56.8%), with
a mean ± SD age of 49 ± 25.4 years, with Crohn’s
disease (CD) (n = 38) and ulcerative colitis (UC) (n = 6).

WJG|www.wjgnet.com

Value

Sex
Male
Female
Age at CTE (yr)
IBD
Crohn’s disease
Ulcerative colitis
Fecal calprotectin
Minimum
Maximum
Mean ± SD
> 250 μg/g (%)

1

Reader 2

B
8
0
9
0
17

ND
0
1
0
7
8

F
0
0
1
1
2
4

M
2
1
2
2
0
7

Absent
2
12
14

%

Total
18
4
9
13
44
N
1
0
0
0
6
7

κ value P value

65.9

0.54

< 0.001

Total 54.5
13
8
3
7
13
44

0.41

< 0.001

0.419

0.002

Total
21
23
44

70.4

1

Percentage of agreement. B: Both; C: Colon; CTE: Computed tomography
enterography; F: Fistulizing; I: Inflammatory; IBD: Inflammatory bowel
disease; M: More than one pattern; N: Normal; ND: No disease detected; S:
Stenosing; SB: Small bowel.

Thirty patients (68.2%) had elevated FC (> 250 μg/g),
and the mean FC value was 496 ± 706.31 μg/g (table 1).
Localization of the disease was defined by Reader
1 in the small bowel in 18 patients (40.9%), four
(9.1%) in the colon, nine (20.5%) in both, and no
disease in 13 (29.5%). By Reader 2, the classification
was: small bowel in 12 patients (27.3%), colon in
seven (15.9%), 17 (38.6%) in both, and no disease
in eight (18.2%). There was a moderate interobserver
agreement regarding localization of the disease (κ =
0.540) (table 2).
Regarding the type of IBD, Reader 1 classified 13
(29.5%) patients as inflammatory, eight (18.3%) as
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CTE
variables

nd

1

Reader 2 (2 )

Disease localization
Reader
SB
C
2 (RE)
SB
12
0
C
0
7
B
0
0
ND
0
0
Total
12
7
Type of IBD (n = 44)
Reader
I
S
2 (RE)
I
15
0
S
0
8
F
0
0
M
2
0
N
0
0
Total
17
8
Signs of active disease
Reader
Present
2 (RE)
Present
28
Absent
0
Total
28

%

M

ND

Total

3
0
12
0
15

0
0
0
8
8

15
7
12
8
42

F

M

N

0
0
3
0
0
3

0
0
0
6
0
6

0
0
0
0
8
8

92.8

Fecal calprotectin (mcg/g)

Table 3 Intraobserver agreement in computed tomography
enterography (n = 42)
κ value P value

0.902

< 0.001

P = 0.004
1000

500

0

Total 95.1

0.937

Present
Absent
CTE signs of active inflammatory bowel disease

< 0.001

Figure 3 Fecal calprotectin levels in patients with and without signs of
active inflammatory disease in computed tomography enterography. CTE:
Computed tomography enterography.

15
8
3
8
8
42

Absent

Total

3
11
14

31
11
42

DISCUSSION
92.9

0.83

< 0.001

1

Percentage of agreement. 2nd: Second evaluation; SB: Small bowel; B:
Both; C: Colon; CTE: Computed tomography enterography; F: Fistulizing;
I: Inflammatory; IBD: Inflammatory bowel disease; M: More than one
pattern; N: Normal; ND: No disease detected; RE: Routine evaluation; S:
Stenosing.

stenosing, three (6.8%) as fistulizing, seven (15.9%)
as > 1 pattern, and 13 (29.5%) as normal. Reader 2
classified 17 (38.6%) as inflammatory, nine (20.5%)
as stenosing, four (9.1%) as fistulizing, seven (15.9%)
as > 1 pattern, and seven (15.9%) patients as
normal. The interobserver agreement regarding the
type of IBD was moderate (κ = 0.410) (table 2).
Reader 1 classified 21 (48%) patients as having
active disease and Reader 2 classified 30 (68%) (table
2). The weighted quadratic κ value for classifying the
IBD as active or not was 0.419, indicating moderate
agreement (table 2).
There was almost perfect intraobserver agreement
regarding localization, type and signs of active disease
in IBD. The κ values were 0.902, 0.937 and 0.830,
respectively (table 3).
After a consensus between both radiologists
regarding signs of active disease in CTE, we found
that 24 (85.7%) of 28 patients who were classified
as having active disease had elevated FC, and six
(37.5%) of 16 patients without inflammatory activity
in CTE had elevated FC (p = 0.003). The correlation
between elevation of FC (> 250 μg/g) and presence
of active disease in CTE was significant (κ = 0.495, p
= 0.001). As such, using a Mann-Whitney test, the FC
levels were significantly higher in patients deemed as
having active disease in CTE (P = 0.004) (figure 3).
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Our study showed almost perfect intraobserver and
moderate interobserver agreement in classifying IBD
as active disease. We considered that the intraobserver
was better than the interobserver agreement probably
due to the greater experience in CTE of Reader 2.
However, it must be considered that, despite the
interval of ≥ 6 mo from routine evaluation to the
second one, and previous anonymization of the
patients’ data, a recall bias might have occurred.
A few studies evaluated that the interobserver
agreement for each CTE finding of active inflammation
resulted in a moderate to substantial concordance,
[7,10]
with κ values ranging from 0.43 to 0.83
. Their
interobserver agreement was higher for mural
[10]
hyperenhancement . However, in clinical practice, the
final interpretation of the radiologists usually is more
relevant than the presence of each imaging feature
alone.
[11]
Siddiki et al
evaluated the interobserver agree
ment regarding the final interpretation of the radiologists
as active or inactive, which is similar to our study, and
demonstrated a substantial interobserver agreement (κ
= 0.76). One possible reason for a higher interobserver
agreement is the fact that they classified the patients
into four groups (definitely active, suspicious, inactive
and absent) and then the suspicious subtype was
considered as active for statistical analysis, which may
have improved the concordance.
In contrast, we found almost perfect intraob
server agreement regarding localization, type, and
inflammatory activity. To the best of our knowledge, this
is the first study to evaluate intraobserver agreement
in CTE, but there have been a few evaluations of
[12]
other imaging modalities. De Franco et al
showed
a substantial intraobserver agreement (κ = 0.71)
in contrast-enhanced ultrasound parameters of
active disease in patients with CD in the terminal
ileum. Another MR enteroclysis study showed high

10006

December 7, 2016|Volume 22|Issue 45|

Horvat N et al . CT enterography in IBD
intraobserver agreement in the evaluation of each
[13]
active criterion alone (κ ranged from 0.61 to 1.0) .
The differences in interobserver agreement in
our study in comparison with others may reflect the
difference in CTE experience of the two radiologists,
which, moreover, reflect the reality of most hospitals.
This reinforces the need for objective and struc
tured reports, such as magnetic resonance index of
activity (MaRIA) used in MRE, which can improve
the reproducibility of the reports, mainly between
radiologists with different levels of experience in
[14]
CTE . Moreover, the better intraobserver agreement
strengthens the need for a multidisciplinary team with
experience in IBD in all specialties, including radiology.
IBD is a complex condition, with a high morbidity,
in which the patients benefit from being treated
in a reference hospital by an engaged team with
reproducible results.
After a consensus between the radiologists,
we found a significant correlation between active
inflammatory disease on CTE and high levels of FC (κ
= 0.495, p = 0.001). Our findings are in line with those
of prior studies that demonstrated good correlation
between high levels of FC with endoscopic scores
[15,16]
[16]
. Arai et al
evaluated the correlation
and CTE
between FC, CTE and balloon-assisted enteroscopy in
patients with IBD. The authors created a novel CTE
score in which four imaging variables were evaluated
in five predefined ileal-colonic segments, and each
variable was scored from 0 to 4 per segment. The
authors showed that the FC levels were well correlated
with CTE score (r = 0.4018, p = 0.0011).
We also found that 85.7% of the patients who
were classified as having active disease had elevated
FC, opposed to 37.5% of patients without active
inflammation on CTE who had elevated FC. FC is a
biomarker that reflects intestinal mucosal damage,
and using a cut-off point of 250 μg/g, as in our study,
the sensitivity and specificity of detecting active
inflammation in IBD are about 80%, when compared
[15-17]
with endoscopy
. However, some other studies
have shown that FC presents a better sensitivity
than specificity, which could explain the false-positive
[4,18-20]
results
. Furthermore, the best area under the
curve was demonstrated in studies that correlated
[21,22]
. Additionally,
low FC levels with inactive disease
other authors have shown that an increase in FC levels
[23]
may precede the onset of inflammation , but we did
not follow-up the patients. The combination of these
factors may have influenced these discordant results.
There were several potential limitations to our
study. First, the small sample size and retrospective
nature of the study, not allowing FC measurement and
CTE to be performed on the same day. In addition,
there was no correlation with the standard reference
values, such as endoscopic or histological findings, and
the interobserver agreement was only evaluated by
one reader. Finally, we did not perform a follow-up of
the patients with no inflammatory signs on CTE and
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high FC levels. Therefore, further prospective studies
with larger patient populations, with multireader
evaluation and with other correlations (e.g., laboratory,
endoscopic and histological analysis) are needed to
evaluate the role of each marker in the evaluation of
patients with IBD.
In conclusion, we found almost perfect intra
observer and moderate interobserver agreement in
the characterization of signs of active disease in CTE in
concurrence with high FC levels in patients with IBD.
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Abstract
AIM
To identify risk factors for post-polypectomy bleeding
(PPB), focusing on antithrombotic agents.
METHODS
This was a case-control study based on medical records
at a single center. PPB was defined as bleeding that
occurred 6 h to 10 d after colonoscopic polypectomy
and required endoscopic hemostasis. As risk factors for
PPB, patient-related factors including anticoagulants,
antiplatelets and heparin bridge therapy as well as
polyp- and procedure-related factors were evaluated.
All colonoscopic hot polypectomies, endoscopic mucosal
resections and endoscopic submucosal dissections
performed between January 2011 and December 2014
were reviewed.
RESULTS
PPB occurred in 29 (3.7%) of 788 polypectomies
performed during the study period. Antiplatelet or
anticoagulant agents were prescribed for 210 (26.6%)
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patients and were ceased before polypectomy except
for aspirin and cilostazol in 19 cases. Bridging therapy
using intravenous unfractionated heparin was adopted
for 73 patients. The univariate analysis revealed that
anticoagulants, heparin bridge, and anticoagulants plus
heparin bridge were significantly associated with PPB (P
< 0.0001) whereas antiplatelets and antiplatelets plus
heparin were not. None of the other factors including
age, gender, location, size, shape, number of resected
polyps, prophylactic clipping and resection method
were correlated with PPB. The multivariate analysis
demonstrated that anticoagulants and anticoagulants
plus heparin bridge therapy were significant risk
factors for PPB (P < 0.0001). Of the 29 PPB cases, 4
required transfusions and none required surgery. A
thromboembolic event occurred in a patient who took
anticoagulant.
CONCLUSION
Patients taking anticoagulants have an increased risk
of PPB, even if the anticoagulants are interrupted
before polypectomy. Heparin-bridge therapy might be
responsible for the increased PPB in patients taking
anticoagulants.
Key words: Post-polypectomy bleeding; Heparin
bridge therapy; Colonic polypectomy; Anticoagulants;
Antiplatelets; Endoscopic surgery
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Post-polypectomy bleeding (PPB) is the
most common complication of colon polypectomy.
In this study, we demonstrated that patients taking
anticoagulants have an increased risk of PPB, even if
the anticoagulants are interrupted before polypectomy.
Heparin-bridge therapy might be responsible for the
increased PPB in patients who take anticoagulants.
Kubo T, Yamashita K, Onodera K, Iida T, Arimura Y, Nojima
M, Nakase H. Heparin bridge therapy and post-polypectomy
bleeding. World J Gastroenterol 2016; 22(45): 10009-10014
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i45/10009.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i45.10009

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer and ranks fourth as a cause of death world
[1]
wide . Endoscopic polypectomy is a safe and
useful procedure to prevent CRC, reducing the
[2,3]
CRC morbidity by 70%-80% . Post-polypectomy
bleeding (PPB) is the most common complication of
endoscopic polypectomy with reported incidences
[4-6]
ranging from 0.65% to 8.6% . Risk factors for PPB
include larger polyp size, right colon, pedunculated

WJG|www.wjgnet.com

[6-9]

type and anticoagulants , although these are still
controversial. Major guidelines recommend cessation
of anticoagulants before polypectomy and heparin
[10-12]
bridge therapy for high thrombotic risk cases
.
Nevertheless, a study demonstrated that the incidence
of PPB was higher in patients taking anticoagulants,
[13]
even if they were interrupted . Recently, another
study suggested that heparin bridge therapy might be
associated with a higher PPB rate in patients taking
[14]
anticoagulants . Studies, including a meta-analysis,
suggest that bridging therapy might be associated with
high bleeding risk after invasive procedures including
[15,16]
polypectomy in patients taking anticoagulants
.
A randomized double-blind placebo-controlled trial
demonstrated that bleeding risk was higher in patients
taking bridging therapy than in those without bridging
and that thromboembolic risk was similar in both
[17]
groups . The aim of this study was to elucidate the
risk factors for PPB including antithrombotic agents
and heparin bridge therapy.

MATERIALS AND METHODS
This is a case-control study based on medical records
at Sapporo Medical University Hospital. All colonos
copic polypectomies, endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD)
performed between January 2011 and December 2014
were included. Patient-, polyp- and procedure- related
factors were obtained from the database. The patientrelated factors included age, gender, comorbidity,
antithrombotic agents (antiplatelet and anticoagulant).
The polyp-related factors included location (right
colon: cecum, ascending colon, and transverse colon;
left colon: descending colon, sigmoid colon, and
rectum), size, shape and number of resected polyp.
The procedure-related factors were prophylactic
clipping and resection method (polypectomy, EMR or
ESD). PPB was defined as bleeding that occurred 6 h
to 10 d after colonoscopic polypectomy and required
endoscopic hemostasis. For such cases, a second-look
colonoscopy was performed to identify the origin of the
bleeding and endoscopic hemostasis was performed
immediately.
The management of antithrombotic agents was
based on the Japanese Gastroenterological Endo
[18]
scopy Society guidelines published in 2005 . All
anticoagulants and antiplatelets were ceased before
polypectomy except in high thrombotic risk cases.
Aspirin and thienopyridines (ticlopidine and clopidogrel)
were stopped 5-7 d before polypectomy and other
antiplatelets such as cilostazol, dipyridamole or
beraprost were ceased 24 to 48 h before the procedure.
The anticoagulants used during the study period were
warfarin, dabigatran and rivaroxaban. Warfarin was
ceased 4-5 d before polypectomy and dabigatran
and rivaroxaban were stopped 24 to 48 h prior to
the procedure. All antiplatelets and anticoagulants
were resumed 24 to 48 h from polypectomy. For high
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Table 2 Characteristics of the study cohort and polyps n (%)

Table 1 Prescription of antithrombotic agents
Anticoagulants

n

Warfarin
Dabigatran
Rivaroxaban
Antiplatelets
Aspirin
Clopidogrel
Cilostazol
Ticlopidine
Others
Anticoagulants + antiplatelets
Dual antiplatelets
Triple antiplatelets
Heparin bridge

68
12
3

No. of patients
Age (yr, mean)
Gender

93
35
31
12
28
28
59
8
73

Polyp location
Polyp size
Polyp shape

thrombotic risk patients, intravenous unfractionated
heparin (UFH) was administered after ceasing anti
coagulants or antiplatelets. UFH was started 2-3 d
before polypectomy at 10000 to 15000 U/d, which was
adjusted by monitoring APTT. The UFH was stopped 4-6
h prior to polypectomy and resumed 2-6 h after the
procedure.
The instrument used for polypectomy and EMR
was a SnareMaster (Olympus medical, Tokyo,
Japan) and normal saline was injected for EMR. The
instruments used for ESD were a Hook knife (Olympus
medical, Tokyo, Japan) or Flush Knife BT (Fujifilm,
®
Tokyo, Japan). Glyceol (Chugai Pharmaceutical Co.,
Ltd.) and hyaluronic acid was used for submucosal
injection in ESD. An electrosurgical unit (VIO 300D;
ERBE, Tubingen, Germany) was set according to
the manufacturer’s instructions and a mixed current
was used for resection. As cold polypectomy was not
adopted during the study period, all the procedures
including polypectomy, EMR and ESD were performed
using electrocautery (hot). PPB was treated endo
scopically using soft coagulation, hemoclipping, or
epinephrine injection.
Student’s t-test was used for continuous variables
and chi-square test or Fisher’s exact test was used for
categorical variables. First, a univariate analysis was
performed for all possible risk factors. The significant
variables were taken as potential risk factors and were
included in the multivariate logistic regression model.
All P values were two-sided and the results were
considered significant when P values were < 0.05.

RESULTS
A total of 788 patients underwent polypectomy
during the study period. Antithrombotic agents were
prescribed to 210 (26.6%) patients; anticoagulants
to 83 (10.5%), antiplatelets to 154 (19.5%), both to
28 (3.6%), dual antiplatelet agents to 59 (7.5%) and
triple antiplatelet agents to 8 (1.0%) patients. Bridging
therapy using intravenous UFH was adopted for 73
patients (9.3%) (Table 1). All anticoagulants and
antiplatelets were ceased before polypectomy except
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No. of polyps
resected
Prophylactic
clipping
Resection method

Antiplatelets
Anticoagulants
Heparin bridge
Antiplatelets +
heparin bridge
Anticoagulants +
heparin bridge

Male
Female
Right
Left
≥ 10 mm
< 10 mm
Flat
Sessile
Pedunculated
1
≥2
Yes
No
Polypectomy
or EMR
ESD
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No

No bleeding

Bleeding

759 (96.3)
64 ± 14.3
458 (98.1)
301 (93.8)
239 (95.6)
336 (95.5)
338 (96.8)
361 (95.8)
266 (96.7)
416 (96.5)
118 (95.2)
343 (96.6)
416 (96.1)
566 (95.8)
193 (98.0)
703 (96.6)

29 (3.7)
62 ± 16.0
9 (1.9)
20 (6.2)
11 (4.4)
16 (4.5)
11 (3.2)
16 (4.2)
9 (3.3)
15 (3.5)
6 (4.8)
12 (3.4)
17 (3.9)
25 (4.2)
4 (2.0)
25 (3.4)

56 (93.3)
146 (94.8)
613 (96.7)
72 (86.7)
687 (97.4)
63 (86.3)
696 (97.3)
32 (91.4)
727 (96.5)
47 (82.5)
712 (97.4)

4 (6.7)
8 (5.2)
21 (3.3)
11 (13.3)
18 (2.6)
10 (13.7)
19 (2.7)
3 (8.6)
26 (3.5)
10 (17.5)
19 (2.6)

P value
0.50
0.35
0.93
0.43
0.73

0.69
0.16
0.20

0.27
< 0.001
< 0.001
0.11
< 0.001

PPB: Post-polypectomy bleeding.

Table 3 Multivariate analysis of risk factors for Postpolypectomy bleeding
Variable
Anticoagulants
Heparin bridge therapy
Anticoagulants+ heparin bridge

Odds ratio

95%CI

P value

4.227
2.172
9.796

1.126-15.872
0.556-8.482
3.771-25.443

0.033
0.265
< 0.001

PPB: Post-polypectomy bleeding.

for aspirin or cilostazol in 19 cases. PPB occurred in
29 (3.7%) of 788 polypectomies performed. Four
PPB patients required transfusion and none required
surgery. None of the following were correlated with
PPB: age, gender, polyp location, polyp size, polyp
shape (flat vs sessile vs pedunculated), number
of polyps resected, prophylactic clipping, resection
method (polypectomy or EMR vs ESD), antiplatelets
and antiplatelet plus heparin bridge therapy (Table
2). Anticoagulants, heparin bridge therapy, and
anticoagulants plus heparin bridge therapy (meaning
that anticoagulants were substituted by heparin before
polypectomy) were significantly associated with PPB
(Table 2).
The multivariate logistic regression analysis revealed
that anticoagulants and anticoagulants plus heparin
bridge therapy were independent risk factors for PPB
whereas heparin bridge therapy alone was not (Table
3). The odds ratios of anticoagulants and anticoagulants

10011

December 7, 2016|Volume 22|Issue 45|

Kubo T et al . Heparin bridge therapy and PPB
Table 4 Summary of 11 post-polypectomy bleeding cases taking anticoagulants
Anticoagu-lants
1
2
3
4
5
6
7
8
9
10

Warfarin
Warfarin
Warfarin
Warfarin
Warfarin
Dabigatran
Warfarin
Dabigatran
Warfarin
Warfarin

11

Warfarin

Antiplatelets
Clopidogrel
Aspirin
Aspirin
(Continued)
-

Heparin

Onset of

PT-INR

Anticoagulants

APTT

Heparin

bridge

PPB (POD)

at PPB

at PPB

at PPB

at PPB

Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

5
2
6
2, 5
5
2
1, 2
6
1, 6
2

1.62
1.31
1.26
1.20
1.25
2.03
1.31
1.40
1.23
1.32

Yes
Yes
Yes
Yes
Yes
No
No
Yes

93.1
42.8
32.2
29.4
73.1
45.2
50.1
33.5
40.4

Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes

Yes

1

1.21

Yes

29.5

Yes

PPB: Post-polypectomy bleeding; POD: Post-operative day.

plus heparin were 4.2 (95%CI: 1.126-15.87, P =
0.033) and 9.8 (95%CI: 3.771-25.443, P < 0.001),
respectively.
Eleven PPB cases that took anticoagulants are
summarized in Table 4. Seven patients had atrial
fibrillation, seven had valvular heart disease and one
had cerebrovascular disease. Warfarin, dabigatran and
antiplatelets were prescribed to 9, 2 and 3 patients,
respectively. Anticoagulants and antiplatelets were
ceased before polypectomy in all cases and heparin
bridge therapy was carried out for 10 of 11 patients.
Bleeding occurred 1 to 6 d after polypectomy. All
PPB were successfully treated by endoscopy but rebleeding occurred in 3 cases. Seven patients resumed
anticoagulants before PPB but the PT-INR at PPB were
within therapeutic range. Eight patients were still on
heparin at PPB and APTT at PPB were elevated in 2
patients. A thromboembolic event occurred in a patient
after ceasing anticoagulant treatment.

DISCUSSION
Our study demonstrated that anticoagulants and
anticoagulants plus heparin bridge therapy might be
independent risk factors for PPB despite periprocedural
interruption. Several studies demonstrated a close
[5,13,14,19-21]
correlation between PPB and anticoagulants
.
[5]
Sawhney et al demonstrated that resuming anticoa
gulants following polypectomy was strongly associated
[13]
with severe delayed PPB. Witt et al
also suggested
the incidence of PPB was higher in patients receiving
anticoagulation therapy, even though warfarin was
interrupted for the procedure.
It has been recently suggested that heparin bridge
therapy might be associated with PPB after ceasing
[15]
[14]
antithrombotic agents . Inoue et al demonstrated
that the incidence of PPB was significantly higher in
a heparin bridge group than in a non-heparin bridge
group (20.0% vs 1.4%, respectively). Ishigami et
[22]
al
also demonstrated that heparin-bridging therapy
is associated with a high risk of PPB regardless of
polyp size.
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[15]

[16,17]

A meta-analysis
and large-scale studies
also suggest that heparin bridge therapy might in
crease bleeding after invasive procedures including
polypectomy in patients taking anticoagulants. Notably,
a randomized double-blind placebo-controlled trial
demonstrated that the incidence of major bleeding was
higher in a bridging group than in a no-bridging group
whereas the incidence of arterial thromboembolism
[17]
was similar in both groups (the BRIDGE trial) .
Our study also demonstrated that anticoagulants
and anticoagulants plus heparin-bridge therapy were
independent risk factors for PPB. Anticoagulants were
interrupted in all cases and PT-INR at PPB was below
the therapeutic range in most cases. Of 11 PPB cases
using anticoagulants, 10 underwent heparin bridge
therapy and 8 were on heparin at the time of PPB.
Heparin bridge therapy might be responsible for PPB
in patients taking anticoagulants, though APTT at PPB
was elevated in only 2 cases. Heparin might have
a synergic effect with anticoagulants, which is not
measurable using APTT or PT-INR.
Interestingly, antiplatelets plus heparin was not
associated with PPB in our study. Previous studies
demonstrated that aspirin is not a risk factor for PPB
[19,20,23-25]
[23]
in conventional polypectomy
. Yousfi et al
demonstrated that there was no statistically relevant
difference in prior aspirin use before polypectomy in
a bleeding group and matched controls. Manocha et
[25]
al
demonstrated PPB rates of patients on aspirin
and NSAIDs vs those not on aspirin or NSAIDs (3.2%
vs 3.0%). In contrast, polypectomy on clopidogrel
[8]
is likely to have increased risk for PPB . It might be
prudent to postpone polypectomy for high thrombotic
risk patients taking clopidogrel.
These results might reflect the mechanism of
hemostatsis: anticoagulants work on the secondary
hemostatsis process such as manufacturing of
fibrin, while antiplatelet agents work on the primary
hemostatsis such as the cohesion of platelets. As the
secondary hemostasis is stronger than the primary,
anticoagulants including heparin might cause PPB
[21]
more frequently than antiplatelets .
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The present study had several limitations. First, this
study was a retrospective study conducted at a single
institution. The second limitation was the small sample
size. As PPB is a rare complication with incidences
[4-6]
ranging from 0.65% to 8.6% , the small sample
size of our study might have led to the ambiguous
conclusion. Despite these limitations, we believe
that the results of this study may have important
implications for clinical practice. A further study on a
larger scale will be needed.
In conclusion, patients taking anticoagulants have
an increased risk of PPB, even if anticoagulants are
interrupted before polypectomy. Heparin-bridge therapy
might be responsible for the increased PPB in patients
taking anticoagulants. A prospective study to compare
bridging with no bridging at polypectomy is warranted.

2
3
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Abstract
AIM
To evaluate the efficacy of doubling time (DT) of
gastrointestinal submucosal tumors (GIST).
METHODS
From April 1987 through November 2012, a total
of 323 patients were given a final histopathological
diagnosis of GISTs on surgical resection or endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA) in
Kitasato University East Hospital or Kitasato University
Hospital. We studied 53 of these patients (34 with
resected tumors and 19 with unresected tumors) whose
tumors could be measured on EUS on at least two
successive occasions. The histopathological diagnosis
was GIST in 34 patients, leiomyoma in 5, schwannoma
in 3, ectopic pancreas in 1, hamartoma in 1, cyst in 1,
Brunner’s adenoma in 1, and spindle-cell tumor in 7.
We retrospectively calculated the DT of GISTs on the
basis of the time course of EUS findings to estimate the
growth rate of such tumors.
RESULTS
The DT was 17.2 mo for GIST, as compared with 231.2
mo for leiomyoma, 104.7 mo for schwannoma, 274.9
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mo for ectopic pancreas, 61.2 mo for hamartoma, 49.0
mo for cyst, and 134.7 mo for Brunner’s adenoma.
The GISTs were divided into risk classes on the basis
of tumor diameters and mitotic figures (Fletcher’s
classification). The classification was extremely low risk
or low risk in 28 patients, intermediate risk in 3, and
high risk in 3. DT of GIST according to risk was 24.0
mo for extremely low-risk plus low-risk GIST, 17.1 mo
for intermediate-risk GIST, and 3.9 mo for high-risk
GIST. DT of GIST was significantly shorter than that
of leiomyoma plus schwannoma (p < 0.05), and DT
of high-risk GIST was significantly shorter than that of
extremely low-risk plus low-risk GIST (p < 0.05).
CONCLUSION
For GIST, a higher risk grade was associated with a
significantly shorter DT. Small SMTs should initially be
followed up within 6 mo after detection.
Key words: Gastrointestinal submucosal tumor;
Doubling time; Submucosal tumor; initial observational
duration; Endoscopic ultrasonography; Endoscopic
ultrasonography-guided fine needle aspiration; Fletcher’s
classification
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The doubling time (DT) differed according
to the type of submucosal tumors (SMTs), and
gastrointestinal submucosal tumors (GISTs) were
confirmed to have a significantly shorter doubling time
than the other types of tumors. DT was 17.2 mo for
GIST, as compared with 231.2 for leiomyoma, 104.7 for
schwannoma. DT of GIST was significantly shorter than
that of leiomyoma plus schwannoma (p < 0.05), and
DT of high-risk GIST (3.9 mo) was significantly shorter
than that of extremely low-risk plus low-risk GIST (24.0
mo) (p < 0.05). Even small SMTs less than 2 cm in
diameter should initially be followed up within at least 6
mo after detection.
Koizumi S, Kida M, Yamauchi H, Okuwaki K, Iwai T, Miyazawa
S, Takezawa M, Imaizumi H, Koizumi W. Clinical implications
of doubling time of gastrointestinal submucosal tumors. World J
Gastroenterol 2016; 22(45): 10015-10023 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i45/10015.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i45.10015

INTRODUCTION
In Japan, gastrointestinal submucosal tumors (SMTs)
are often detected on radiographic and conventional
endoscopic examinations during health checkups.
SMTs are covered by mucosa, and the majority of
lesions are nonepithelial tumors arising from the
submucosa or muscularis propria. The presence of
SMTs can be detected on radiography and conventional
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endoscopy, but qualitative diagnosis remains difficult
on these imaging techniques. However, progress
in endoscopic ultrasonography (EUS) and other
diagnostic techniques has facilitated the qualitative
[1,2]
evaluation of SMTs . In the differential diagnosis of
gastrointestinal stromal tumors (GISTs), considered
clinically important lesions, endoscopic ultrasoundguided fine-needle aspiration (EUS-FNA) plays a major
role in deciding the treatment policy and is now widely
[3,4]
used clinically . However, there remains room for
improvement in the diagnostic performance of EUSFNA for small lesions. Consequently, small SMTs yet
to be definitively diagnosed are generally followed up
[5]
once or twice per year . To our knowledge, very few
studies have evaluated the doubling time of SMTs,
an index of the rate of tumor growth, according to
diagnosis. We estimated the doubling time of different
types of SMTs and report our findings.

MATERIALS AND METHODS
Patients

From April 1987 through November 2012, a total
of 323 patients were given a final histopathological
diagnosis of gastrointestinal SMT on surgical resection
or EUS-FNA in our hospital. We studied 53 of these
patients (34 with resected tumors and 19 with
unresected tumors) whose tumors could be measured
on EUS on at least two successive occasions. Tumordoubling time was estimated retrospectively. All
examinations were carried out by endoscopists
adequately experienced in EUS. Informed consent was
obtained from each patient prior to the procedure.
Regardless of the result, the good clinical practice was
provided with consent of the patient. The longest and
shortest tumor diameters were measured within the
depicted range. The follow-up period was defined as
the time between initial EUS and final EUS.

Endoscope

Radial scanning echoendoscopes (GF-UM20, GFUM240, GF-UM2000, UM-DP20, and UM-DP12;
Olympus Co., Tokyo, Japan) were used to perform
EUS. EUS-FNA was performed with the use of convex
array echoendoscopes (GF-UCT260, GF-UCT240,
XGF-UCT160, GF-UC2000P; Olympus Co., Ltd.). The
following puncture needles were used: 19-gauge
needles (Wilson-Cook, Winston Salem, NC, United
States), 22-gauge needles (NA-200H, Olympus Co.,
Ltd.), and 25-gauge needles (Echochip, Wilson-Cook).
The aspiration pressure was 10 to 20 cc, and “in-andout motion” was continued for 20 strokes (occasionally,
10 strokes). Puncture was performed 2 to 6 time
(median, 3 times).

Measurement methods

Three-dimensional EUS is more accurate than
2-dimensional EUS for the measurement of tumor
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as extremely low risk, low risk, intermediate risk, and
high risk on the basis of actual tumor diameters and
mitotic figures in patients with resected tumors. In
patients with unresected tumors, risk class was based
on tumor diameter measured on EUS and mitotic
figures.

Table 1 Demographic characteristics of all 53 patients
Characteristic

Value

Sex, No.
Age, median (range), yr
Tumor location, No.

male/female: 26/27
63.0 (31-83)
Esophagus/stomach/duodenum: 4/47/2

Statistical analysis

For statistical analysis, the Mann-Whitney U test was
used to compare doubling times. P values of less than
0.05 were considered to indicate statistical significance.
SPSS statistical software, version 17.0 was used for
statistical analysis.

Table 2 Histopathological diagnosis
Esophagus Stomach Duodenum
Total
(n = 4) (n = 47) (n = 2) (n = 53)
GIMT
GIST
Leiomyoma
Schwannoma
Spindle-cell tumor
Ectopic pancreas
Hamartoma
Intramural
developmental cyst
Brunner’s adenoma

4
0
2
1
1
0
0
0

45
34
3
2
6
1
0
1

0
0
0
0
0
0
1
0

49
34
5
3
7
1
1
1

0

0

1

1

RESULTS

GIST: Gastrointestinal submucosal tumors.

volume. However, commercially available threedimensional echoendoscopes are probe type, making
it difficult to measure large lesions. In the present
study, we therefore measured the longest and
shortest diameters within the range depicted on
two-dimensional EUS. Few SMTs show a completely
spherical growth pattern, and many grow in an oval
fashion. In this study, however, we assumed that the
tumors were spherical and used the mean value of the
longest and shortest diameters as the tumor diameter
to calculate tumor volume. The following equation was
used to calculate doubling time: tumor growth rate (%)
= (V1-V0)/ V0 × 100, in which V0 is the tumor volume
3
3
(mm ) at baseline EUS (πd0 /6), V1 is the tumor
3
volume (mm ) at the second or subsequent sessions
3
of EUS (πd1 /6), d0 is the tumor diameter (mm) at
baseline EUS, and d1 is the tumor diameter (mm) at
the second or subsequent sessions of EUS.
The time courses of tumor growth rates were
plotted on scattergrams with trend lines. The point
at which the tumor growth rate became 100% was
defined as the doubling time.

Definition of diagnosis

On immunostaining of specimens obtained by surgical
resection or FNA, tumors that stained positive for CD34
or KIT were diagnosed as GIST. Leiomyomas were
diagnosed if immunostaining was positive for smoothmuscle antibodies (SMA) and negative for CD34
and KIT. Schwannomas were diagnosed if the tumor
stained positive for S-100 and negative for CD34 and
KIT. Spindle-cell tumors were diagnosed if spindleshaped cells were confirmed on hematoxylin-eosin
staining, but immunostaining was precluded by an
inadequate sample size on FNA. GISTs were classified
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The study group comprised 26 men and 27 women,
with a median age of 63.0 years (range, 31 to 83). The
tumor was located in the esophagus in 4 patients, the
stomach in 47, and the duodenum in 2 (Table 1). The
histopathological diagnosis was GIST in 34 patients,
leiomyoma in 5, schwannoma in 3, ectopic pancreas
in 1, hamartoma in 1, cyst in 1, Brunner’s adenoma in
1, and spindle-cell tumor in 7 (Table 2). The median
follow-up in the study group as a whole was 31.7
mo (range, 6.6 to 210). The median number of EUS
procedures performed during follow-up was 3 (range,
2 to 13). The median tumor diameter (mean of the
longest and shortest diameters) was 19.1 mm (range,
10 to 44.8 mm) on initial EUS and 25.3 mm (range,
13 to 52.1 mm) on EUS before tumor resection or
EUS-FNA for final diagnosis (Table 3).
Tumor resection was performed in 29 of the
34 patients with GIST. Among the 5 patients with
unresectable tumors, surgery was precluded by poor
general condition due to other diseases (neurologic
diseases) in 2 patients, follow-up observation was
requested by 1 patient, and 2 patients dropped out
of the study. Of the 5 patients with leiomyoma, 1
underwent resection, and 4 were followed up. Of the
3 patients with schwannoma, 2 underwent resection,
and 1 was followed up. The patient with ectopic
pancreas and the patient with Brunner’s adenoma
were followed up. Among the 7 patients with spindlecell tumors, 5 were followed up, and 2 dropped out of
the study.
In the patents with resected tumors and those with
unresected tumors, the median follow-up was 24.9
mo and 36.5 mo, the median number of EUS sessions
during follow-up was 3 and 4, the median tumor
diameter at initial EUS was 19.5 and 19.0 mm, and
the median tumor diameter on EUS before surgery
or EUS-FNA was 28.0 and 22.8 mm, respectively. In
patients with resected tumors, the median interval
from final EUS to surgery was 3.8 mo (range, 22 d to
16.3 mo). The median longest tumor diameter of the
resected specimens was 35 mm (range, 20 to 60 mm)
(Table 3). None of the patients who underwent follow-
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Table 3 Details of 53 patients
Resected tumors
(n = 34)
Follow-up period, median (range), mo
EUS sessions, median (range)
Tumor diameter at initial EUS, median (range), mm
Tumor diameter before surgery or FNA, median (range), mm
Time from the final EUS to surgery, median (range)

24.9 (6.6-210)
3 (2-8)
19.5 (10-30)
28.0 (20-43.1)
3.8 mo (22d-16.3 mo)

Unresected tumors
(n = 19)

Total (n = 53)

GIST (n = 34)

36.5 (11.2-183.6)
4 (2-13)
19.0 (11.5-44.8)
22.8 (15.2-52.1)
-

31.7 (6.6-210)
3 (2-13)
19.1 (10-44.8)
25.3 (13.7-52.1)
-

27.3 (6.6-210)
3 (2-11)
19.0 (10.9-44.8)
26.7 (13.7-52.1)
-

GIST: Gastrointestinal submucosal tumors; EUS: Endoscopic ultrasound; FNA: Fine-needle aspiration.

Table 4 Details of 34 patients with gastrointestinal submucosal tumors
Extremely low plus low
risk (n = 28)
Follow-up period, median (range), mo
Initial tumor diameter, median (range), mm
Doubling time, median (range), mo

31.0 (6.6-210)
18.6 (10.9-30.0)
24.0 (2.0-183.6)

Intermediate risk
(n = 3)

High risk (n = 3)

47.3 (11.2-49.9)
28.5 (20.0-44.8)
17.1 (6.1-19.4)

12.4 (7.4-16.7)
25.5 (14.0-27.3)
3.9 (0.8-10.4)

Total (n = 34)
27.3 (6.6-210)
19.0 (10.9-44.8)
17.2 (0.8-183.6)

Risk classification: Based on tumor diameter and mitotic figures.

Table 5 Tumors other than gastrointestinal submucosal tumors

Leiomyoma
Schwannoma
Ectopic pancreas
Hamartoma
Intramural developmental cyst
Brunner’s adenoma

No. of patient

Follow-up period, median (range), mo

Doubling time, median (range), mo

5
3
1
1
1
1

47.1 (10.7-137.2)
50.1 (24.3-71.7)
66.5
99.6
29.5
30.6

231.2 (21.3-1303.8)
104.7 (3.9-305.4)
274.9
61.2
49.0
134.7

up observation or who were observed after surgery
died or had recurrence (excluding dropouts).
In the 34 patients with GIST, the median followup was 27.3 mo (range, 6.6 to 210), and the median
tumor diameter at initial EUS was 19.0 mm (range,
10.9 to 44.8). The GISTs were divided into risk
classes on the basis of tumor diameters and mitotic
figures (Fletcher’s classification). The classification
was extremely low risk or low risk in 28 patients,
intermediate risk in 3, and high risk in 3. The median
follow-up period was 31.0 mo in patients with
extremely low-risk and low-risk GISTs, 47.3 mo in
those with intermediate-risk GISTs, and 12.4 mo
in those with high-risk GISTs. The doubling time
according to risk was 24.0 mo for extremely low-risk
plus low-risk GISTs, 17.1 mo for intermediate-risk
GISTs, and 3.9 mo for high-risk GISTs (Table 4).
The median doubling time for GISTs as a whole was
17.2 mo. In contrast, the doubling time was 231.2 mo
for leiomyoma, 104.7 mo for schwannoma, 274.9 mo
for ectopic pancreas, 61.2 mo for hamartoma, 49.0
mo for intramural developmental cyst, and 134.7 mo
for Brunner’s adenoma (Table 5). The doubling time
of GISTs was significantly shorter than the doubling
times of leiomyoma plus schwannoma (p = 0.005).
When the doubling times of GISTs were compared
according to risk class, the doubling time of high-risk
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GISTs was significantly shorter than that of extremely
low-risk plus low-risk GISTs (p = 0.033). Moreover,
the doubling time of high-risk plus intermediate-risk
GISTs was significantly shorter than that of extremely
low-risk plus low-risk GISTs (p = 0.047). Doubling
times did not differ significantly between high-risk and
intermediate-risk GISTs or between extremely low-risk
plus low-risk GISTs and intermediate-risk GISTs (Table
6). The growth rates of individual GISTs during followup and annual growth rates of GISTs according to risk
class are shown in Figures 1 and 2, respectively.
We show some endoscopic and EUS findings of low
grade GIST (Figure 3a-d), high grade GIST (Figure
4a-c) and ectopic pancreas (Figure 5a-c).

DISCUSSION
Many gastrointestinal SMTs are asymptomatic and
incidentally detected on radiographic examinations
during health checkups or endoscopic or computed
tomographic examinations performed to evaluate other
diseases. Few studies have estimated the incidence of
gastrointestinal SMTs, but most arise in the stomach,
and the detection rate on endoscopy was reported to
[3,6]
be 0.36% . Tumorous lesions presenting with the
characteristics of SMTs include mesenchymal tumors,
lipomas, carcinoids, granular-cell tumors, glomus
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400

GIST vs Leiomyoma +
schwannoma
High risk vs Intermediate risk
Intermediate risk vs
Extremely low + low risk
High risk vs Extremely low +
low risk
High + intermediate risk vs
Extremely low + low risk

Doubling time (mo),
median

P value

17.2 vs 204.2

0.005

3.9 vs 17.1
17.1 vs 24.0

0.127
0.423

3.9 vs 24.0

0.033

8.2 vs 24.0

0.047

Growth rates (%)

Table 6 Comparison according to diagnosis

High risk
Intermediate risk
Low risk

Growth rates (%)

1000
800
600
400
200

24

36

48 60 72 84
Follow period (mo)

96

108 120

Figure 1 Growth rates of individual gastrointestinal submucosal tumors
during follow-up.

tumors, and metastatic deposits. Nontumorous lesions
include cysts, ectopic pancreas, Brunner’s adenomas,
[1]
and hamartomas . Conventional endoscopy only
provides information useful for the local diagnosis of
SMTs, whereas EUS can depict the local structure and
internal characteristics of the gastrointestinal wall,
[7]
thereby facilitating qualitative diagnosis . Although
it is relatively easy to distinguish gastrointestinal
mesenchymal tumors from tumors such as lipoma and
cysts on EUS, it is difficult to differentially diagnose
GISTs from leiomyomas and schwannomas, because
all three of these lesions are depicted as hypoehoic
tumors involving the fourth layer on EUS. The 2001
NIH GIST Consensus Meeting and the 2004 ESMO
Consensus GIST Meeting proposed that GISTs are
potentially malignant and recommended that surgical
[8-10]
resection should be considered for all GISTs
.
[11]
Miettinen et al
proposed a risk classification for
GISTs, based on tumor diameter, mitotic figures, and
location. They reported that tumors 2 cm or less in
diameter have no risk of postoperative metastasis.
However, metastasis has been associated with even
[12]
small GISTs . It is therefore difficult to conclude that
small tumors are benign. A histopathological diagnosis
has an important role in formulating the treatment
policy for SMTs. However, SMTs are covered by mucosa
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Moderate risk (n = 3) 70%
Low risk (n = 28) 55%
12 mo

Figure 2 Annual growth rates of gastrointestinal submucosal tumors.
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GIST: Gastrointestinal submucosal tumors.
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similar to that of the surrounding region, which
often makes diagnosis challenging on conventional
endoscopy with mucosal biopsy. EUS-FNA thus plays
an important clinical role in the diagnosis of SMTs. In
lesions measuring less than 2 cm, however, the rate
[13]
of obtaining adequate specimens is generally low .
There is also the risk of tumor seeding caused by
lesion rupture on puncture with an aspiration needle.
Moreover, it is difficult to obtain adequate tissue
specimens for immunostaining or other examination
techniques if adequate needle strokes cannot be
taken. In general, EUS-FNA is indicated for lesions at
least 2 cm in diameter. On the other hand, for lesions
less than 2 cm in diameter with no findings suggesting
malignancy, such as ulcer formation, irregular margins,
[14]
or rapid growth , follow-up observation once or twice
[5]
per year has been recommended . However, with
the exception of lesions showing distinct evidence of
increasing size or an intragastric growth pattern, EUS
is recommended for the follow-up of GISTs, particularly
lesions showing an extragastric growth pattern pre
cluding an accurate estimation of tumor size. EUS can
be used to assess even small lesions and is simpler
than computed tomography for the evaluation of small
lesions.
Confirmation of differences in growth rate among
specific types of SMTs during follow-up is expected
to facilitate decision-making regarding the treatment
policy. Similar to other types of tumors, a higher
malignant potential of SMTs is generally assumed to be
[15]
associated with a more rapid growth rate . To date,
however, few studies have investigated the growth
rates of different types of SMTs. A previous study
estimated the doubling time of SMTs on computed
[16]
tomography . To our knowledge, however, our study
is the first to report the doubling time of SMTs on
EUS. Because SMTs are generally oval tumors, EUS,
which produces cross-sectional images, can be used
to estimate the doubling time of most SMTs. However,
some SMTs show a lobular growth pattern, making
it difficult to accurately calculate the doubling time.
In our study, we assumed that SMTs show a global
growth pattern when we calculated the doubling
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A

B

C

D

Figure 3 Gastrointestinal submucosal tumors low grade: Doubling time is 17.2 mo. A: EUS finding at baseline, tumor diameter is 22.0 mm; B: EUS finding at
four years later, tumor diameter is 34.0 mm; C: Endoscopic finding at baseline; D: Endoscopic finding at four years later. There is almost no change in endoscopic
findings in four years. EUS: Endoscopic ultrasound.

A

B

C

Figure 4 Gastrointestinal submucosal tumors high grade: Doubling time is 3.0 mo. A: EUS finding at baseline, tumor diameter is 25.5 mm; B: EUS finding
at 6 mo later, tumor diameter is 28 mm; C: EUS finding at 12 mo later, tumor diameter is 38.5 mm. There are remarkable changes in one year. EUS: Endoscopic
ultrasound.

time. The use of non-probe-type conventional threedimensional EUS may allow tumor volumes to be more
accurately estimated, but this issue must be addressed
in future studies.
Our study confirmed that the growth rates of SMTs
during follow-up differ according to the specific type of
tumor. In particular, GIST had a shorter doubling time
(17.2 mo) and a higher malignant potential than did
the other types of SMTs. The difference in the doubling
time between GISTs and mesenchymal tumors
other than GIST (leiomyoma and schwannoma) may
facilitate the differential diagnosis of GISTs from
leiomyomas and schwannomas, all of which arise in the
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fourth layer of the gastrointestinal wall. Among GISTs,
a higher risk class tended to have shorter doubling
times. Because our study group was small, further
studies of larger numbers of patients are needed. In
our study, the doubling times of intermediate-risk and
high-risk GISTs were less than 6 mo. Initial follow-up
examinations should be therefore performed within
at least the first 6 mo after diagnosis, even for small
SMTs less than 2 cm in diameter.
GISTs, leiomyomas, schwannomas, and other
SMTs arising in the fourth layer that have a prolonged
doubling time are considered to have low malignant
potential. Small SMTs can therefore undergo follow-
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A

B

C

Figure 5 Ectopic pancreas. A: EUS finding at baseline, tumor diameter is 15.5 mm; B: EUS finding at five years later; C: Endoscopic finding. Ectopic pancreas has
no change in five years. EUS: Endoscopic ultrasound.

up observation. Some extremely low-risk and low-risk
GISTs have a longer doubling time than that of benign
tumors, and we have encountered benign tumors
with a shorter doubling time than that of GISTs. It
is therefore important to obtain a histopathological
diagnosis during follow-up, even for slowly growing
tumors. Although considerable progress has been
made in techniques and devices for EUS-FNA, the
[4,17]
diagnostic accuracy is not 100%
. Patients in whom
a histopathological diagnosis cannot be made should
therefore be closely followed up. In our study, the
median tumor diameter in patients who underwent
EUS-FNA was 22.8 mm, which was adequate for EUSFNA. For SMTs 20 mm or more in diameter that cannot
be diagnosed, EUS-FNA should be repeated, and close
follow-up is recommended.
In our study, the risk class of GIST was diagnosed
on the basis of mitotic figures in specimens obtained
by EUS-FNA in patients who did not undergo surgery.
Histopathologically, GISTs are heterogeneous masses,
making it difficult to classify GISTs solely on the basis
[18]
of specimens obtained by EUS-FNA . In our hospital,
we aggressively perform EUS-FNA for lesions more
than 2 cm in diameter as well as for lesions with
heterogeneous contents suggestive of malignancy,
even if the lesion diameter is less than 2 cm. If GIST
is diagnosed, resection should be promptly performed,
even if the tumor is small and shows few mitotic
figures. For lesions that cannot be diagnosed and small
[19-21]
lesions, the other techniques
can be considered to
obtain sufficient specimen.
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Many SMTs are detected incidentally on upper
gastrointestinal endoscopy, and many patients with
small SMTs 1 to 2 cm in diameter are most likely
followed up. The management of small lesions
measuring less than 2 cm is often perplexing. Our
study showed that the doubling time differed according
to the type of SMT, and GISTs were confirmed to have
a significantly shorter doubling time than the other
types of tumors. In addition, a higher risk class of
GIST was found to be associated with a significantly
shorter doubling time. Our findings suggest that even
small SMTs less than 2 cm in diameter should initially
be followed up within at least 6 mo after detection.
In a limited number of patients, surgery or EUSFNA is indicated. High-risk GISTs that are large and
symptomatic are usually surgically resected at the
time of detection. Three of high-risk GISTs those
were followed up are included in this study. This is
valuable information because we’re not able to follow
up the high-risk GISTs after getting histopathological
diagnosis recently. Our results demonstrated that SMTs
showing evidence of rapid growth on follow-up EUS
are likely to be high risk. The median doubling time
for GISTs as a whole was 17.2 mo, but further studies
of larger groups of patients are needed to confirm our
findings.
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incidentally detected. Among SMTs, gastrointestinal stromal tumors (GISTs) are
potentially malignant and should be resected surgically. Endoscopic ultrasoundguided fine-needle aspiration (EUS-FNA) plays an important clinical role in the
diagnosis of SMTs. However, the management of small lesions is often difficult.
Confirmation of differences in growth rate among specific types of SMTs is
expected to facilitate decision-making regarding the treatment policy.
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Research frontiers

EUS-FNA plays a major role in deciding the treatment policy. However, there
remains room for improvement in the diagnostic performance of EUS-FNA for
small lesions. Consequently, small SMTs yet to be definitively diagnosed are
generally followed up once or twice per year.
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Innovations and breakthroughs

To our knowledge, very few studies have evaluated the doubling time of SMTs,
an index of the rate of tumor growth, according to diagnosis. The authors
estimated the doubling time of different types of SMTs.
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Applications

The doubling time of GIST was confirmed to be significantly shorter than that
of other types of tumors. For GIST, a higher risk grade was associated with
a significantly shorter doubling time. These findings suggest that small SMTs
should initially be followed up within at least 6 mo after detection.

Terminology

EUS: An endoscopic procedure to obtain images of the chest and abdominal
organs through the wall of the gastrointestinal tract. EUS-FNA: A technique
to obtain specimens of chest and abdominal lesions by puncturing the
gastrointestinal tract under real-time EUS guidance.
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This is a very meaningful research regarding the growth rate of the SMTs,
which may be a very important character for the evaluation. Authors of this
paper describe their strategy regarding observational duration for tumor in small
size around 2 cm by analyzing the doubling times of each SMT. Initial follow-up
examinations remain unclear in major guidelines. Therefore, this result provides
an important information in the management of small SMT.
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Abstract
AIM
To identify predictors for synchronous liver metastasis
from resectable pancreatic ductal adenocarcinoma
(PDAC) and assess unresectability of synchronous liver
metastasis.
METHODS
Retrospective records of PDAC patients with synchronous
liver metastasis who underwent simultaneous resections
of primary PDAC and synchronous liver metastasis, or
palliative surgical bypass, were collected from 2007
to 2015. A series of pre-operative clinical parameters,
including tumor markers and inflammation-based
indices, were analyzed by logistic regression to figure
out predictive factors and assess unresectability of
synchronous liver metastasis. Cox regression was used
to identify prognostic factors in liver-metastasized
PDAC patients after surgery, with intention to validate
their conformance to the indications of simultaneous
resections and palliative surgical bypass. Survival
of patients from different groups were analyzed by
the Kaplan-Meier method. Intra- and post-operative
courses were compared, including complications. PDAC
patients with no distant metastases who underwent
curative resection served as the control group.
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RESULTS
CA125 > 38 U/mL (OR = 12.397, 95%CI: 5.468-28.105,
P < 0.001) and diabetes mellitus (OR = 3.343, 95%CI:
1.539-7.262, P = 0.002) independently predicted
synchronous liver metastasis from resectable PDAC.
CA125 > 62 U/mL (OR = 5.181, 95%CI: 1.612-16.665,
P = 0.006) and age > 62 years (OR = 3.921,
95%CI: 1.217-12.632, P = 0.022) correlated with
unresectability of synchronous liver metastasis, both
of which also indicated a worse long-term outcome
of liver-metastasized PDAC patients after surgery.
After the simultaneous resections, patients with postoperatively elevated serum CA125 levels had shorter
survival than those with post-operatively reduced
serum CA125 levels (7.7 mo vs 16.3 mo, P = 0.013).
The survival of liver-metastasized PDAC patients who
underwent the simultaneous resections was similar to
that of non-metastasized PDAC patients who underwent
curative pancreatectomy alone (7.0 mo vs 16.9 mo,
P < 0.001), with no higher rates of either pancreatic
fistula (P = 0.072) or other complications (P = 0.230)
and no greater impacts on length of hospital stay (P =
0.602) or post-operative diabetic control (P = 0.479).
CONCLUSION
The criterion set up by CA125 levels could facilitate
careful diagnosis of synchronous liver metastases from
PDAC, and prudent selection of appropriate patients for
the simultaneous resections.
Key words: CA125; Pancreatic ductal adenocarcinoma;
Liver metastasis; Unresectability; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The presence of liver metastasis from
pancreatic ductal adenocarcinoma (PDAC) usually
deprives patients of opportunities for resection of
PDAC. We utilized a series of clinical parameters for
pre-operative evaluation of PDAC with synchronous
liver metastasis, including diagnosis and assessment of
unresectability. The criterion set up by serum CA125
levels could facilitate the careful judgement of the
occurrence of synchronous liver metastases from PDAC,
and the prudent selection of appropriate patients
for simultaneous resections for primary PDAC and
synchronous liver metastasis, for the sake of prolonged
survival and substantial reduction in morbidity and
mortality.
Shi HJ, Jin C, Fu DL. Preoperative evaluation of pancreatic ductal
adenocarcinoma with synchronous liver metastasis: Diagnosis
and assessment of unresectability. World J Gastroenterol 2016;
22(45): 10024-10037 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/10024.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.10024
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is a highly
aggressive and progressive malignancy with increasing
[1,2]
incidence and death rates
. Despite the steady
improvement in survival for most cancers, progress has
been limited for PDAC, for which the 5-year relative
[2]
survival rate for all stages combined is 8% . The rate
of resection for primary PDAC is only 10%-20%, and
approximately 50% of new PDAC cases are discovered
[3]
to have distant metastases . Some distant micrometastases are undetectable at diagnosis through
a thorough pre-operative imaging tests including
positron emission tomography/computed tomography
(PET/CT), and may only be confirmed by exploration
during planned curative resection. Even those patients
undergoing curative pancreatectomy are still at a
[4-6]
25%-50% risk of developing distant metastases .
The dismal prognosis of PDAC with distant metastasis
has been acknowledged by its 5-year relative survival
[7]
rate of 1% .
PDAC shows a remarkable preference for the liver
to metastasize due to its portal venous blood draining
[8]
and lymphatic spread. Weh et al summarized that
the incidence of liver metastasis from PDAC ranged
from 25% to 75%. About 12% of unsuspected liver
metastases are not discovered until surgery, and
liver metastasis reduces the survival of patients with
[9,10]
PDAC to 5 mo
. Currently, chemotherapy remains
the mainstay of treatment for liver metastasis from
PDAC, with two combination chemotherapy regimensFOLFIRINOX (bolus plus infusional fluorouracil, leucovo
rin, irinotecan, and oxaliplatin regimen) and gemcitabine
plus nanoparticle albumin-bound paclitaxel-emerging as
[11-13]
new standards
.
The doctrine that the presence of liver metastasis
from resectable PDAC contradicts a curative resection
and indicates a palliative surgical bypass, deprives
patients of an incremental benefit from simultaneous
curative resections for primary and metastatic PDAC,
even at a R1 status. An unconventional surgical option
to curatively resect primary PDAC and synchronous
liver metastasis may be merely justified by prolonged
survival, a longer recurrence-free interval and,
at least, no more surgical-related morbidity and
mortality. Pancreaticoduodenectomy (PD) combined
with additional organ resection has been indicated
for locally advanced PDAC with the same safety as
[14]
PD alone . Even if palliative PD can be performed
instead, patients can benefit from significantly
[15,16]
longer survival and low morbidity rate
. Thus, si
multaneous curative resections for primary PDAC and
synchronous liver metastasis can also be advocated
on highly individual basis. However, the threshold
comprised of conventional clinical indexes has not
been first established to pre-operatively distinguish
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the occurrence of liver metastasis among patients with
resectable PDAC. And, the criterion also needs to be
set for selection for patients whom the simultaneous
resections favor in a proper sense.
As the predictive accuracy of serum CA125 levels
has been reported in a two-center clinical study
[17,18]
where we were involved
, here we highlighted
the relationships between serum CA125 levels and
both synchronous liver metastasis from PDAC and
unresectability of liver-metastasized PDAC, and focused
on the long-term outcome of liver-metastasized PDAC
patients after individualized surgeries indicated by
serum CA125 levels.

MATERIALS AND METHODS
Patients

Sixty-nine patients with resectable primary PDAC
and synchronous liver metastasis who underwent
surgery at the Huashan Hospital between March
2007 and December 2015 were identified in a
prospective database. Of these, 30 patients underwent
simultaneous curative resections for primary PDAC
and synchronous liver metastases, and 39 pati
ents underwent palliative surgical bypass prior to
gemcitabine-based chemotherapy due to unresectable
liver metastases. All data collected was consen
ted by these patients and approved by the Ethical
Committee and Institutional Review Board. Only
patients with histologically confirmed PDAC and liver
metastasis who underwent surgery were included in
the current study. Patients with unresectable primary
PDAC, neuroendocrine tumor, cystadenocarcinoma,
ampullary cancer, distal bile duct, and duodenal
carcinoma as well as extrahepatic metastatic disease
such as serosal implants or peritoneal metastases
were not considered in the study. To investigate the
predictors for synchronous liver metastasis, 138
patients with no evidence of distant metastases who
underwent curative resection for primary PDAC alone
were selected at the same period mentioned above
for matching with the control group in a 1:2 fashion.
These patients were matched as closely as possible
to the baseline characteristics of the liver metastasis
cohort.

Pre-operative evaluation

Routine pre-operative diagnostics consisted of a
baseline history, physical examination and clinical
laboratory tests and imaging tests. The tumor
markers CA19-9, CA125 and CEA were used as
serum diagnostic tools. Ultrasonography, computed
tomography scanning and PET were performed
in all instances. Pre-operative biliary drainage, en
doscopic retrograde biliary drainage or percutaneous
transhepatic cholangial drainage was indicated for
jaundice.

WJG|www.wjgnet.com

Surgical procedures

Depending on the location of primary PDAC, curative
resection was performed as pancreatoduodenectomy, or
total pancreatectomy, or distal splenopancreatectomy,
accompanied by lymphadenectomy. Selected patients
underwent portal/superior mesenteric vein resection
and artificial blood vessel replacement. The number and
distribution of metastatic diseases, which were assessed
by intra-operative ultrasonographic measurement once
more to detect liver micro-metastases under suspicious
conditions, determined the extent of liver resection.
During the laparotomy, the abdomen was completely
staged. Given that no acknowledged guidelines of
surgery for liver metastasis from PDAC offered the use
of reference to surgeons, the decision for resection was
made by the intention to reach a R0 status in both the
pancreas and the liver and a good performance status
(American Society of Anesthesiologists ASA classification
≤ Ⅲ). The palliative Roux-en Y bypass was constituted
by retrocolic end-to-side hepaticojejunal anastomosis
and antecolic gastroenterostomy.

Data collection

The following data were assessed prospectively for
each patient: demographics, pre-operative symptoms
and previous history, histology of primary PDAC
and synchronous liver metastasis, pre-operative
treatments, blood parameters, operative details, postoperative course. Among them, plasma fibrinogen
and platelets have been shown to play a possible role
of both predictive and prognostic factors of distant
[19,20]
metastasis
. Blood neutrophil-lymphocyte ratio
(NLR), lymphocyte-monocyte ratio (LMR), plateletlymphocyte ratio (PLR) and prognostic nutritional index
(PNI, albumin [g/L] + 5×total lymphocyte count [×
9
10 /L]) have acted as inflammation-based indices to
predict the clinical outcome of primary or metastasized
[21-25]
cancers after surgery or chemotherapy
as well as
[26-27]
the association with metastasized cancer burden
.
Body-mass-index (BMI), NLR, LMR, PLR and PNI were
obtained by calculation during the initial evaluation.
All pathologic specimens were reviewed through intraoperative frozen section analysis or routine paraffin
section analysis by two independent pathologists to
unanimously confirm the diagnosis of primary PDAC
and synchronous liver metastasis. Post-operative
course included post-operative morbidity such as
pancreatic fistula, and mortality defined as any death
during hospitalization and within 30 d of surgery.
Follow-up information was obtained through review
of the medical records and direct contact with the
patients. When the date of death was inaccessible,
patients were censored at the last contact or record
from hospitalization or oncological outpatient clinics.

Statistical analysis

Summary statistics were reported using mean or
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Table 1 Clinicopathologic characteristics of 207 pancreatic ductal adenocarcinoma patients undergoing surgery
Parameter

No. of patients

Mean age ± SD, yr
Sex (Female)
ASA
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Primary tumor location
Head/neck
Body/tail
Median primary tumor size [IQR], cm
Pathology (PDAC)
TNM stage
Ⅰ
ⅡA
ⅡB
Ⅲ
Ⅳ
Primary tumor differentiation
Well/moderate
Poor
Ki67 [IQR], %
Venous invasion
Lymph node invasion
Hepatic metastasis
Surgery for primary tumor
Total pancreatectomy
Pancreaticoduodenectomy
Distal pancreatectomy
Palliative bypass

Simultaneous resections
(Group A)
n = 30

Palliative surgical bypass
(Group B)
n = 39

Total (Group A +
Group B)
n = 69

Pancreatectomy alone
(Group C)
n = 138

62.2 ± 10.0
10

63.0 ± 10.4
12

62.6 ± 10.1
22

58.8 ± 10.6
45

11
19
0
0

10
27
2
0

21
46
2
0

37
97
4
0

15
15
4.0 (2.5-5.0)
30

38
1
39

53
16
69

106
32
3.0 (2.0-3.5)
138

0
0
0
0
30

0
0
0
0
39

0
0
0
0
69

22
22
94
0
0

13
17
20 (8-30)
3
14
30

19
39

22
69

71
67
30 (15-50)
37
82
0

1
11
18
0

0
0
0
39

1
11
18
39

5
95
38
0

median values where appropriate. Student’s t-test or
analysis of variance was used for mean comparison
of continuous variables distributed normally, whereas
Mann-Whitney U test or Kruskal-Wallis H test was used
to compare skewed continuous variables. Fisher’s exact
test or Pearson’s χ test was used to compare frequencies
of categorical variables among groups. The cutoff value
of fibrinogen, NLR, LMR, PLR, PNI and platelet was
[19,20,23,28]
determined by widely accepted thresholds
,
allowing comparison with the available literature. Serum
CA19-9 level of 400 U/mL used for indicating distant
[29,30]
metastasis of PDAC
was adopted as a cutoff for
logistic regression analysis and Cox regression analysis.
According to receiver operating characteristic (ROC)
curve, an optimal cutoff serum CA125 level of 38 U/mL
was identified for analysis of predictors for synchronous
liver metastasis, and 62 U/mL for assessment of
unresectability for synchronous liver metastasis and
overall survival for PDAC patients with synchronous
liver metastasis. Predictors for synchronous liver
metastasis from PDAC and unresectability for
synchronous liver metastasis were estimated by
logistic regression analyses. Prognostic factors for
overall survival were estimated by Cox proportional
hazards models. The Kaplan-Meier method was
used to analyze the overall survival from the date
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of surgery. Differences in survival were examined
using the log-rank test. A two-sided P value of < 0.05
was considered to indicate a statistically significant
difference. Statistical analyses were performed by
utilizing SPSS statistics 20 (IBM corporation, Armonk,
NY, United States).

RESULTS
Patient characteristics

Table 1 shows the clinicopathologic characteristics
of 69 PDAC patients (group A and B) with liver
metastasis, who were the focus of the study, and 138
PDAC patients (group C) with no distant metastases,
who were enrolled as a matched group. In the case
group, the majority of 69 patients were male (n =
47, 68.1%) with an overall mean age of 62.6 years.
According to ASA grading system, 21 (30.4%) patients
were evaluated as grade Ⅰ, 46 (66.7%) as grade Ⅱ,
and 2 (2.9%) as grade Ⅲ. The primary PDAC site was
largely head or neck (n = 53, 76.8%). Primary PDAC
displayed venous invasion in 22 (31.9%) patients and
lymph node invasion in 14 (46.7%) patients.
Among these 69 patients, 30 patients (group
A) underwent simultaneous curative resections for
primary PDAC as well as synchronous liver metastasis,
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Unexpected liver metastases
Simultaneous resections

Table 2 Predictors of synchronous liver metastasis from
resectable pancreatic ductal adenocarcinoma

80
Percentage

Parameter
60
Age, yr
≤ 62
> 62
Sex
Male
Female
BMI
< 18 kg/m2
18-25 kg/m2
> 25 kg/m2
Smoke
No
Yes
ASA
Ⅰ
Ⅱ-Ⅲ
CA19-9
≤ 400 U/mL
> 400 U/mL
CA125
≤ 38 U/mL
> 38 U/mL
CEA
≤ 5 U/mL
> 5 U/mL
Fibrinogen
≤ 4.0 g/L
> 4.0 g/L
NLR
≤5
>5
PLR
≤ 150
> 150
PNI
> 45
≤ 45
Platelet
9
≤ 250 × 10 /L
9
> 250 × 10 /L
Jaundice
No
Yes
Albumin
> 35 g/L
≤ 35 g/L
Diabetes mellitus
No
Yes
Pancreatitis
No
Yes

40
20
0

2007-2009

2010-2012
year

2013-2015

Figure 1 Trends in the occurrence of unexpected liver metastases
identified during surgeries and implementation of the simultaneous
resections among all cases across the study period.

and 39 patients (group B) underwent palliative surgical
bypass. The curative resections for primary PDAC
included PD (n = 11, 36.7%), distal pancreatectomy
(n = 18, 60.0%) and total pancreatectomy (n = 1,
3.3%), with portal/superior mesenteric vein resection
and artificial blood vessel replacement (n = 3, 2.2%).
The mean age at the time of surgery was 62.2 years
in group A, and 63.0 years in group B. Half of group
A and 38 of group B suffered from adenocarcinoma
of the head/neck of the pancreas. Fifteen of group A
and 20 of group B were found to have unexpected
liver metastases by direct-view or intra-operative
ultrasonographic measurement during surgeries. The
proportion of the successful simultaneous resections
was triennially rising across the study period (Figure 1).
Most patients of the matched cohort (group C)
were male (n = 93, 68.1%) with an overall mean age
of 58.8 years. Thirty-seven (26.8%) patients were
evaluated as ASA grade Ⅰ, 97 (70.3%) as grade Ⅱ,
and 4 (2.9%) as grade Ⅲ. As adenocarcinoma of the
head/neck of the pancreas (n = 106) accounted for
76.8% of all resectable pancreatic adenocarcinoma,
the majority of surgical options were PD (n = 95,
68.9%), and the rest were distal pancreatectomy
(n = 38, 27.5%) and total pancreatectomy (n = 5,
3.6%). Thirty-seven (26.8%) patients underwent
portal/superior mesenteric vein resection and artificial
blood vessel replacement (n = 3, 2.2%) due to venous
invasion. After lymphadenectomy, 82 of group C were
found to have lymph node invasion.

Predictors for synchronous liver metastasis from PDAC

To determine which pre-operative factors are inde
pendent predictors for synchronous liver metastasis
from PDAC, a univariate analysis was performed for
preliminary screening of clinical parameters followed by
a stepwise logistic regression analysis of the occurrence
of synchronous liver metastasis from PDAC. In uni
variate analysis, there was a trend toward a higher
incidence of no synchronous liver metastases in patients
with CA19-9 > 400 U/mL (P < 0.001), CA125 > 38
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Total (Group A Pancreatectomy
+ Group B)
alone (Group C)
n = 69
n = 138

P value
(univariate)

32
37

80
58

0.116

47
22

93
45

0.916

6
54
9

11
101
26

50
19

97
41

0.745

21
48

37
101

0.584

40
29

116
22

< 0.001

20
49

121
26

< 0.001

42
27

112
26

0.002

50
19

101
37

0.912

59
10

131
7

0.026

36
33

78
60

0.553

42
27

101
37

0.072

53
16

108
30

0.813

34
35

78
60

0.431

42
27

82
56

0.841

39
30

101
37

0.017

42
27

93
45

0.354

0.196
0.965

U/mL (P < 0.001), CEA > 5 U/mL (P = 0.002), NLR >
5 (P = 0.026), and diabetes mellitus (P = 0.017) (Table
2). In multivariate analysis, both CA125 > 38 U/mL
(OR = 12.397, 95%CI: 5.468-28.105, P < 0.001) and
diabetes mellitus (OR = 3.343, 95%CI: 1.539-7.262;
P = 0.002) were determined to independently predict
synchronous liver metastasis from PDAC (Table 3). The
area under the ROC curve (AUC) of serum CA125 level
was 0.821 (95%CI: 0.752-0.891), with sensitivity of
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Platelet
9
≤ 250 × 10 /L
> 250 × 109/L
Albumin
> 35 g/L
≤ 35 g/L
Diabetes mellitus
No
Yes
Pancreatitis
No
Yes

Table 3 Multivariate analysis of predictors of synchronous
liver metastasis
Parameter

Odds ratio

CA19-9
≤ 400 U/mL
> 400 U/mL
CA125
≤ 38 U/mL
> 38 U/mL
CEA
≤ 5 U/mL
> 5 U/mL
NLR
≤5
>5
Diabetes mellitus
No
Yes

95%CI

P value

Age, yr
≤ 62
> 62
Sex
Male
Female
BMI
< 18 kg/m2
18-25 kg/m2
> 25 kg/m2
Smoke
No
Yes
ASA
I
II-III
CA19-9
≤ 400 U/mL
> 400 U/mL
CA125
≤ 38 U/mL
> 38 U/mL
CA125
≤ 62 U/mL
> 62 U/mL
CEA
≤ 5 U/mL
> 5 U/mL
Fibrinogen
≤ 4.0 g/L
> 4.0 g/L
NLR
≤5
>5
PLR
≤ 150
> 150
PNI
> 45
≤ 45

27
12

0.097

23
7

19
20

0.021

17
13

22
17

0.983

22
8

20
19

0.066

2.398

0.909-6.327

0.077

12.397

5.468-28.105

< 0.001

0.672

0.249-1.817

0.434

0.934

0.283-3.083

0.911

Table 5 Multivariate analysis of risk factors for unresectability
of synchronous liver metastasis from pancreatic ductal
adenocarcinoma

3.343

1.539-7.262

0.002

Parameter
Age, yr
≤ 62
> 62
CA19-9, U/mL
≤ 400 L
> 400
CA125, U/mL
≤ 62
> 62
Albumin
> 35 g/L
≤ 35 g/L

Table 4 Risk factors for unresectability of synchronous liver
metastasis from pancreatic ductal adenocarcinoma
Parameter

26
4

P value

Simultaneous
resections
(Group A)
n = 30

Palliative surgical
bypass (Group
B)
n = 39

20
10

12
27

0.004

20
10

27
12

0.821

2
23
5

4
31
4

23
7

27
12

0.494

11
19

10
29

0.326

22
8

18
21

0.026

11
19

9
30

0.221

21
9

11
28

0.001

22
8

20
19

0.066

21
9

29
10

0.688

26
4

33
6

0.811

17
13

19
20

0.513

22
8

20
19

0.066

WJG|www.wjgnet.com

(univariate)

0.664
0.472

Odds ratio

95%CI

P value

3.921

1.217-12.632

0.022

1.760

0.517-5992

0.366

5.181

1.612-16.665

0.006

1.796

0.516-6.253

0.357

71.01% and specificity of 87.61% at the threshold of
38 U/mL.

Risk factors for unresectability of synchronous liver
metastasis

Table 4 compares the clinical parameters between the
curative group (group A) and the palliative group (group
B), all of whom had primary PDAC and synchronous
liver metastasis. In univariate analysis, the probability
of unresectability was significantly increased when
patients presented with age > 62 (P = 0.004),
CA19-9 > 400 U/mL (P = 0.026), CA125 > 62 U/mL
(P = 0.001) and albumin ≤ 35 g/L (P = 0.021). In
multivariate analysis, one clinical index and one tumor
marker, age > 62 (OR = 3.921, 95%CI: 1.217-12.632,
P = 0.022) and CA125 > 62 U/mL (OR = 5.181,
95%CI: 1.612-16.665, P = 0.006), were found to
correlate with increased unresectability when a 62-U/
mL threshold of CA125 was used (Table 5). The AUC of
serum CA125 level was 0.701 (95%CI: 0.576-0.826),
with sensitivity of 71.79% and specificity of 70.00% at
the threshold of 62 U/mL.

Prognostic factors for PDAC patients with synchronous
liver metastasis

Following their respective surgeries, PDAC patients
with synchronous liver metastasis had a decreased
median survival compared to those with PDAC and
no distant metastasis (7.0 mo vs 16.9 mo, P <
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Figure 2 Kaplan-Meier survival curves of PDAC patients with syn
chronous liver metastasis who underwent simultaneous resections for
primary PDAC and synchronous liver metastasis (group A) and palliative
surgical bypass (group B) and PDAC patients with no distant metastases
who underwent curative resection for primary PDAC alone (group C).

0.001) (Figure 2). However, the median survival
of patients who underwent simultaneous curative
resections for primary PDAC and liver metastasis
was not significantly different from that of those who
underwent curative resection for primary PDAC alone
(15.7 mo vs 16.9 mo, P = 0.085). Unfortunately,
patients who underwent palliative bypass merely
had a 4.4-mo survival because of unresectable liver
metastases.
Prognostic factors for overall survival of PDAC
patients with synchronous liver metastasis were
illustrated using Cox regression analysis (Table 6).
Univariate analysis revealed that patients with age
> 62 (P = 0.006), CA19-9 > 400 U/mL (P = 0.042)
and CA125 > 62 U/mL (P = 0.003) tended to have a
diminished survival. Multivariate analysis demonstrated
that age > 62 (HR = 2.191, 95%CI: 1.182-4.060,
P = 0.013) and CA125 > 62 U/mL (HR = 2.601,
95%CI: 1.403-4.832, P = 0.002) were still retained
as significant and independent prognostic factors for
long-term survival. Moreover, after the simultaneous
resections, patients with post-operatively elevated
serum CA125 levels had shorter survival than those
with post-operatively reduced serum CA125 levels (7.7
mo vs 16.3 mo, P = 0.013) (Figure 3).

Comparison of intra- and post-operative courses

During the intra-operative period, mean operative time,
median blood loss and frequency of intra-operative
RBC transfusion were similar between patients in group
A and group C (P = 0.494, P = 0.780, P = 0.691) (Table
7). During the post-operative course, pancreatic fistula
was the most frequent complication in both group A (n
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0

Figure 3 Kaplan-Meier survival curves according to post-operative
CA125 levels of PDAC patients with synchronous liver metastasis who
underwent simultaneous resections for primary PDAC and synchronous
liver metastasis (group A).

= 9, 40.9%) and group C (n = 22, 33.3%). Only one
patient in group A had two complications, pancreatic
fistula and cerebral infarction. Three patients in
group C had two complications, pancreatic fistula and
delayed gastric emptying, delayed gastric emptying
and gastrointestinal hemorrhage, pancreatic fistula
and pneumonia respectively. The rates of pancreatic
fistula and other complications in group A were not
significantly greater than in group C (P = 0.072, P =
0.230). As for alteration of post-operative glycemic
status by surgery, 53.8% (n = 7) of patients in group
A with diabetes mellitus were cured of diabetes postoperatively, whereas 46.2% (n = 6) had either no
change in diabetic status or experienced worsening of
glucose control. Among patients without pre-operative
diabetes mellitus in group A, 35.3% (n = 6) remained
nondiabetic post-operatively and 64.7% (n = 11)
developed new-onset. These two surgical options
of group A and C did not have significantly different
impacts on post-operative diabetic control (P = 0.602).
Two in group A and 4 in group C were readmitted
because of biliary reflux or delayed gastric emptying.
There was no in-hospital mortality in either group.
The median length of hospital stay in group A was not
longer than in group C due to additional resection for
synchronous liver metastases (P = 0.479).

DISCUSSION
Although incidental liver metastases from PDAC iden
tified during surgeries are not an unusual finding to
surgeons, intra-operative surprises probably make
patients lose opportunities to receive a more rational
treatment modality which surgeons have weighed the
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Table 6 Cox regression analysis of prognostic factors in pancreatic ductal adenocarcinoma patients with synchronous liver metastasis
undergoing surgery
n

Parameter
Age, yr
≤ 62
> 62
Sex
Male
Female
BMI, kg/m2
< 18
18-25
> 25
Smoke
No
Yes
ASA
Ⅰ
Ⅱ-Ⅲ
Primary tumor location
Head/neck
Body/tail
CA19-9, U/mL
≤ 400
> 400
CA125, U/mL
≤ 62
> 62
CEA, U/mL
≤5
>5
Fibrinogen, g/L
≤ 4.0
> 4.0
NLR
≤5
>5
PLR
≤ 150
> 150
PNI
> 45
≤ 45
Platelet
9
≤ 250 × 10 /L
9
> 250 × 10 /L
Jaundice
No
Yes
Biliary drainage
No
Yes
Bilirubin, μmol/L
≤ 50
> 50
Albumin, g/L
> 35
≤ 35
Diabetes mellitus
No
Yes
Pancreatitis
No
Yes

Median OS (95%CI) (mo)

Univariate analysis

Multivariate analysis

P value

Hazard ratio

95%CI

P value

2.191

1.182-4.060

0.013

32
37

9.988 (5.215-14.760)
4.534 (3.294-5.774)

0.006

47
22

5.388 (2.454-8.322)
7.129 (5.820-8.439)

0.428

6
54
9

4.008 (0.000-8.701)
6.998 (5.147-8.849)
7.721 (1.548-13.894)

50
19

7.031 (4.606-9.455)
5.979 (0.607-11.352)

0.317

21
48

9.988 (3.524-16.452)
6.998 (3.803-10.193)

0.273

53
16

6.998 (4.910-9.086)
7.129 (3.438-10.820)

0.762

40
29

7.984 (6.454-9.513)
4.008 (2.832-5.185)

0.042

1.398

0.773-2.527

0.267

32
37

9.035 (7.052-11.017)
4.008 (2.801-5.215)

0.003

2.601

1.403-4.823

0.002

42
27

7.721 (6.340-9.102)
5.191 (1.847-8.535)

0.320

50
19

7.129 (5.373-8.886)
5.191 (2.575-7.807)

0.533

59
10

7.031 (5.123-8.939)
4.008 (0.000-9.812)

0.495

36
33

7.031 (4.545-9.517)
5.979 (3.287-8.672)

0.851

42
27

7.129 (6.237-8.022)
5.848 (3.396-8.300)

0.890

53
16

6.998 (5.018-8.978)
7.097 (0.957-13.236)

0.993

34
35

7.721 (4.540-10.901)
6.998 (3.593-10.403)

0.446

45
24

7.129 (5.245-9.014)
5.027 (1.872-8.181)

0.878

58
11

6.998 (4.918-9.078)
7.031 (1.408-12.651)

0.448

42
27

7.097 (4.893-9.300)
5.027 (2.171-7.882)

0.799

39
30

6.998 (4.177-9.819)
6.998 (4.424-9.572)

0.300

42
27

5.979 (4.876-9.186)
6.998 (2.516-11.480)

0.789
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0.939
0.548
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[31,32]

Table 7 Comparison of perioperative parameters in different
cohorts of patients undergoing surgery
Parameter

No. of patients

P value

Simultaneous Pancreatectomy
resections alone (Group C)
n = 138
(Group A)
n = 30
Mean operative time, min
Median blood loss, mL
Intra-operative RBC transfusion
Complication
Pancreatic fistula
Any other
Biliary fistula
Chylous fistula
Delayed gastric emptying
Intra-abdominal infection
Gastrointestinal hemorrhage
Cerebral infarction
Pneumonia
Post-operative diabetes mellitus
Dissolved
New-onset
Persistent
Re-admission
In-hospital mortality
Hospital stay, d

344.3
400
12

380.5
400
61

0.494
0.780
0.691

9
13
0
1
4
6
0
1
1

22
44
0
3
10
28
1
0
2

0.072
0.230

7
6
6
2
0
18

15
12
22
4
0
19

0.602

0.479

pros and cons of. Accurate detection of liver metastases
from PDAC and proper selection of patients who are
likely to benefit from simultaneous curative resections
for primary PDAC and synchronous liver metastasis
are a great challenge for individualized therapy
for PDAC. As pancreatectomy is performed with
relatively high morbidity and mortality, assessment of
unresectability of synchronous liver metastases under
the circumstance of resectable primary PDAC, needs
an objective standard using a series of pre-operative
clinical parameters. In the present study, we identified
a pre-operative serum signature of CA125 levels over
38 U/mL as one of the predictors for synchronous liver
metastasis from PDAC. Serum CA125 levels over 62
U/mL were found not only to imply unresectability
for synchronous liver metastasis, but also to indicate
a poor survival for PDAC patients with synchronous
liver metastasis. These suggest that PDAC patients
with synchronous liver metastasis predicted by serum
CA125 levels over 38 U/mL could be appropriate for
and, more importantly, benefit from the simultaneous
resections if serum CA125 levels range between 38 U/
mL and 62 U/mL.
Since CA125 has been extensively used as a
biomarker of various types of cancers, its diagnostic
and prognostic values are gradually attracting
great attention for PDAC. Recently it was reported
in a two-center clinical study that elevated serum
CA125 levels were more pronounced in patients with
the metastasis-associated burden, especially liver
[17]
metastasis . Elevated serum CA125 levels in patients
with gastric adenocarcinoma were also observed with
the presence of peritoneal metastases and lymph
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node metastases
. On the contrary to the similar
elevated serum CA19-9 levels in all stages of PDAC,
serum CA125 levels for PDAC with distant metastasis
were shown to be higher than that for early or locally
[33]
advanced PDAC . Our result indicated that patients
with PDAC were more likely to have synchronous liver
metastasis if serum CA125 level exceeded 38 U/mL
instead of serum CA19-9 level higher than 1000 U/
mL. Thus, it is inferred that serum CA125 levels are
insensitive to primary PDAC.
In addition to differential diagnosis, serum CA125
levels reflected the extent of liver metastases as
well. We found that the median serum CA125 levels
of unexpected liver metastases was lower than that
of detected liver metastases (52 U/mL vs 72 U/mL,
P = 0.009). The median serum CA125 levels of liver
metastases with fewer than 5 nodules smaller than
3 cm, or more than 3 nodules larger than 3 cm, or
intermediate nodules was, respectively, 37 U/mL,
[17]
67 U/mL and 486 U/mL . Of note, even though
patients received curative resection for primary PDAC
and post-operatively displayed a decrease in serum
CA19-9 level, an early distant metastasis and poor
survival still troubled those who did not experience a
[17,18]
decrease in serum CA125 levels
, as we observed.
Furthermore, CA125 expression in PDAC was also
found to directly correlate with tumor stage, grade
[34,35]
and metastasis
, and to increase along with loss of
[35]
differentiation of PDAC , which denotes the tendency
[36,37]
for distant metastasis
. Primary PDAC expressed
CA125 under the same intensity as metastatic lesions
did, demonstrating the maintenance of PDAC for
[35]
CA125 expression during the metastatic process .
Therefore, we believe that CA125 is an effective preoperative factor for monitoring synchronous liver
metastasis from PDAC.
Given that CA19-9 can be influenced by obstructive
[38]
jaundice or pancreatitis and cannot be detected due
[39]
to lack of the Lewis antigen , CA125 characterized
by secretory stability is considered more suitable for
objective judgement. Regarding the unresectability
of cancer, CA125 has been widely utilized as the
[40-44]
therapeutic strategy
. Compared with CA19-9, the
most common tumor marker evaluated in patients
with PDAC, CA125 as a predictor for unresectability
of primary PDAC had a superior ROC area of 0.81,
[45]
with a cutoff level of 19.7U/mL . Moreover, ele
vated CA125 levels over the selected threshold
could distinguish factually unresectable PDAC from
equivocally resectable PDAC judged by multidetector
[45]
CT . In the present study, we analyzed a series of
clinical parameters, including tumor markers, and
found that serum CA125 levels over 62 U/mL might
signify unresectability of synchronous liver metastasis
even if primary PDAC could be curatively resected at
a R0 status. Considering that serum CA125 levels also
[17]
implied the extent of liver metastasis
and that the
location and number of liver metastases determined
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Table 8 Survival data from published studies with simultaneous resections of primary pancreatic ductal adenocarcinoma and
synchronous liver metastasis
Simultaneous resections

Adam et al[57] (2006)
Yamada et al[58] (2006)
Gleisner et al[59] (2007)
Shrikhande et al[60] (2007)
De Jong et al[51] (2010)
De Jong et al[61] (2010)
Dünschede et al[49] (2010)
Seelig et al[62] (2010)
Klein et al[50] (2012)
Tachezy et al[63] (2016)

Palliative surgical bypass or
chemotherapy

Pancreatectomy alone

Median (mo)

n

Median (mo)

n

Median (mo)

n

NA1
15.0
5.9
7.9
17.7
13.02
8.0
11.8
13.0
14.5

41
6
17
10
NA
14
9
4
7
69

11
7.5

5
69

17.9
26.5
-

NA
13
-

P value

0.730
NA
< 0.001

1

Five-year survival of 20% was provided; 2The median survival of 25 patients with pancreatic ductal adenocarcinoma (PDAC) and cholangiocarcinoma.

[46]

the feasibility and method of surgery , our findings
were quite deducible and rational. Taken together
with predictability of synchronous liver metastasis by
serum CA125 level over 38 U/mL, a narrow range of
serum CA125 level from 38 U/mL to 62 U/mL denoted
simultaneous resectability of primary PDAC and
synchronous liver metastasis.
In spite of uneventful curative resections, prolonged
survival does not necessarily belong to all patients. On
one hand, it was demonstrated that resected patients
with pre-operative serum CA125 levels over 18.4 U/mL
survived less than half of the life time as those with
[17]
lower serum CA125 levels (11.3 mo vs 25.3 mo) .
More importantly, unlike CA19-9, no discrepancies of
predictability by CA125 were found in PDAC patients
[47]
with hyperbilirubinemia . It was determined in the
two-center clinical study that the combination of
CA19-9 over 1000 U/mL and either CA125 or CEA
indicated a worse surgical outcome, with a median
survival of 7.0 mo vs 18.2 mo for the validation cohort
[18]
from our hospital . In addition, as a good response
to curative surgery, deceasing CA125 levels after
pancreatectomy were associated with longer survival
[17]
time as well (40.8 mo vs 14.6 mo) . Our data also
reflected that patients with elevated serum CA125
levels did not display a survival advantage following
the simultaneous resections. Associated with the
incidence of liver metastasis, co-expression of CA125
and mesothelin could signify unfavorable outcome in
[48]
PDAC patients (19.0 mo vs 34.8 mo) . In this study,
we showed that pretreatment serum CA125 level over
62 U/mL was useful for indicating a worse outcome
for PDAC patients with synchronous liver metastasis.
These imply that our surgical option for primary PDAC
and synchronous liver metastasis determined by
serum CA125 levels does have an impact on patient
survival and that the simultaneous curative resections
do improve clinical outcome. Aggressive therapeutic
regimens may be more advantageous in patients with
lower serum CA125 levels.
[49]
On the other hand, Dünschede et al
claimed
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shorter survival in patients with synchronous liver
metastasis undergoing simultaneous resections
than in those treated by gemcitabine (8.0 mo vs
11 mo) despite no statistical differences. However,
resection for metachronous liver metastases instead of
gemcitabine might extend survival in highly selected
[50]
patients. Meanwhile, Klein et al
reported that no
similar survival was achieved by pancreatectomy
and simultaneous liver resection for PDAC, albeit at
a R0 status, compared with pancreatectomy for non[50]
metastasized PDAC (13.0 mo vs 26.5 mo)
(Table
8). On the contrary, we showed that the survival of
PDAC patients with synchronous liver metastasis who
underwent simultaneous curative resections (15.7 mo)
was not only longer than that of those who underwent
palliative surgical bypass alone (4.4 mo) but also
similar to that of patients with non-metastasized PDAC
who underwent curative pancreatectomy alone (16.9
mo). Such discrepancy with the previous two studies
can be explained by inconspicuous residual lesion after
liver resection misjudged by pre-operative or intraoperative assessment. In accordance with our data,
[51]
De Jong et al
demonstrated that overall survival
appeared not to be different in the patients who
underwent PD and liver-directed therapy compared
with those with no evidence of liver metastasis who
underwent PD (17.7 mo vs 17.9 mo). Therefore, our
result of Cox regression analysis showing that serum
CA125 levels less than 62 U/mL were independently
associated with a prolonged survival, justified our
criterion of serum CA125 level as appropriate for
simultaneous resections for primary PDAC and
synchronous liver metastasis, and certified its
benefit for survival of patients with synchronous liver
metastasis from PDAC.
Now that pancreatectomy itself is associated
with significant morbidity and mortality, a simulta
neous liver resection may carry the extraneous
risks influencing overall survival, such as bile leak,
[52,53]
hemorrhage, or liver abscess
. The risk of
developing a liver abscess reached nearly 40%-50%
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for liver-directed therapy radiofrequency ablation of
liver tumors in patients with a biliary tract procedure
such as an enterobiliary anastomosis or biliary
[54]
stenting . As for liver resection for metastasized
PDAC, it is noteworthy that the construction of
a biliary-enteric anastomosis during PD may be
one of the induction factors of a liver abscess. The
development of post-operative complications has been
found to be detrimental to survival and to lead to
[55,56]
early recurrence in PDAC patients
. However, our
study found no liver-specific complications caused by
liver resection and no more severe pancreatic fistula
caused by pancreatectomy, suggesting relative safety
of simultaneous resections with similar morbidity
compared with standard pancreatectomy alone.
The current study had several limitations. Despite
a time span of 8 years, only a relatively small sample
size of patients was identified as having primary PDAC
and synchronous liver metastasis who underwent
either simultaneous resections or palliative surgical
bypass. As such, this study had limited statistical
power. Meanwhile, there may have been selection
bias in whether PDAC patients with synchronous liver
metastasis were chosen for surgery. For example, if
some PDAC patients with resectable tumor of body
or tail of the pancreas and unresectable synchronous
liver metastases did not present with biliary or
upper digestive obstruction, they usually underwent
gemcitabine-based chemotherapy instead of palliative
surgical bypass first and were excluded from our study.
In addition, the focus of our study was the impact of
pre-operative factors on diagnosis of liver metastasis
and selection of suitable patients for simultaneous
resections, which overlooks the influence of intra-or
post-operative factors on overall and recurrence-free
survival. Furthermore, the role of serum CA125 levels
in clinical prediction for metachronous liver metastasis
from PDAC was not investigated and hence cannot
provide guidance for all patients with liver metastasis
from PDAC.
In conclusion, diagnosis and treatment of liver
metastasis from PDAC must be individualized in the era
of precision medicine because of its highly malignant
biological behavior. Serum CA125 level over 38 U/mL
predicts synchronous liver metastasis from PDAC,
and serum CA125 level over 62 U/mL is associated
with unresectability of metastatic disease burden.
The criterion set up by serum CA125 levels facilitates
the careful diagnosis of synchronous liver metastases
from PDAC pre-operatively and the prudent selection
of appropriate patients for simultaneous resections for
primary PDAC and synchronous liver metastasis for the
sake of prolonged survival and substantially reduced
morbidity or mortality. Therefore, simultaneous
resections for primary PDAC and synchronous liver
metastasis are justified by prolonged survival in
patients selected by serum CA125. It is foreseeable
that the indication for the simultaneous resections for
precisely diagnosed liver-metastasized PDAC will be
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extended with the development of surgical techniques
and thus more PDAC patients will have a clear survival
benefit.

COMMENTS
COMMENTS
Background

Approximately 50% of new pancreatic ductal adenocarcinoma (PDAC) cases
are discovered to have distant metastases. The doctrine that the presence of
liver metastasis from resectable PDAC contradicts a curative resection and
indicates a palliative surgical bypass, deprives patients of an incremental
benefit from simultaneous curative resections for primary and metastatic PDAC.
Diagnosis of synchronous liver metastasis from PDAC and assessment of
unresectability are still challenging to surgeons.

Research frontiers

The two-center clinical study we were involved in reported that elevated serum
CA125 levels are more pronounced in patients with the metastasis-associated
burden. On the contrary to the similar elevated serum CA19-9 levels in all
stages of PDAC, serum CA125 levels for PDAC with distant metastasis were
higher than that for early or locally advanced PDAC. Serum CA125 levels
also imply the extent of liver metastasis, and the location and number of
liver metastases determine the feasibility and method of surgery. Therefore,
we hypothesized that CA125 might be an effective pre-operative factor for
monitoring synchronous liver metastasis from PDAC, and that CA125 could
predict unresectability of synchronous liver metastasis.

Innovations and breakthroughs

PDAC patients with synchronous liver metastasis predicted by serum CA125
levels over 38 U/mL might be appropriate for and, more importantly, benefit from
simultaneous resections if serum CA125 levels range between 38 U/mL and
62 U/mL. The survival of PDAC patients with synchronous liver metastasis who
underwent simultaneous curative resections was not only longer than that of
those who underwent palliative surgical bypass alone but also similar to that of
patients with non-metastasized PDAC who underwent curative pancreatectomy
alone.

Applications

The criterion set up by serum CA125 levels facilitates the careful judgement
of occurrence of synchronous liver metastases from PDAC, and the prudent
selection of appropriate patients for simultaneous resections for primary PDAC
and synchronous liver metastasis, for the sake of prolonged survival and
substantially reduced morbidity or mortality.

Terminology

Liver metastasis is a remarkable preference of PDAC to disseminate due to
its portal venous blood draining and lymphatic spread, and drastically reduces
the survival of patients with PDAC. Simultaneous curative resection is an
unconventional surgical option for synchronous liver metastasis, which requires
further justification by prolonged survival, a longer recurrence-free interval and,
at least, no more surgical-related morbidity and mortality.
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This research is original and very interesting for publication.
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Abstract
AIM
To analyse the clinical features of patients with the
serrated lesions in the upper gastrointestinal tract
(UPGI) tract.
METHODS
Patients who underwent routine esophagogastroduo
denoscopy (EGD) at the Digestive Endoscopy Centre
of General Hospital, Tianjin Medical University between
January 2011 and December 2015 were consecutively
recruited. Patients with UPGI serrated lesions were
consecutively identified. The patients’ demographics and
histopathology were recorded. The colorectal findings
for patients who underwent colonoscopy simultaneously
or within six months were also extracted from the
colonoscopy database. In addition, we analysed
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differences in colorectal neoplasia detection between
the study patients and randomly selected patients
matched for age and gender who did not exhibit
serrated lesions and who also underwent colonoscopy in
the same period.
RESULTS
A total of 21 patients out of 98746 patients (0.02%)
who underwent EGD were confirmed to have serrated
lesions with predominantly crenated, sawtooth-like
configurations. The mean age of the 21 patients
was (55.3 ± 17.2) years, and 11 patients were male
(52.4%). In terms of the locations of the serrated
lesions, 17 were found in the stomach (including 3
in the cardia, 9 in the corpus and 5 in the antrum), 3
were found in the duodenum, and 1 was found in the
esophagus. Serrated lesions were found in different
mucosal lesions, with 14 lesions were detected in
polyps (8 hyperplastic polyps and 6 serrated adenomas
with low grade dysplasia), 3 detected in Ménétrier
gastropathy, 3 detected in an area of inflammation or
ulcer, and 1 detected in the intramucosal carcinoma
of the duodenum. In addition, colonoscopy data were
available for 18 patients, and a significantly higher
colorectal adenoma detection rate was observed in
the UPGI serrated lesions group than in the randomly
selected age- and gender-matched group without
serrated lesions who also underwent colonoscopy
in the same period (38.9% vs 11.1%, OR = 5.091,
95%CI: 1.534-16.890, P = 0.010). The detection rate
of advanced adenoma was also higher in the UPGI
serrated lesions group (22.2% vs 4.2%, OR = 6.571,
95%CI: 1.322-32.660, P = 0.028).
CONCLUSION
Serrated lesions in the UPGI were detected in various
mucosal lesions with different pathological morpho
logies. Moreover colonoscopy is recommended for the
detection of concurrent colorectal adenoma for these
patients.
Key words: Clinical features; Upper gastrointestinal
tract; Serrated lesions; Colorectal adenoma; Colorectal
cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this retrospective study, the clinical features
of the serrated lesions in the upper gastrointestinal tract
(UPGI) were analysed. We found that serrated lesions
in the UPGI occurred can be found in different mucosal
lesions. Furthermore, a significantly higher colorectal
adenoma detection rate was observed in the UPGI
serrated lesions group than in the randomly selected
age- and gender-matched group from our colonoscopy
database, and the detection rate of advanced adenoma
was also higher in the UPGI serrated group. Therefore,
colonoscopy is recommended for the detection of
concurrent colorectal adenoma in patients with UPGI
serrated lesions.
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INTRODUCTION
A new “alternative” pathway by which adenocar
cinomas develop from serrated lesions was recently
described by Jass and Smith, and it may account
for 10% to 30% of all cases of colorectal cancer
[1-5]
(CRC) . According to the 2010 WHO classification,
three subgroups including hyperplastic polyps (HP),
traditional serrated adenoma (TSA), and sessile
serrated adenoma/polyp have been divided, forming
a heterogeneous group of colorectal lesions. However,
detailed information about patients with serrated
lesions in the upper gastrointestinal tract (UPGI) is
very limited.
UPGI nonconventional adenomatous and nona
denomatous types of dysplasia, such as serrated
adenoma and dysplasia, have recently been identified.
[6]
In 1992, Stolte et al revealed a characteristic
“hypertrophy” of the parietal cells that was induced by
omeprazole, and produced a serrated internal gland
[7]
profile. In addition, in 2001, Rubio reported the
first case of serrated adenoma of the stomach. Since
then, serrated dysplasia has been reported in patients
[8]
with Ménétrier-like lymphocytic gastritis , reactive
[9]
[10]
gastropathy and even Barrett’s esophagus , and it
is epitomised by hypereosinophilic cytoplasm, small
oval-shaped nuclei and prominent luminal serration.
Serrated adenomas characterized by branched villi
exhibiting lateral saw-tooth indentations lined with
dysplastic cells or “Christmas-tree-like” serrated
configurations have also been detected in the eso
[11]
[12-20]
[19,21-27]
phagus , the stomach
, the duodenum
, the
[28]
[29]
pancreas
and the gallbladder . Although serrated
adenomas are rare, recent reports indicate that 53.4%
(39/73) of traditional serrated adenomas in the UPGI
[30]
are invasive carcinomas . Therefore, analysing the
comprehensive clinical features of UPGI serrated
lesions is still worthwhile.
Moreover, a meta-analysis was recently performed
to assess patients at risk of developing colorectal
polyps with upper digestive polyps, and the finding
showed that the incidence of colorectal neoplasia was
markedly higher in patients with UPGI polyps than in
[31]
those without UPGI polyps . However the relationship
between UPGI serrated lesions and colorectal neoplasia
is not clear. Hence, in the present study, we analysed
the clinical and pathological features of serrated le
sions in the UPGI and also evaluated the colonoscopy
findings in the study group.
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MATERIALS AND METHODS
Design and patients

Patients who underwent a routine esophagogas
troduodenoscopy (EGD) at the Digestive Endoscopy
Centre of the General Hospital, Tianjin Medical
University between January 2011 and December 2015
were consecutively recruited. Patients who underwent
other types examinations, such as therapeutic endo
scopy and emergent endoscopy, were not included.
The patients’ features, including their age, gender,
body mass index (BMI), endoscopy indications, family
history of cancer and the size and location of the
lesions were extracted from the endoscopy reports and
patient questionaires.
In patients with histologically confirmed UPGI
serrated lesions, colonoscopy was required simul
taneously or within six months. Each patient was
compared to 4 randomly selected age- and gendermatched controls without serrated lesions who also
underwent a colonoscopy within the same time
period. We also analysed the differences in colorectal
neoplasia detection in each study patient and in the
control group. Patients with a history of colonoscopy
polypectomy or surgical resection of the colon or
rectum and patients with a family history of CRC,
polyposis syndromes or inflammatory bowel disease
were excluded. Informed consents for EGD and
colonoscopy were obtained from all of the participants
before the procedure, and the researchers had access
to the patients’ identifying information. The study was
approved by the Ethics Committee of the General
Hospital, Tianjin Medical University.

Endoscopic procedure

Before undergoing the EGD, all of the patients were
asked to undergo a fasting period of at least 12 h
and water deprivation for 8 h. Polyethylene glycol
lavage was prescribed for bowel preparation and
watery diarrhea excretion prior to the procedure
indicated adequate intestinal preparation for the
colonoscopy. Experienced endoscopists carefully
performed the colonoscopies while the patients
were under anaesthesia. The cardiopulmonary
function was monitored by an anaesthetist, and the
patients were maintained under general anaesthesia
with intravenous injections of propofol. Electronic
gastroscopy (GIF-Q260, Olympus, Tokyo, Japan) and
colonoscopy (Olympus CF-Q260, Olympus, Tokyo,
Japan) equipment were used for all procedures.

Pathological evaluation

All of the biopsy specimens or resected lesions that
collected during the EGD were fixed in 10% formalin
within 1 h of removal and then fixed for a minimum
of 4 h. All haematoxylin and eosin-stained sections
used for the pathological assessment and classification
were evaluated by experienced pathologists. Serrated
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lesions in the UPGI exhibit clinically and molecularly
diverse changes with common features, such as
crypt luminal morphology characterized by glandular
serration. In addition, advanced colorectal adenomas
(AA) were defined as tubular adenomas > 10 mm in
size, adenomas with villous histology, or high grade
dysplasia. Multiple polyps were categorized according
to the most advanced lesion.

Statistical analysis

All of the statistical analyses were performed with
SPSS 17.0 (Chicago, IL, United States) for Windows.
The means and standard deviations (SDs) were
calculated for continuous variables. Categorical or
constitute data were expressed as percentage. Risks
of colorectal neoplasia between patients with serrated
lesions in the UPGI and the control group in our
2
database were compared via the χ test or Fisher’s
exact test. The level of statistically significance was set
at two-tailed P < 0.05.

RESULTS
General information on the study group

During the study period, 98746 routine EGDs were
performed. A total of 21 patients with serrated lesions
that exhibited predominantly crenated, sawtoothlike configurations were diagnosed. The mean age of
these 21 patients with serrated lesions was (55.3 ±
17.2) years, and the proportion of males was 52.4%
(11/21). The mean BMI of the patients was (24.9 ±
2
5.8) kg/m and 13 patients (61.9%) had a BMI within
the normal range. The proportions of patients with a
history of smoking, alcohol use, and a family history
of gastric cancer were 33.3% (7/21), 47.6% (10/21)
and 4.8% (1/21), respectively. The indications for
EGD included upper abdominal pain (23.8%, 5/21),
nausea, vomiting and reflux (19.0%, 4/21), anemia
and edema (19.0%, 4/21), positive fecal occult blood
test (14.3%,3/21), a history of gastric polyps (14.3%,
3/21) and dyspepsia (9.5%, 2/21) (Table 1).

Distribution of serrated lesions detected in UPGI

Table 2 presents the distribution of serrated lesions:
17 lesions were detected in the stomach (including 3
in the cardia, 9 in the corpus and 5 in the antrum), 3
were detected in the duodenum (2 in the duodenal
bulb and 1 in the descending part) and 1 was detected
in the lower esophagus.

Morphology of UPGI serrated lesions

The mean size of the UPGI serrated lesions was (11.7
± 10.3) mm. The diameter was less than 20 mm
in 18 patients, and more than 30 mm in 2 patients.
The histopathological features of different serrated
lesions were divided into four morphologies: (1)
serrated hyperplasia (6/21) which was detected in
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Table 1 General information on patients with serrated lesions
in upper gastrointestinal tract

Table 3 Colonoscopy findings in the patients with serrated
lesions in upper gastrointestinal tract

n (%)
Total
Mean age (yr), mean ± SD
Gender, male
Body mass index (kg/m2), mean ± SD
18.5-23.9
≥ 24.0
History of smoking
Alcohol consumption
Family history of gastric cancer
Indications for endoscopy
Upper abdominal pain
Nausea, vomit and reflux
Anemia and edema
Positive fecal occult blood test
A history of gastric polyps
Dyspepsia

21
55.3 ± 17.2
11 (52.4)
24.9 ± 5.8
13 (61.9)
8 (38.1)
7 (33.3)
10 (47.6)
1 (4.8)
5 (23.8)
4 (19.0)
4 (19.0)
3 (14.3)
3 (14.3)
2 (9.5)

Inflammation or ulcer (3)
HPs (8)
Serrated adenoma (6)
Ménétrier gastropathy (3)
Duodenal cancer (1)

HPs (1)
AA (2), NAA (1), HPs (2)
AA (2), NAA (2), HPs (2)
HPs (2)
Absent

Table 4 Prevalence of colorectal adenoma in patients with
serrated lesions in upper gastrointestinal tract and the control
group n (%)
Patients with Average
serrated
group
lesions in
(n = 72)
UPGI
(n = 18)
Colorectal
adenoma
Non-advanced
adenoma
Advanced
adenoma

n (%)
11.7 ± 10.3
8 (38.1)
4 (19.0)
6 (28.6)
1 (4.8)
2 (9.5)

7 (38.9)

8 (11.1)

3 (16.7)

5 (6.9)

4 (22.2)

3 (4.2)

OR (95%CI)

P value

5.091
(1.534-16.890)
2.680
(0.576-12.463)
6.571
(1.322-32.660)

0.010
0.195
0.028

Prevalence of colorectal neoplasia in patients with UPGI
serrated lesions

1 (4.8)
3 (14.3)
9 (42.9)
5 (23.8)
3 (14.3)
6 (28.6)
8 (38.1)
6 (28.6)
1 (4.8)
3 (14.3)
14 (66.7)
3 (14.3)
1 (4.8)
18
4 (22.2)
7 (38.9)
3 (16.7)
4 (22.2)
1 (5.6)
2 (11.1)
1 (5.6)

areas of inflammation or ulcer lesions (3/21) and
Ménétrier gastropathy (3/21); (2) HPs (8/21); (3)
serrated adenoma with low grade dysplasia (6/21);
and (4) Serrated lesion (1/21), which was found in the
intramucosal carcinoma of the duodenum. The typical
pathological images and clinical features are shown in
Figure 1 and Table 2.
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Colonoscopy findings (n )

HPs: Hyperplastic polyps; AA: Advanced adenoma; NAA: Non-advanced
adenoma.

Table 2 Clinical features of serrated lesions in upper
gastrointestinal tract

Size (mm), mean ± SD
≤5
5-10
10-20
20-30
≥ 30
Distribution
Esophagus
Cardia
Corpus
Antrum
Duodenum
Morphology
Serrated hyperplasia
Hyperplastic polyps
Adenoma
Adenocarcinoma
Situation of serrated lesions in mucosal lesions
Inflammation or ulcer
Serrated polyps
Ménétrier gastropathy
Duodenal cancer
Colonoscopy findings
No-polyp
Hyperplastic polyps
Non-advanced adenomas
Advanced adenomas
Tubular adenoma with high grade dysplasia
Tubulovillous adenoma
Adenoma > 10 mm

Serrated lesions in upper gastrointestinal
tract mucosal lesions (n )

A total of 18 patients with UPGI serrated lesions
(81.7%, 18/21) underwent a colonoscopy simulta
neously or within six months, and 3 patients refused
to undergo a colonoscopy. We then evaluated the
colonoscopy findings of these patients. Three nonadvanced colorectal adenomas (NAA) and 4 AAs
(1 tubular adenoma with high grade dysplasia, 2
tubulovillous adenomas and 1 adenoma > 10 mm in
size) were found, and all of these colorectal adenomas
were detected only in patients with UPGI serrated
adenomas or polyps. The remaining colonoscopy
reports included 7 colorectal HPs and 4 patients
without polyps. CRC was not detected found in 18
patients. The colonoscopy findings in the patients
with UPGI serrated lesions are illustrated in Table 3.
We also compared the detection rate of colorectal
adenoma in the UPGI serrated lesions group with
that in the control group in our colonoscopy database
(Table 4). A total of 72 age- and gender-matched
patients without serrated lesions who had presented
to our centre for EGD and colonoscopy were randomly
selected as the control group. A significantly higher
colorectal adenoma detection rate was observed in the
UPGI serrated lesions group than in the control group
(38.9% vs 11.1%, OR = 5.091; 95%CI: 1.534-16.890;
P = 0.010), and a higher detection rate of advanced
adenoma was observed in the UPGI serrated lesions
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A

B

C

D

Figure 1 Typical pathological images of serrated lesions in upper gastrointestinal tract. Serrated lesions characterized by epithelial cells with luminal infolding
and a serrated growth pattern were shown. A: Serrated hyperplasia in esophagitis (× 40); B: Serrated hyperplasia in the Ménétrier gastropathy: marked foveolar
hyperplasia and glandular cysts with serrated lesions in the stomach (× 100); C: Hyperplastic polyp in the stomach: a serrated polyp without overt cytological atypia
showed narrowed crypt bases that were predominantly lined with immature cells (× 100); D: Serrated adenoma with low grade dysplasia in the duodenum: a serrated
polyp with enlarged nuclei, a pencil-shaped, hyperchromaticity and nuclear stratification (× 100).

group (22.2% vs 4.2%, OR = 6.571; 95%CI:
1.322-32.660; P = 0.028).

DISCUSSION
Since 1990, serrated polyps have been commonly
found during colonoscopy and recognized as an
[1,32,33]
important process in the development of CRC
.
Limited reports focused on the clinical features of
UPGI serrated lesions because of the low prevalence of
these lesions, and few articles have described serrated
[7-25]
adenomas in the UPGI
. Thus, serrated polyps
have not been previously listed in the classifications
[34-36]
of the upper digestive tract
. The present study
provides current information on serrated lesions in
different UPGI diseases, including inflammation or
ulcer, Ménétrier gastropathy, HPs, serrated adenomas,
and adenocarcinoma, as well as the serrated profile
[8,9]
found in cases of reactive gastropathy . We also
found that nearly half of the UPGI serrated lesions
were located in the gastric corpus, and 2/3 of the
lesions were detected in polyps in the current study.
In addition, we evaluated the colonoscopy findings
of patients with UPGI serrated lesions, and found a
significantly higher colorectal adenoma detection rate
in the serrated lesions group than in the control group,
thus colonoscopy may be recommended to exclude
the presence of concurrent colorectal adenomas in
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these patients.
This study provides the first description the de
tection and distribution of serrated lesions in the UPGI,
and analysed the colonoscopy results of these patients
compared with the control group. Simple and readily
accepted methods (EGD and colonoscopy) were
used, and the possibility of clinical heterogeneity was
minimized because of the study setting, which was
within a tertiary endoscopic centre. However, several
limitations should be mentioned. First, relatively small
sample size was used in the present study because
of the rarity of serrated lesions, and a statistical
analysis of the age, gender, BMI and family history
of patients with different mucosal lesions could not
be conducted. Second, this study was conducted in
a tertiary endoscopic centre, therefore selection bias
likely occurred. In addition, more rigorous studies
with larger sample sizes from multiple clinical centres
are necessary to determine whether patients with
UPGI serrated lesions have a higher rate of colorectal
adenomas and to ascertain whether these findings
[31,37]
similar to those in previous reports
.
Activating mutations of the RAS-RAF-MAPK
pathway have been reported to initiate and sustain
lesions in the serrated pathway, and the presence
of a positive CpG island methylation phenotype and
DNA repair genes might play a major role in colorectal
[5,38,39]
neoplastic progression
. Compared with serrated
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polyps of the colon, extracolonic serrated polyps are
virtually undescribed and their genetic alterations
are largely unknown. The pathological findings and
analysis of the molecular alterations of 13 serrated
neoplasms of the small intestine indicated that almost
half of the neoplasms demonstrated high-grade
dysplasia or were associated with an adenocarcinoma.
V600E
However, the absence of the BRAF
mutation
does not support a role for the serrated neoplasia
pathway in the development of these lesions, as it
[26]
does in colorectal serrated polyps . Another report
confirmed that oncogenic KRAS mutation was the
most common abnormality in extracolonic serrated
polyps, whereas a microsatellite instability and a CpG
[19]
island methylator phenotype were less commonly .
[30]
Rubio
presented a TSA pathway of carcinogenesis
in the UPGI, and 53.4% (39/73) of the UPGI TSAs
reported in the literature are associated with invasive
carcinomas, however, we only detected one case
associated with duodenal cancer. The younger average
age of the patients with serrated adenoma in our study
(62.2 ± 11.4) than that in the past reports (66.4 ±
11.7) compared with that in previous may provide a
suitable explanation for this phenomenon. Hence, the
mechanism that causes these lesions to evolve into
invasive carcinomas remains elusive.
In conclusion, serrated lesions in the UPGI, which
represents a rarely described histological phenotype,
were observed in various mucosal lesions with different
pathological morphologies. Moreover, colonoscopy is
recommended to exclude the presence of concurrent
colorectal carcinomas in these patients. However,
further studies are needed to clarify the clinical
significance of these lesions.

adenomas in these patients.

Innovations and breakthroughs

In this article, the authors found that serrated lesions in the UPGI occur
in different mucosal lesions, such as areas of inflammation and ulcers,
hyperplastic polyps, serrated adenomas and Ménétrier gastropathy.
Furthermore, a significantly higher colorectal adenoma detection rate was
observed in the UPGI serrated lesions group than in the randomly selected ageand gender-matched group from our colonoscopy database, and the detection
rate of advanced adenoma was also higher in the UPGI serrated lesions
group. Therefore, colonoscopy is recommended for the detection of concurrent
colorectal adenomas in patients with UPGI serrated lesions.

Applications

This study shows that serrated lesions in the UPGI occur in different mucosal
lesions. Furthermore, patients diagnosed with serrated lesions in the UPGI,
should undergo a colonoscopy to detect any concurrent colorectal adenomas.

Terminology

UPGI: Endoscopic examination that includes esophagus, stomach, ampulla and
the descending part of the duodenum.

Peer-review

Although the serrated lesions in UPGI are rare in the population, it is very
important to understand its clinical and pathological features as such lesions
maybe related to invasive carcinoma in UPGI exhibited. Furthermore, authors
found in this study that the serrated lesions in UPGI are associated with higher
colorectal adenoma detection rate.
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Abstract
AIM
To determine whether capsaicin infusion could influence
heartburn perception and secondary peristalsis in
patients with gastroesophageal reflux disease (GERD).
METHODS
Secondary peristalsis was performed with slow and
rapid mid-esophageal injections of air in 10 patients
with GERD. In a first protocol, saline and capsaicincontaining red pepper sauce infusions were randomly
performed, whereas 2 consecutive sessions of
capsaicin-containing red pepper sauce infusions were
performed in a second protocol. Tested solutions
including 5 mL of red pepper sauce diluted with 15
mL of saline and 20 mL of 0.9% saline were infused
into the mid-esophagus via the manometric catheter
at a rate of 10 mL/min with a randomized and doubleblind fashion. During each study protocol, perception
of heartburn, threshold volumes and peristaltic
parameters for secondary peristalsis were analyzed and
compared between different stimuli.
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RESULTS
Infusion of capsaicin significantly increased heartburn
perception in patients with GERD (P < 0.001), whereas
repeated capsaicin infusion significantly reduced
heartburn perception (P = 0.003). Acute capsaicin
infusion decreased threshold volume of secondary
peristalsis (P = 0.001) and increased its frequency (P
= 0.01) during rapid air injection. The prevalence of
GERD patients with successive secondary peristalsis
during slow air injection significantly increased after
capsaicin infusion (P = 0.001). Repeated capsaicin
infusion increased threshold volume of secondary
peristalsis (P = 0.002) and reduced the frequency
of secondary peristalsis (P = 0.02) during rapid air
injection.
CONCLUSION
Acute esophageal exposure to capsaicin enhances
heartburn sensation and promotes secondary peristalsis
in gastroesophageal reflux disease, but repetitive
capsaicin infusion reverses these effects.
Key words: Capsaicin; Esophageal motility; Secondary
peristalsis; Esophageal manometry; Gastroesophageal
reflux disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This clinical significance of this study is that
acute esophageal infusion of capsaicin-containing red
pepper sauce significantly enhances mechanosensitivity
to distension-induced secondary peristalsis in patients
with gastroesophageal reflux disease (GERD), which
might be beneficial in reflux patient with hypomotility.
Conversely, repeated esophageal exposure to capsaicincontaining red pepper sauce may reduce the efficiency
of esophageal secondary peristalsis. Repeated capsaicin
infusion may therefore reduce the protection of the
esophagus by hampering the clearing of residue
substance or refluxate in the esophagus, which may in
turn prolong acid clearance in patients with GERD.
Yi CH, Lei WY, Hung JS, Liu TT, Chen CL, Pace F. Influence
of capsaicin infusion on secondary peristalsis in patients with
gastroesophageal reflux disease. World J Gastroenterol 2016;
22(45): 10045-10052 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i45/10045.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i45.10045

order to prevent prolonged acid contact time in the
[3]
esophagus , secondary peristalsis helps normalize
esophageal pH together with primary peristalsis and
[2]
swallowed saliva . It is suggested in human esophagus that both mucosal and muscular mechanoreceptors are involved in triggering secondary peristalsis
which arises from a reflex arc mediated by a vagal
[4,5]
afferent pathway .
Recent studies have demonstrated that patients
with gastroesophageal reflux disease (GERD) have
considerably abnormal secondary peristaltic response
[6]
rates when compared with aged matched controls .
By application of mid-esophageal injections of water
and air, it was shown that GERD was characterized
[6]
with defective triggering of secondary peristalsis . We
have recently studied secondary peristalsis in patients
with GERD using mid-esophageal air stimulation with
[7-9]
different speeds . We notice that there is a substantial defect of activation of secondary peristalsis in a
subgroup of GERD patients with significant esophageal
dysmotility, indicating that increasing severity of failed
primary peristalsis along with defective triggering of
secondary peristalsis contributes to impaired esopha[7]
geal clearance in patients with GERD .
Despite its effect of enhancing secondary peristalsis
when acutely administered to the esophageal muco[10]
sa , we have recently demonstrated that repeated
intra-esophageal infusion of capsaicin-containing red
pepper sauce indeed inhibited secondary peristalsis
in healthy adults with reducing induction of heartburn
[7]
symptoms . The likelihood of secondary peristaltic
response by abrupt air injection was increased by
transient capsaicin infusion, but reduced by repeated
capsaicin infusion. By characterizing esophageal
desensitization as induced by repeated capsaicin infusion in modulation of secondary peristalsis in human
esophagus, our recent work provides further insight
in understanding the physiological basis of transient
receptor potential vanilloid 1 (TRPV 1) mediated
chemosensitivity and mechanosensitivity in human
[7]
esophagus .
Therefore, the aim of this study was to test the
hypothesis that heartburn perception and physiological
characteristics of secondary peristalsis can differently
be influenced by acute or repetitive intra-esophageal
infusion of capsaicin-containing red pepper sauce in
GERD patients.

MATERIALS AND METHODS
Subjects

INTRODUCTION
Secondary peristalsis is triggered by esophageal
distension when food, liquid or air is retained in the
esophagus after a failed primary peristaltic event
[1]
or a reflux from the stomach . It is important to
maintain an empty esophagus by clearing the bulk of
[2]
the volume of the refluxate after a reflux event . In
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In this prospective study, we enrolled consecutive
patients with GERD who were previously diagnosed as
having reflux disease by the presence of typical symp[11]
toms associated with positive endoscopy findings
or
documented abnormal acid exposure on 24-hour pH
monitoring. All patients had typical reflux symptoms
lasting for more than 6 mo. We excluded subjects
with the following clinical conditions: (1) esophageal
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strictures; (2) previous gastrointestinal surgery; (3)
presence of systemic diseases that might interfere with
esophageal motility; (4) chronic use of medications
known to affect esophageal motility; and (5) intolerance and/or lack of cooperation with entire protocol.
Prior to the study, all subjects did not use any medication that might affect gastrointestinal motility. This
study was performed after approval by Research Ethics
Committee of Hualien Tzu Chi Hospital, Buddhist Tzu
Chi Medical Foundation, Hualien, Taiwan and written
informed consent was obtained from the participants.

Esophageal manometry

Stationary esophageal manometry was performed
using a Koenigsberg 4-channel probe (Sandhill Scientific, Inc., Highlands Ranch, CO, United States). The
catheter with 4.5 mm in diameter includes a circumferential solid-state pressure sensor at 5 cm and three
unidirectional pressure sensors at 10, 20, and 25 cm
from the tip. The infusion port is in the mid esophagus
with its location between 15 and 20 cm from the tip.
Each subject had the catheter inserted transnasally
into the esophagus up to a depth of 60 cm. Then, we
used stationary pull-through technique to withdraw the
catheter until that the most distal sensor was located
in the high-pressure zone of the lower esophageal
sphincter (LES). Data of the entire study were then
recorded and stored on the computer. Swallowing was
detected by the most proximal channel of the catheter,
which was located in the pharynx in order to distinguish primary and secondary peristalsis.

Study design

After an overnight fast, secondary peristalsis was
recorded 10 min after esophageal infusion of saline
and capsaicin-containing red pepper sauce, or 2 sessions of capsaicin-containing red pepper sauce on two
separate days. Tested solutions including 5 mL of red
pepper sauce (Tabasco, McIlhenny Company, Avery
Island, LA, United States), diluted with 15 mL of saline
and 20 mL of 0.9% saline were infused into the midesophagus via the manometric catheter at a rate of 10
mL/min with a randomized and double-blind fashion.
We wrapped the syringe in aluminum foil in order to
mask characteristic colors of different infusions. Subjective symptoms including nausea, heartburn, stick
and pain were evaluated with a visual analogue scale
score (VAS) (0-100) shortly after each session of the
infusion. The total amount of infused red pepper sauce
suspension (5 mL of Tabasco) was equivalent to 0.84
[10,12]
mg of pure capsaicin
.
Secondary peristalsis was generated by the air
injection into the esophagus conducted first by a slow
air injection with an infusion pump attached to the
manometric catheter at a rate of 0.25 mL/s. We measured total amount of volume tested with the pump
machine based on the rate and time for air injection
to induce secondary peristalsis. Secondary peristalsis
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was then performed with rapid air injection, in which
1-mL volume was started and gradually increased by
1-mL increments until the activation of a secondary
peristalsis or the volume of the injection reached 20
mL. The threshold volumes for air injections were
measured as the minimal injection volume allowed for
[13]
triggering a secondary peristaltic pressure wave .
Then, secondary peristaltic response was determined
by ten times of 20 mL of air injections. We determined
overall secondary peristaltic response with an interval
of 20 s, during which each subject refrained from any
swallow. Each subject was allowed to take a dry swallow to clear any residual air inside the esophagus and
to avoid any swallow during next air injection at the
end of 20 s.

Data analysis

Successful secondary peristalsis was recognized if
the pressure wave was greater than 12 mmHg in the
proximal esophagus and was greater than 25 mmHg
[14]
in the distal esophagus with normal propagation .
The minimal latency of wave onset between two
adjacent channels was 0.5 s. We analyzed the data in
[14]
the same manner for both slow and rapid injections .
For measuring esophageal wave amplitude (mmHg)
and duration (s), the recording sites were located 5 cm
above upper margin of the LES.

Statistical analysis

2

We assessed the normality of all data by D’Agostino’s χ
test. All data including amplitude, duration, VAS score,
and threshold volumes of secondary peristalsis were
present as mean ± SEM, and were compared by a
paired t-test. Data for successful peristaltic response
as induced by rapid air injection were analyzed and
compared using the Wilcoxon signed-rank test and
were shown as median with interquartile range. Data
for peristaltic wave amplitude and duration were
compared for distal esophagus. Statistical significance
was determined if P < 0.05. Statistical analyses were
performed with SPSS 19 for Windows (SPSS, Inc., IL,
United States).

RESULTS
We studied 17 reflux patients who met the enrollment
criteria and entered the study between Dec 1, 2012
and Nov 31, 2013. Ten patients (4 females, mean age
42 years, range 20-64) completed the entire protocol
with different session of capsaicin-containing red
pepper sauce infused to the esophagus without any
complication. Of the patients with GERD, 8 patients
with reflux esophagitis, LA grade A and 2 patients had
normal endoscopy. The most frequent cause of exclusion from this study is intolerance to the protocol due
to esophageal infusion with capsaicin-containing red
pepper sauce.
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Figure 1 Influence of capsaicin-containing red pepper sauce on heartburn
symptom. A: Capsaicin infusion induces a significant increase in the visual
analog scale for heartburn symptom when compared with saline (P < 0.001);
B: The visual analog scale for heartburn symptom is significantly decreased by
repeated capsaicin infusion than first session of capsaicin infusion (P = 0.003).
Values are expressed as mean ± SE of the mean. Line represents the mean
value.

Symptom perception and distension thresholds of
secondary peristalsis

Capsaicin

Figure 2 Influence of capsaicin-containing red pepper sauce on
distension threshold to induce secondary peristalsis during rapid air
injection. A: The threshold volume for inducing secondary peristalsis is
significantly decreased after capsaicin when compared with saline infusion (P
= 0.001); B: Secondary peristalsis is triggered more frequently after capsaicin
infusion than saline infusion (P = 0.01). Values are expressed as mean ± SE
of the mean or median with interquartile range. Line represents the mean or
median value.

Esophageal body peristalsis

Infusion of capsaicin significantly increased the VAS
score for heartburn symptom in patients with GERD
when compared with saline infusion (P < 0.001)
(Figure 1A). During 2 consecutive sessions of capsaicin
infusion, the VAS score of heartburn symptom was
significantly reduced after repeated infusion of capsaicin as compared with that after first capsaicin infusion
(P = 0.003) (Figure 1B). When compared with saline
infusion, infusion of capsaicin significantly reduced
the threshold volume to activate secondary peristalsis
during rapid air injection (P = 0.001) (Figure 2A), and
a significant increase in the frequency of secondary
peristalsis (P = 0.01) during rapid air injection (Figure
2B). Infusion of capsaicin increased the number of
GERD patients with successive secondary peristalsis
during slow air injection than saline infusion (P = 0.001)
(Figure 3A), but the difference was not significant
between first and second capsaicin infusions (P = 0.18)
(Figure 3B). During 2 consecutive infusions of capsaicin
infusions, there was a significant increase in threshold
volume to generate secondary peristalsis after second
infusion of capsaicin (P = 0.002) compared with that
after first infusion of capsaicin during rapid air injection (Figure 4A). When compared with first infusion
of capsaicin, second infusion of capsaicin significantly
reduced the frequency of secondary peristalsis (P =
0.02) during rapid air injection (Figure 4B).
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Saline

Infusion of capsaicin did not change pressure amplitude or duration when compared with saline infusion
during slow and rapid air injections (Table 1). Furthermore, during 2 consecutive sessions of capsaicin
infusions, no significant difference was found between
2 capsaicin infusions for any peristaltic parameters of
secondary peristalsis during slow and rapid air injections (Table 1).

DISCUSSION
This principal finding of this study is that acute esophageal infusion of capsaicin-containing red pepper sauce
significantly enhances heartburn perception and mechanosensitivity to distension-induced secondary peristalsis in patients with GERD, which might be beneficial
[7]
in reflux patient with impaired esophageal motility .
However, secondary peristalsis is inhibited by repetitive
esophageal infusion with capsaicin-containing red pepper sauce. Although this study supports the evidence
that capsaicin sensitive afferents mediate heartburn
symptom and secondary peristaltic thresholds, none
of motility parameters of secondary peristalsis is influenced by acute or repeated esophageal infusion with
capsaicin-containing red pepper sauce.
In this study, we found that heartburn symptoms
in GERD patients were enhanced by rapid esophageal
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Figure 3 Influence of capsaicin-containing red pepper sauce on the
prevalence of successive secondary peristalsis during slow air injection.
A: The prevalence of patients with successive secondary peristalsis increases
after capsaicin infusion than saline infusion (P = 0.001); B: There are no
difference in the prevalence of patients with successive secondary peristalsis
between first and second capsaicin infusions (P = 0.18).

infusion of red pepper sauce, but was suppressed by
repeated infusion of red pepper sauce. Our findings
are in line with previous study which demonstrated the
activation of heartburn symptom in non-GERD subjects with intra-esophageal instillation of capsaicin at
[10]
a dose equivalent to 0.84 mg . In addition, we have
recently observed that repeated esophageal exposure
to red pepper sauce reduced the intensity of heartburn
[15]
symptom in healthy volunteers . The findings are in
agreement with an earlier work in GERD patients that
also noticed an analgesic effect in perceiving heartburn
[16]
after repeated stimulation with the capsaicin .
Together with these findings, it is conceivable that the
perception of heartburn symptom is likely to be via
[10]
TRPV1 receptor as established in our previous work .
Although sensitization of TRPV1 receptor is important
[17,18]
for mediating perception of heartburn symptom
,
this receptor may also become desensitized after the
[19]
continued presence of capsaicin . Capsaicin is known
to be an intrinsic primary afferent neurons excitant and
a neurochemical substance that initially activates and
[20]
later desensitizes afferent pathways . It has been
demonstrated in Pavlov’s esophageal fistula dog that
the cephalic phase of gastric secretion can be modu[21]
lated in condition when the pharynx was bypassed .
In this study, we found that repeated esophageal
infusion of capsaicin selectively attenuated secondary
peristalsis activated by rapid injection instead of slow
air injection of the esophagus in GERD patients. Our
[5]
findings are supported by the results of Lang et al
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Capsaicin 1

Capsaicin 2

Figure 4 Influence of repeated capsaicin-containing red pepper sauce
on distension threshold to induce secondary peristalsis during rapid
air injection. A: The threshold volume for inducing secondary peristalsis is
significantly greater after second infusion of capsaicin than first infusion of
capsaicin (P = 0.002); B: Secondary peristalsis is triggered less frequently after
second infusion of capsaicin than first infusion of capsaicin (P = 0.02). Values
are expressed as mean ± SE of the mean or median with interquartile range.
Line represents the mean or median value.

who showed in animal model that repeated application
of capsaicin selectively inhibited the reflexes activated
by rapid distension rather than slow distension of the
esophagus. Therefore, current findings reemphasize
the notion that the reflexes generated by rapid distension of the esophagus are modulated by chemically
sensitive esophageal mechanoreceptors while those
reflexes induced by slow distension are likely to be
mediated by chemically insensitive mechanoreceptors.
That notion is evident in patients with GERD.
The discrepancy in the amplitudes of secondary
peristalsis after capsaicin infusion between healthy
controls and GERD patients can be explained due
to the fact that patients with GERD are more likely
to have relatively poor motility in term of ineffective
motility. In patients with abnormal primary peristalsis,
[6]
abnormal secondary peristalsis has been observed . It
is suggested that the defect may occur in the efferent
part of the motor pathway.
It is as yet not completely clear whether a desensitization of the esophagus can be induced by a repeated
capsaicin infusion, although other studies have showed
desensitization phenomenon in other human organs
[22,23]
including the skin and nasal mucosa
. Acute
jejunal infusion of capsaicin induced burning sensations and pain without affecting sensitivity to balloon
[24,25]
distension
, whereas other studies have shown
that repeated administration of capsaicin is associated
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Table 1 Effects of capsaicin-containing red pepper sauce on secondary peristaltic parameters

Amplitude of contractions (mmHg)
Slow distension
Rapid distension
Duration of contractions (s)
Slow distension
Rapid distension

Saline

Capsaicin

Capsaicin 1

Capsaicin 2

82.9 (17.3)
94.5 (11.5)

82.6 (20.2)
104.8 (15.2)

95.9 (9.1)
116.7 (22.0)

105.1 (11.1)
121.8 (17.1)

3.0 (0.3)
3.24(0.4)

3.5 (0.4)
4.0 (0.7)

3.4 (0.5)
3.5(0.6)

3.5 (0.7)
4.0 (0.7)

Data are expressed as mean ± SE of the mean.

with reduced sensitivity to balloon distension in the
[26]
intestine . Conversely, there was no change in acidinduced esophageal mechanosensitivity to balloon dis[27]
tension after esophageal pretreatment with capsaicin .
It is conceivable that the effect on mechanosensitivity
of capsaicin, regardless of mode for esophageal distension, on mechanosensitivity may be variable according
to differences regarding types of stimuli and study
designs. We have previously demonstrated a desensitization effect on distension-induced secondary peristalsis by repeated capsaicin infusion of the esophagus
[15]
in healthy subjects . In this study, we confirmed in a
group of GERD patients that desensitization effect on
secondary peristalsis can be accomplished by repeated
esophageal capsaicin infusion.
It may be discussed whether repeated visceral
exposure to capsaicin provides a complete esophageal
[28]
desensitization , in particular in humans. It has been
reported that the durations of desensitization can last
from several hours to weeks after capsaicin exposure
[22,29]
in human studies
, and such a durable effect has
been shown in upper gastrointestinal motility in healthy
[30]
volunteers . In this work, the duration of the desensitization effects of repeated capsaicin administrations
was studied only in a limited time period, which may
impact the physiological significance and mechanisms
how capsaicin-induced analgesia generates in the
esophagus. Indeed, after repeated infusion of capsaicin
in this study, local esophageal capsaicin concentration
may reach about 10 µmol/L, which may cause rapid
[31]
degeneration of capsaicin-sensitive nerve endings . It
is probably that the desensitization effect of repeated
capsaicin infusion is due to the temporary loss of
capsaicin-sensitive afferents in the esophagus. This
needs to be clarified by further longitudinal studies.
This study has some clinical implications. Current
data support an earlier notion that esophageal mucosa
is sensitive to capsaicin stimulation which induces
heartburn symptom and which can be reduced by
repeated exposure to capsaicin-containing red pepper
[32]
sauce . The fact that repeated esophageal exposure
of capsaicin-containing red pepper sauce decreases
heartburn symptom appears to have potential
therapeutic benefit for relieving heartburn symptom
in patients with symptomatic GERD, although further
work is needed to confirm its clinical utility. From
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the other hand, our study suggests that repeated
esophageal exposure to capsaicin may inhibit secondary peristalsis and relevant reflex that may reduce
the efficiency of esophageal transit and clearance as
[13]
generated by secondary peristalsis . By doing so,
repeated capsaicin infusion may indeed reduce the
protection of the esophagus by hampering the clearing
of residue substance or refluxate in the esophagus,
which may in turn prolong acid clearance in patients
with GERD.
There are some limitations in this study with regard
to the issue of desensitization capsaicin-induced of
secondary peristalsis in patients with GERD. First, we
did not apply the novel technique of high resolution
manometry and impedance, which allows better
characterization of secondary peristalsis, which may be
missed by conventional manometry due to its inferior
capability of depicting the peristaltic activity. Second,
it is still unclear whether complete desensitization can
be achieved by current dose of capsaicin-containing
red pepper sauce, although such dose has been successfully applied for studying heartburn and secondary
peristalsis in human esophagus with a similar fashion
[7,8,10]
to acid instillation
. The effect of desensitization
is achievable only when the dose causes subjective
symptoms with maximal magnitude; however, this
is not ethically plausible for in vivo study in human
esophagus. Third, there are possibly 2 subgroups of
GERD including mild erosive reflux disease and those
with non-erosive reflux disease; however, we enrolled
those patients with typical symptoms as well as good
response to acid suppression therapy to get a more
homogeneous patient cohort. Finally, the number of
studied subjects is small due to intolerability to the
procedure, which may lead to type Ⅱ error.
In summary, acute esophageal infusion with
capsaicin-containing red pepper sauce appears to
exacerbate heartburn symptom and promote the efficiency of secondary peristalsis in patients with GERD.
However, these effects are likely to be reduced with
repetitive esophageal exposure to capsaicin-containing
red pepper sauce. Our study supports the hypothesis
that capsaicin sensitive afferents are responsible for
modulating esophageal symptom and distensioninduced secondary peristalsis in patients suffering
GERD symptoms.
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The authors found that capsaicin sensitive afferents are responsible for
modulating esophageal symptom and distension-induced secondary peristalsis
in patients suffering GERD symptoms.

17

Peer-review

This was a qualitative study with an original approach to establishing the effects
of capsaicin infusion in patients with GERD. The study was well designed and
the results are clearly described.
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Abstract
AIM
To determine the influence of Smoc2 on hepatocellular
carcinoma (HCC) cell proliferation and to find a possible
new therapeutic target for preventing HCC progression.
METHODS
We detected expression of Smoc2 in HCC tissues
and corresponding non-tumor liver (CNL) tissues
using PCR, western blot, and immunohistochemistry
methods. Subsequently, we down-regulated and upregulated Smoc2 expression using siRNA and lentivirus
transfection assay, respectively. Then, we identified the
effect of Smoc2 on cell proliferation and cell cycle using
CCK-8 and flow cytometry, respectively. The common
cell growth signaling influenced by Smoc2 was detected
by western blot assay.
RESULTS
The expression of Smoc2 was significantly higher in
HCC tissues compared with CNL tissues. Overexpression
of Smoc2 promoted HCC cell proliferation and cell cycle
progression. Down-regulation of Smoc2 led to inhibition
of cell proliferation and cell cycle progression. Smoc2
had positive effect on ERK and AKT signaling.
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CONCLUSION
Smoc2 promotes the proliferation of HCC cells through
accelerating cell cycle progression and might act as an
anti-cancer therapeutic target in the future.
Key words: Smoc2; Hepatocellular carcinoma; Cell
cycle; Proliferation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In our study, we confirmed that Smoc2
was up-regulated in hepatocellular carcinoma (HCC)
tissues and played an important role in regulating
liver cancer cell proliferation. Besides, we verified that
Smoc2 participated in promoting HCC cell proliferation
mainly through regulation of cell cycle progression.
We have not investigated the promotive role of Smoc2
in regulating cell proliferation, whether it is through
cell cycle regulation only or involves regulation of cell
apoptosis as well. Moreover, the exact mechanism of
how Smoc2 regulates cell cycle remains unclear. The
core contents of our study included Smoc2 promotion
of HCC cell proliferation via accelerating cell cycle
progression.
Su JR, Kuai JH, Li YQ. Smoc2 potentiates proliferation of
hepatocellular carcinoma cells via promotion of cell cycle
progression. World J Gastroenterol 2016; 22(45): 10053-10063
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i45/10053.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i45.10053

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the
most common malignancies worldwide, with high
[1]
mortality rate and low early diagnostic rate . HBV
infection, alcohol abuse, aflatoxin exposure and HCV
infection are identified as major causes of HCC. The
current therapies available for HCC include surgery,
interventional therapy, radio frequency therapy,
[2]
radiotherapy, biological target therapy and so on .
All of these treatments have certain curative effects,
but have inherent limitations and adverse effects,
[3]
especially for HCC patients at the advanced stage .
Thus, it is urgent to find new treatment target for the
sake of enhancing curative effect and reducing adverse
effects, especially in advanced HCC patients.
Apart from the common etiologies of HCC listed
above, certain oncogenes, cytokines, neurotrans
mitters, chemokines, extracellular secretory proteins
and tumor microenvironment are thought to play
[4]
important roles in origin and progression of HCC .
Therefore, oncogenes and tumor microenvironment,
which facilitate HCC progression, can be chosen as
[5]
therapeutic targets for HCC treatment .
The secreted protein acidic and rich in cysteine
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(SPARC; alternative names: osteonectin; ON or base
ment membrane-40; BM-40) family is recognized as
[6]
extracellular matrix proteins . A differential expression
of SPARC in tumor tissue and its surrounding stroma
compared to normal tissues has been reported for many
[7]
different types of cancer . And, SPARC was found to
be up-regulated in several solid tumors and to facilitate
[8]
tumor metastasis .
Secreted modular calcium-binding protein-2 (Smoc2)
[9]
is a novel member of the SPARC family . Previous
study confirmed that Smoc2 could promote cell cycle
progression of human umbilical vein endothelial cells
by inducing the expression of transcripts required for
[10]
cell cycle . Other studies have shown that Smoc2
is necessary for DNA synthesis in the cell cycle and
[11]
is likely to impact cell growth in vitro and in vivo .
However, to the best of our knowledge, no study has
been conducted on the role of Smoc2 in HCC.
Thus, the present study was designed to investigate
the effect of Smoc2 on proliferation of HCC cells and
the impact on cell cycle. Our study showed that Smoc2
promoted proliferation of HCC cells and accelerated cell
cycle progression. The results suggested that Smoc2
might act as an anti-cancer therapeutic target for HCC
treatment.

MATERIALS AND METHODS
Clinical samples

A total of 20 pairs of HCC tissues and corresponding
non-tumor liver (CNL) tissues were obtained from
the Liver Surgery Department of the corresponding
hospital. All the human liver tissues were obtained with
informed consent and the study was approved by the
Ethical Committee of the corresponding hospital.

Immunohistochemistry

The paraffin-embedded human liver tissues were
incised into 4-5 µm thickness slices and then dewaxed
using xylene and ethanol, in a stepwise manner. After
dewaxing, the slices were rehydrated for subsequent
staining. For immunohistochemistry (IHC) staining,
the slices were treated with hydrogen peroxide
and boiled for 15 min in citrate solution for antigen
retrieval. When the slices had cooled naturally to
room temperature, we added goat serum for blocking
of unrelated antigens. Afterwards, the slices were
incubated with Smoc2 antibody (Abcam) at 4 ℃
overnight. The following day, the slices were washed
three times with phosphate buffer and incubated with
horseradish peroxidase-labelled secondary antibody
for 1 h at room temperature. The slices were then
developed using DAB substrate liquid (Thermo) and
dehydrated by ethanol, in a stepwise manner, and
finally sealed with neutral balsam.

Western blotting assay

The tissue protein was isolated from human liver
tisseus using T-PER Tissue Protein Extraction Reagent
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(Pierce Biotechnology) according to protocols provided
by the manufacturer. The cell protein was lysed using
lysis buffer that contained Tris-HCl, NaCl, Triton-X 100,
MgCl2, PMSF and so on. The cell lysate, which was
used for cell signaling detection, was obtained by IP
cell lysis solution (Beyotime Biotechnology). All the
proteins were separated by SDS-PAGE and transferred
to a nitrocellulose membrane under constant current
condition. Then, the membrane was blocked using 5%
bovine serum albumin at room temperature for 1 h.
The nitrocellulose membrane was then incubated using
antibodies for Smoc2 (Abcam), extracellular regulated
protein kinase (ERK; Cell Signaling Technology, CST),
phospho-ERK (CST), AKT (CST), phospho-AKT (CST),
Src (CST), phospho-Src (CST), FAK (CST), phosphoFAK (CST) and GAPDH (Sigma) at 4 ℃ overnight. The
next day, the nitrocellulose membrane was incubated
with the fluorescence-conjugated secondary antibodies
at room temperature for 1 h. All the fluorescence
signals were captured and saved by the Odyssey
imaging system (LI-COR). The images of western blots
were analyzed using ImageJ software for gray value
calculation.

Immunofluorescence staining

For cell staining, SMMC-7721 cells transfected with
Smoc2 vector using lentivirus method were seeded
on rounded slides in 24-well plates and incubated
at 37 ℃ and a 5% CO2 atmosphere overnight. The
next day, cells were fixed using paraformaldehyde
and washed three times by phosphate buffer before
staining. Then, the sildes were incubated with Smoc2
antibody (Abcam) for 75 min at room temperature.
After that, the slides were washed three times
using phosphate buffer and incubated with Alexa
Fluor 488nm-conjugated secondary antibody. The
nuclei were stained using DAPI (Sigma) and the
immunofluorescence stain images were record using
fluorescence microscope (Carl Zeiss).

Real-time quantitative PCR assay

Total RNA was isolated from fresh liver tissues using
the Trizol Reagent (Takara). The isolated RNA was then
immediately applied to the reverse transcription reaction.
Primers used for quantitative PCR reaction were:
forward primer, 5’-GCTCACGTTCTTGAGAGTCG-3’;
and reverse primer, 5’-TGTAGCTGTGACACTGGACC-3’.
The PCR reaction conditions were 30 s at 94 ℃, 1 min
at 57 ℃ and 1 min and 30 s at 72 ℃ for 35 cycles.
The Amplitaq polymerase and related reagents were
supplied by Takara.

Lentivirus transfection assay

The full-length cDNA cloning vector was purchased
from GeneCopoeia and used for amplification template.
The Smoc2 full-length cDNA was amplified with NheI
and BamHI restriction sites using KOD-PLUS Neo
polymerase. Then, the PCR-amplified cDNA was cloned
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into the pcDNA3.1 vector using restriction enzymes
and DNA ligase. The recombined vector was packed
with VSV, REV and GAG vectors and transfected into
293T cells using the Lipofectamine 2000 Reagent
(Invitrogen) to obtain virus supernatent. The virus
supernatent was added into SMMC7721 cells and
Huh7 cells with polybrene. The transfected SMMC7721
cells and Huh7 cells were cultured under puromycin
condition and verified by western blot assay.

Small interfering (si)RNA interference assay

MHCC-97H cells and HCC-LM3 cells were transfected
with siRNA duplexes against Smoc2 or with control
RNA duplex oligonucleotides using Lipofectamine
2000, following the manufacturer’s instructions.
The Smoc2 interference target sequence was
TTAAGAGGTTCCTGCGAAA.

CCK-8 cell proliferation assay

MHCC-97H and HCC-LM3 cells transfected with
Smoc2-SiRNA were seeded into 96-well plates at
density of 3000 cells per 100 µL and cultured for 5
d in vitro. In addition, the SMMC-7721 and HCCLM3 cells transfected with Smoc2 lentivirus were
seeded into 96-well plates at density of 2000 cells per
100 µL and cultured for 5 d at 37 ℃ and in 5% CO2
atmosphere. The CCK-8 reagent was added to each
well at 10 µL volume and reacted for 1 h in light-free
condition, at 37 ℃, and in 5% CO2 atmosphere. Then,
the absorbance value was detected using a microplate
reader. The absorbance value at 450 nm was recorded.

Cell cycle assay

The cells were seeded into 6-well plates and collected
at logarithmic growth phase. The cells were cultured
in serum-free condition overnight before collection.
Liver cancer cells were collected and washed three
times using phosphate buffer. Then, the cells were
centrifuged at 1000 r/min for 5 min and resuspended
in 1 mL phosphate buffer. Next, the cells were added
to 9 mL 70% cool ethanol, slowly and carefully. The
fixed cells were then stored at -20 ℃ for at least 24 h.
For cell cycle assay, the fixed cells were centrifuged at
1000 r/min for 10 min and washed three times using
cool phosphate buffer. Then, we added 0.5 mL RNase
(50 µg/mL) to each tube and incubated for 20 min at
37 ℃. Lastly, we added propidium iodide at 50 µg/mL
to each tube and stained on ice for 30 min in light-free
condition. The stained cells were detected using flow
cytometry (BD Biosciences).

Statistical analysis

We used SPSS 16.0 software to analyze the statistical
significance of differences in our study. Statistic
differences were calculated using two-tailed Student’s
t-test. P < 0.05 was considered statistically significant
and P < 0.01 was considered very statistically
significant.
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Figure 1 Smoc2 was up-regulated in hepatocellular carcinoma tissues compared with corresponding non-tumor liver tissues. A: Representative images
of immunohistochemistry (IHC) staining assay; IHC images show that expression of Smoc2 was higher in hepatocellular carcinoma (HCC) tissues compared with
corresponding corresponding non-tumor liver (CNL) tissues; B: Western blot assay show the expression of Smoc2 was higher in fresh HCC tissues than in CNL
tissues; C: Quantitative real-time PCR assay showed that the relative expression of Smoc2 was higher in fresh HCC tissues than in CNL tissues. aP < 0.05.

RESULTS
Smoc2 was up-regulated in HCC tissues compared with
CNL tissues

The expression of Smoc2 was significantly up-
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regulated in HCC tissues, compared to CNL tissues,
as evidenced by IHC (Figure 1A). IHC results showed
that expression of Smoc2 was mainly located in the
cytoplasm of HCC cells and the extracellular lesion of
liver tissues. Western blot assay showed that protein
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Figure 2 Western blot assay. A: Western blot assay showing that expression of Smoc2 in MHCC-97H cells and HCC-LM3 cells was inhibited by small interfering
(si)RNA; B: Western blot assay showing that expression of Smoc2 in SMMC-7721 cells and Huh7 cells was significantly up-regulated by lentivirus transfection. LentiSmoc2 ha overexpression of Smoc2 by lentivirus transfection; lenti-vector was the negative control of lentivirus transfection; C: Immunofluorescence staining showing
overexpression of Smoc2 in SMMC-7721 cells; DAPI was used for nucleus staining.

expression level of Smoc2 was significantly higher in
human HCC tissues, compared to CNL tissues (Figure
1B). The real-time quantitative PCR result indicated
that mRNA expression level of Smoc2 in HCC tissues
was remarkably higher than in CNL tissues. All the
results above revealed that expression of Smoc2 was
up-regulated in HCC tissues, compared to CNL tissues,
at both protein and mRNA levels (Figure 1C).

Silencing Smoc2 by siRNA transfection and
overexpressing Smoc2 by lentivirus transfection assay

We carried out siRNA transfection for silencing of Smoc2
in MHCC-97H and HCC-LM3 cells, and verified the
silencing effect using western blot assay (Figure 2A).
We induced overexpression of Smoc2 in SMMC-7721
and Huh7 cells using the lentivirus transfection method
and identified the overexpressing effect using western
blot assay (Figure 2B). The immunofluorescence stain
results showed that expression of Smoc2 induced by
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lentivirus transfection can be found in cytoplasm of
SMMC-7721 cells (Figure 2C).

Silencing of Smoc2 inhibited HCC cell proliferation
and overexpression of Smoc2 promoted HCC cell
proliferation in vitro

CCK-8 assay directly reflects cell viability and can be
used for evaluating cell proliferation. We collected
MHCC-97H and HCC-LM3 cells transfected with Smoc2siRNA at 48 h and detected the cell viability for 5 d in
vitro using CCK-8 assay. The results showed that the
proliferation capacity of MHCC-97H and HCC-LM3 cells
transfected with Smoc2-siRNA were significantly worse
than that in the control group (Figure 3A). Besides,
the proliferative capacity in Smoc2 overexpressing
SMMC-7721 and Huh7 cells was remarkably stronger
than in control groups in vitro (Figure 3B). These
results suggested that Smoc2 plays an important role
in promoting HCC cells proliferation in vitro.
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Overexpression of Smoc2 accelerated cell cycle
progression by increasing the proportion of S phase
cells

Cell cycle directly reflects cell proliferation capacity
and is composed of G0/G1 phase, S phase and G2/M
phase. The cell proliferation capacity can be reflected by
proliferation index (PI) and S phase cell fraction (SPF).
PI equates to the percentage of sum of S phase and
G2/M phase cells in total cell cycle cells. SPF equates to
the percentage of S phase cells in total cell cycle (G0/
G1 + S + G2/M). Our results showed that both PI and
SPF values in overexpressing Smoc2 cells were higher
than those in the control group, which indicated the
promotive role of Smoc2 in cell cycle progression and
cell proliferation (Figure 4A and B; Figure 5A and B).

Smoc2 potentiated ERK, AKT and FAK signaling in HCC
cells

The ERKs consist of ERK1 and ERK2, having molecular
[12]
weights of 44 kDa and 42 kDa respectively .
Phosphorylation of ERK allows translocation from the
cytoplasm to the nucleus, and mediates transcriptional
activation of Elk-1, ATF, NF-kB, Ap-1, c-fos and c-Jun.
Activation of ERK signaling participates in regulating
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cell proliferation and differentiation, construction of
the cell skeleton, and the processes of cell apoptosis
[13]
and cell canceration . Our results showed that
phosphorylation of ERK was up-regulated in Smoc2
overexpressed cells and down-regulated in Smoc2
siRNA interfered cells (Figure 6).
Signaling by AKT, also known as protein kinase B,
plays an important role in regulating cell survival and
[14]
apoptosis . Our results indicated that phosphorylation
of AKT was up-regulated in Smoc2 overexpressed cells
and down-regulated in Smoc2 siRNA interfered cells
(Figure 6).
FAK, also known as focal adhesion kinase, and
its activation is related to cell proliferation and cell
[15]
cycle . Inhibition of FAK signaling can cause decrease
of S phase cell ratio in cell cycle. Thus, inhibition of
FAK signaling lead to inhibition of cell proliferation and
enhancement of cell apoptosis. Our results illustrated
that down-regulation of Smoc2 by siRNA transfection
caused inhibition of FAK phosphorylation (Figure 6).

DISCUSSION
As one of the most frequent human cancers worldwide,
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the incidence and progression of HCC are affected
[16,17]
by oncogenes and tumor microenvironment
.
Cytokines, chemokines, pH value, hypoxia, fibroblast
and extracellular matrix proteins are important
[18-21]
components of the tumor microenvironment
.
The tumor microenvironment plays an important
[22,23]
role in regulating tumor progression
. It has been
reported that many extracellular matrix proteins exert
significant influence on tumor progression. Thus, we
focused on finding a new secretory protein which can
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cause tumor development.
The Smoc2 gene, encoding a protein belonging
to the SPARC family and identified as an extracellular
matrix protein, is up-regulated during embryogenesis
[24]
and wound healing . The Smoc2 gene encoded
protein promotes extracellular matrix assembly
and potentiates endothelial cell proliferation and
[25]
[26]
migration , and has pro-angiogenic activity . It
was reported that the Smoc2 gene is indispensable for
VEGF-induced vascular endothelial cells mitogenesis

10059

December 7, 2016|Volume 22|Issue 45|

Su JR et al . Smoc2 potentiates HCC progression

A

Detris
Aggregates
Dip G1
Dip G2
Dip S

Detris
Aggregates
Dip G1
Dip G2
Dip S

1200

1200
900
Number

Number

900

600

300

0

600
300
0

0

20

40
60
80
  Channels (FL2-A)
Lenti-Smoc2

100

120

0

20

40
60
80
  Channels (FL2-A)
Lenti-Smoc2

Detris
Aggregates
Dip G1
Dip G2
Dip S

100

120

Detris
Aggregates
Dip G1
Dip G2
Dip S

1200
1200
900
Number

Number

900

600

300

300

0
0

20

B

40
60
  Channels (FL2-A)
Lenti-vector

80

100

0

0

20

40
60
   80
  Channels (FL2-A)
Lenti-vector

100

120

Cell cycle assay
Lenti-vector
Lenti-Smoc2

60
Cell number percentage

600

40

20

0

G1 phase

S phase
Huh7

G2/M phase

Figure 5 Huh7 cells. A: Fluorescence-activated cell sorting assay for cell cycle detection. All the Huh7 cells were stained by propidium iodide, which can be detected
at 488 nm; B: The overexpression of Smoc2 caused increase of S stage cell proportion in Huh7 cells, which indicated the promotion of cell cycle progression.
[27,28]

and tube formation
. Due to its promotive effect on
angiogenesis, the Smoc2 gene may represent a useful
target for inhibition of tumor progress.
The cell cycle consists of G0/G1 phase, S phase
[29,30]
and G2/M phase in mammalian cells
. The cell
cycle is mainly regulated by various kinds of growth
[31,32]
factors, such as platelet-derived growth factor
.
Cyclin D1 expression is induced by mitogens and is
[33]
crucial for G1 progression . Previous results showed
that Smoc2 plays an important role in promoting G1/S
progression through participating in the maintenance
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[34-36]

of cyclin D1 expression
. In other words, cyclin D1
can be considered as an effector of Smoc2-induced
[37,38]
DNA synthesis
.
It was also demonstrated that Smoc2 was neces
sary for DNA synthesis in response to PDGF and other
[39-41]
growth factors during the cell cycle
. Our study
demonstrated that Smoc2 had a promotive effect on
HCC cell G1/S phase progression, as well as on cell
proliferation. The S phase cell ratio was significantly
elevated in Smoc2 overexpressing HCC cells, and this
result was in accordance with those from a previous
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studied further.
Our research focused on the proliferation promotion
effect of Smoc2 in HCC cells. However, Smoc2 also
has influence on cell migration. It has been reported
that extracellular matrix protein Smoc2 can promote
keratinocyte migration in vitro. Accordingly, the role of
Smoc2 on HCC cell migration and invasion need to be
further studied. The influences of Smoc2 on HCC cell
biological behaviors may be extensive.
In conclusion, our results demonstrated that
Smoc2 is an important regulator of cell mitogenesis,
and plays a promotive role in growth factor signaling
and cell cycle progression in HCC. Based on our study,
Smoc2 might represent a promising therapeutic target
for HCC treatment.
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Figure 6 Phosphorylation of ERK up-regulated in Smoc2 overexpressing
cells and down-regulated in cells with Smoc2 small interfering (si)RNA.
Western blot assay showed the change of phospho-ERK, Src, FAK and AKT
expression by Smoc2 interference or overexpression.

study using human umbilical vein endothelial cells
[42,43]
transduced with Ad-Smoc2
.
Compared with Swiss 3T3 cells transfected
with Sicontrol, the cells transfected with SiSmoc2
oligonucleotide duplexes showed no significant change
[44-47]
in phospho-MAPK and phospho-AKT levels
. Unlike
the results in Swiss 3T3 cells, our results indicated that
Smoc2 had promotive influence on MAPK/ERK and
AKT signaling pathways in HCC cells. MAPK/ERK and
AKT are identified as PDGF β receptor effector kinases
[48]
and positively regulate the expression of cyclin D1 .
Therefore, we speculated that Smoc2 could potentiate
PDGF-induced mitogenesis and the subsequent cell
proliferation. Nevertheless, another study based on
Swiss 3T3 cells showed that the promotion of Smoc2
in DNA synthesis was independent of PDGF-binding
activity but dependent on integrin-activated protein
[49]
kinase .
Previous studies revealed that Smoc2 promotes
growth factor-induced DNA synthesis and differs from
SPARC, which was identified as an anti-mitogenic
factor. It was reported that SPARC could bind various
kinds of mitogens (such as VEGF, PDGF, FGF and so
on) but inhibit the signaling mediated by these growth
factors. Unlike SPARC, Smoc2 could facilitate growth
[50]
factor-induced DNA synthesis . The exact mechanism
of how Smoc2 promotes growth factor-induced DNA
synthesis in HCC cells remains unclear and needs to be
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The secreted modular calcium-binding protein-2 (Smoc2) gene, belonging to
the secreted protein acidic and rich in cysteine (SPARC) family, was identified
as encoding an extracellular matrix protein and as being up-regulated during
embryogenesis and wound healing. The Smoc2 gene encoded protein
promotes extracellular matrix assembly and potentiates endothelial cell
proliferation and migration, as well as has pro-angiogenic activity. Due to the
promotive effect on angiogenesis, the Smoc2 gene can be chosen as a target
for inhibition of tumor progression.

Research frontiers

Smoc2 is a novel member of the SPARC family. Current studies have confirmed
that Smoc2 can promote cell cycle progression by inducing the expression of
transcripts required for the cell cycle. Other studies have shown that Smoc2 is
necessary for DNA synthesis in the cell cycle and is likely to impact cell growth
in vitro and in vivo. These studies also revealed that Smoc2 plays an important
role in regulating the cell cycle. However, to the best of our knowledge, no study
has investigated the role of Smoc2 in hepatocellular carcinoma (HCC).

Innovations and breakthroughs

The expression of Smoc2 was significantly higher in HCC tissues, as compared
to CNL tissues. Overexpression of Smoc2 promoted HCC cell proliferation
and cell cycle progression. Down-regulation of Smoc2 led to inhibition of cell
proliferation and cell cycle progression. Smoc2 had a positive effect on ERK
and AKT signaling.

Applications

According to our studies, Smoc2 was identified as pro-proliferative gene in
HCC. Besides, blockage of Smoc2 could result in inhibition of liver cancer
cell proliferation. Therefore, Smoc2 might be chosen as a target gene for
preventing HCC progression. In the future, a neutralizing antibody for Smoc2
could be produced and used in animal experiments to further test its efficacy
for preventing HCC proliferation. Blockage of Smoc2, by using neutralizing
antibody or another approach, may contribute to HCC treatment and improve
therapeutic efficacy.

Terminology

The SPARC family was recognized as extracellular matrix proteins. SPARC has
been found to be up-regulated in several solid tumor tissues and to facilitate
tumor metastasis. Smoc2, a novel member of the SPARC family, was identified
as an extracellular matrix protein.

Peer-review

This study is very interesting. The authors determined the influence of Smoc2
on HCC cell proliferation and aimed to find a possible new therapeutic target
for preventing HCC progression. The authors detected expression of Smoc2
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in HCC tissues and corresponding non-tumor liver (CNL) tissues using PCR,
western blot, immunohistochemistry methods and down-regulation and upregulation of Smoc2 expression using small interfering RNA and lentivirus
transfection assay respectively. The effect of Smoc2 on cell proliferation and
cell cycle was identified using CCK-8 and flow cytometry respectively. The
common cell growth signaling influenced by Smoc2 was detected. The authors
found that Smoc2 promotes the proliferation of HCC cells through accelerating
cell cycle progression and might act as an anti-cancer therapeutic target in the
future. Overall, this study is well designed and the manuscript is well written.
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Abstract
AIM
Evaluate the association between phase angle and the
development of hepatic encephalopathy in the longterm follow-up of cirrhotic patients.
METHODS
This was a prospective cohort study. Clinical, nutritional
and biochemical evaluations were performed. Mann2
Whitney’s U and χ tests were used as appropriate.
Kaplan-Meier curves and Cox proportional Hazards
analysis were used to evaluate the prediction and
incidence of hepatic encephalopathy.
RESULTS
Two hundred and twenty were included; the most
frequent etiology of cirrhosis was hepatitis C infection,
52% of the patients developed hepatic encephalopathy
(18.6% covert and 33.3% overt); the main precipitating
factors were infections and variceal bleeding. KaplanMeier curves showed a higher proportion of HE in
the group with low phase angle (39%) compared to
the normal phase angle group (13%) (P = 0.012).
Furthermore, creatinine and phase angle remained
independently associated to hepatic encephalopathy in
the Cox regression multivariate analysis [hazard ratio =
1.80 (1.07-3.03)].
CONCLUSION
In our cohort of patients low phase angle was
associated with an increased incidence of hepatic
encephalopathy. Phase angle is a useful nutritional
marker that evaluates cachexia and could be used
as a part of the integral assessment in patients with
cirrhosis.
Key words: Malnutrition; Hepatic encephalopathy; Phase
angle; Cachexia; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Malnutrition in cirrhosis is a known risk factor
for mortality and the development of complications. We
used phase angle derived from bioelectrical impedance
that reflects cachexia, the type of malnutrition seen
in chronic diseases. We found an association between
the presence of low phase angle and higher incidence
of hepatic encephalopathy in the 48 mo of followup compared to the group with normal phase angle,
demonstrating the importance of this complication.
We proposed a nutritional marker that can predict
the development of hepatic encephalopathy with the
advantage of being a non-invasive, inexpensive and
bedside method.
Ruiz-Margáin A, Macías-Rodríguez RU, Ampuero J, Cubero FJ,
Chi-Cervera L, Rios-Torres SL, Duarte-Rojo A, Espinosa-Cuevas
Á, Romero-Gómez M, Torre A. Low phase angle is associated
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with the development of hepatic encephalopathy in patients with
cirrhosis. World J Gastroenterol 2016; 22(45): 10064-10070
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i45/10064.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i45.10064

INTRODUCTION
Hepatic encephalopathy (HE) is defined as a spectrum
of neuropsychiatric abnormalities observed in patients
with liver dysfunction, in the absence of other explanatory medical conditions; this disorder may significantly
impair the daily function, quality of life and survival
[1]
of patients with cirrhosis . The pathophysiology of
HE is complex, and multiple mechanisms have been
implicated in its development. Apart from hyperammonemia, other factors such as oxidative stress, inflammation, false neurotransmitters, genetic factors and
[2,3]
cerebral hemodynamics are known to trigger HE .
As complications arise from cirrhosis, the different
stages of malnutrition follow including depletion of
muscle mass sarcopenia, depletion of both muscle and
fat mass and the release of inflammatory mediators
[4]
cachexia , affecting the normal functioning of different
organs such as the brain. Some aspects of malnutrition share common mechanisms with those observed
in patients with HE, including increased oxidative
[5]
stress and systemic inflammation . This is especially
important in cachexia, where loss of muscle and fat
mass together with systemic inflammation contribute
[6,7]
to detrimental general status .
Loss of skeletal muscle is related to poor ammonia
clearance by decreasing the amount of glutamine
synthetase - a key enzyme related to ammonia scavenging - which catalyzes the conversion of ammonia
[8,9]
and glutamate into glutamine . Substantial evidence
has linked oxidative stress with malnutrition; in fact,
the underlying mechanism includes low bioavailability
of antioxidants, enhanced production of free radicals
and impaired functioning of free radical scavenging
[10]
enzymes . Finally, cachexia-driven inflammation and
oxidative stress might further impair brain function
[5]
leading to hepatic encephalopathy .
Among the current available methods for the
assessment of the nutritional status, bioelectrical
impedance-derived phase angle (PhA), is regarded
as an useful tool indicating the balance between cell
hydration and body mass, which is finally translated
[11]
into tissue homeostasis and nutritional status . Low
values of PhA reflect poor nutritional status typically
found in clinical settings such as cancer, human immunodeficiency virus and cirrhosis. The clinical application
of PhA in patients with cirrhosis and HE includes the
[12-14]
evaluation of cachexia
.
Therefore, the aim of this study was to evaluate
the association between PhA and the HE development
in the long-term follow-up of cirrhotic patients.
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MATERIALS AND METHODS
This was a prospective cohort study. Patients attending
Gastroenterology and Hepatology clinics at a thirdlevel hospital (Instituto Nacional de Ciencias Médicas
y Nutrición “Salvador Zubirán”, México City, México)
between March 2009 and June 2010 were screened for
study enrollment. This study was designed and conducted according to the principles of the Declaration
of Helsinki and was approved by the local Institutional
Ethics Committee (REF 1652). Informed consent was
obtained from each participant.

Patients

We included patients with an age of 18 to 65 years,
and diagnosed with cirrhosis based on the combination
of clinical features, radiological imaging, presence of
portal hypertension, compatible biochemical parameters, and/or confirmatory liver biopsy. Inclusion was
not restricted to etiology of cirrhosis. Patients with
acute or chronic renal failure, an episode of overt HE
in the previous 6 mo, with current treatment for HE,
major surgery within four weeks before recruitment,
pregnancy, active alcoholism, acute disease such as
infections, use of neuropsychiatric drugs, hypothyroidism and extremity amputation, were excluded.

Clinical assessment

All patients underwent clinical evaluation to evaluate
the presence of ascites, edema, and hepatic encephalopathy. HE was classified according to West Haven
criteria. If diagnosis of overt HE was made during
follow-up, anti-ammonia treatment (lactulose, antibiotics, L-ornithine-L-aspartate) was prescribed, and
resolution/improvement of HE manifestations was
confirmed at a follow-up visit.
Biochemical tests including liver function tests,
international normalized ratio (INR), creatinine,
sodium, and ammonia levels were obtained within the
first week of study enrollment. Disease severity was
determined according to Child-Pugh (CP) and Model
[15,16]
for End-Stage Liver Disease (MELD) scores
.

Bioelectrical impedance analysis and phase angle
analysis

The BIA measurement was performed using RJL
systems Quantum Ⅳ (Clinton Township, MI, United
States) applying alternating electric currents of 800 µA
at 50 kHz with the aid of Ag/AgCl source and sensor
electrodes to obtain R, Xc and phase angle. BIA was
performed within the first week of enrollment after an
overnight fasting in supine position with arms and legs
abducted from the body. Source and sensor electrodes
were placed on the dorsum of the hand and foot on the
right side of the body, respectively. The BIA-derived
PhA was obtained according to standard calculations.
Cachexia can be defined as loss of muscle and fat
mass, accompanied by an inflammatory component
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given by the presence of chronic disease , PhA has
been shown to be associated to inflammation as well
[11,14]
as muscle and fat depletion
. Cachexia was defined
as when the patient presented a PhA value ≤ 4.9°
[17]
based on the specific cut-off for our population
and
specifically loss of muscle mass and fat mass that was
obtained through a combined evaluation of PhA and
vector analysis (RXc graph).

Statistical analysis

Kolmogorov-Smirnov test was performed to test data
distribution. To compare groups U of Mann-Whitney
2
and Chi-square test (χ ) were used. Incidence of HE
was assessed with Kaplan-Meier curves, using the
log rank test to compare the curves, followed by a
multivariate Cox regression analysis. To obtain the
best regression model, backward elimination model
was selected. Statistical analysis was carried out using
®
GraphPad Prism 5 and SPSS v21 (SPSS Inc., Armonk,
New York, United States).

RESULTS
The total population consisted of 220 outpatients (60%
females), with a mean follow-up time of 34 ± 9.8 mo.
The main etiology of cirrhosis was hepatitis C virus
(HCV) (36%), followed by non-alcoholic steatohepatitis
(NASH) (18%), primary biliary cirrhosis (17%), alcohol
(10%), autoimmune hepatitis (10%), and other
causes (9%). A total of 35% of patients were categorized as CP A, 47% CP B, and 18% CP C.
The total population was then divided into two
groups, depending on HE development during followup; there were no significant differences in age, BMI
and mid-arm muscle circumference among groups;
however CP, MELD score and its components, as well
as phase angle, sodium, hemoglobin and ammonia
were worse in the HE group (Table 1).
In total, during the 48 months of follow-up, 52%
of the patients developed HE; from this 18.6% was
covert HE and 33.3% was overt HE. From the total
population 16.4% of the patients had more than one
episode of HE during follow-up. Mean PhA was significantly lower in patients that showed persistent HE
when compared to the group without persistent HE 4.6
± 1.17 vs 5.2 ± 1.18 (P = 0.017).
When the analysis of HE development was stratified
by nutritional status according to PhA ≤ or > 4.9°,
there was a clear difference between groups. The
incidence of HE was significantly higher in patients with
cachexia, as evidenced by low phase angle, when compared to patients compared to well-nourished patients,
39% vs 13%, respectively (P = 0.012) (Figure 1).
The main precipitating factors of HE were infections
different from spontaneous bacterial peritonitis (SBP)
26.7%, this included urinary tract infections and respiratory infections mainly, the second most common
factor was variceal bleeding 23.3%, followed by con-
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Table 1 Clinical and demographic characteristics of the study population according to the presence of hepatic encephalopathy
HE (n = 115)
Age (yr)
BMI (kg/m2)
MAMC (cm)
Phase angle (°)
Child-Pugh (points)
MELD score
Total bilirubin (mg/dL)
Albumin (mg/dL)
INR
Creatinine (mg/dL)
Sodium (mEq/L)
Hemoglobin (g/dL)
Ammonia (µ/dL)

Non-HE (n = 105)

54.2 ± 10.3
26.4 (21.3-30.7)
22.3 (20.3-26.4)
4.6 (4.0-5.5)
8 (7-10)
13 (10-15)
2.1 (1.3-3.4)
3.4 ± 0.6
1.3 (1.2-1.4)
0.84 (0.67-1.09)
136 (133-139)
12.2 (10.3-14.3)
83.9 (50.9-123.3)

51.8 ± 11.7
27.4 (24-30.5)
24.4(21.1-26.98)
5.3 (4.6-6.1)
6 (5-8)
10 (8-12)
1.5 (1.0-2.6)
2.9 ± 0.6
1.2 (1.1-1.3)
0.72 (0.63-0.83)
139 (136-141)
14.0 (12.1-15.3)
56.3 (37.6-80.3)

P value
0.109
0.185
0.230
0.000
0.000
0.000
0.001
0.000
0.005
0.000
0.000
0.000
0.000

Data presented as mean ± SD, median (P25-P75). HE: Hepatic encephalopathy; BMI: Body mass index; MAMC: Mid-arm muscle circumference; MELD:
Model for End-Stage Liver Disease; INR: International normalized ratio.
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Figure 1 Development of hepatic encephalopathy according to phase
angle during the follow-up period of 48 mo (P = 0.012). PhA: Phase angle.

stipation 15.6% and SBP 12.2%. Together, infections,
non-SBP and SBP, comprised 38.9% of these factors
(Figure 2).
The precipitating factors were then evaluated to
search for differences between the group with low PhA
and normal PhA; in the group with low PhA infections
were higher (26.3% vs 16.3%), and specifically from
the group of patients with SBP as precipitating factor
70% had low PhA, although this did not reach statistical significance (P = 0.332 and P = 0.166).
For the multivariate analysis a stepwise Cox regression using Backward elimination method for variables
with P values > 0.05 was used; several variables
known to be associated to HE were initially included in
the univariate analysis their association to the development of HE where PhA, sodium, hemoglobin, ammonia
and creatinine were statistically significant; however,
after multivariate adjustment, only PhA and creatinine
remained independently associated to HE (Table 2).
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Figure 2 Precipitating factors of hepatic encephalopathy in the cohort.
SBP: Spontaneous bacterial peritonitis; VB: Variceal bleeding.

DISCUSSION
The importance of nutritional status in cirrhosis has
been widely recognized; it was included in the original
description of the Child-Turcotte-Pugh score, and, since
then, the influence of nutritional status in cirrhosis and
its complications has been studied in different clinical
[18]
scenarios .
Through the years, the need for improved methods
for the nutritional assessment in patients with cirrhosis
has become evident, mainly due to the bias induced
by fluid retention and decreased hepatic synthetic
[19]
function .
In this study, we defined malnutrition, and specifically cachexia, based on phase angle, a direct marker
obtained from BIA, previously validated as a marker of
[17]
nutritional status related to mortality in cirrhosis .
The use of this nutritional marker has some
advantages over other available methods including
reproducibility, ease of use, low cost and accuracy.
Low values of PhA have been linked to disrupted
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Table 2 Characteristics associated with hepatic encephalopathy in the Cox regression model
Univariate analysis
Phase angle (≤ 4.9°)
Sodium (mEq/L)
INR
Hemoglobin (g/dL)
Ammonia (µ/dL)
Creatinine (mg/dL)
Total bilirubin (mg/dL)
Multivariate analysis
Phase angle (≤ 4.9°)
Sodium (mEq/L)
Creatinine (mg/dL)

HR

95%CI

P value

β

1.597
0.941
2.270
0.897
1.006
4.112
1.031

1.081-2.358
0.906-0.977
1.154-4.465
0.836-0.962
1.002-1.010
1.954-8.654
0.966-1.100

0.019
0.002
0.018
0.002
0.005
0.000
0.362

0.468
-0.061
0.820
-0.109
0.006
1.414
0.030

1.806
0.957
4.116

1.076-3.031
0.912-1.003
1.573-10.767

0.025
0.065
0.004

0.591
-0.044
1.415

2-Log-likelihood: Block 0 = 557.59, Block 1 = 540.42, P = 0.000. HR: Hazard ratio; INR: International normalized ratio.

cell membrane and cell death, as well as changes in
[11,12]
hydration status in different clinical settings
. Based
on these facts, in patients with cirrhosis and HE, a
low PhA might reflect low-grade edema and astrocyte
[20]
swelling . On the other hand, a low PhA translates
directly into poor nutritional status, indicating mainly
cachexia. The importance of recognizing cachexia in
cirrhosis resides in the three components inherent to
this condition: loss of muscle and adipose tissue as
well as inflammation. Both sarcopenia and inflammation are important pathophysiological mechanisms
[21]
related to the development and progression of HE .
In this cohort of patients, anthropometric measurements such as triceps skinfold thickness and mid-arm
muscle circumference showed no difference between
the patients with and without hepatic encephalopathy.
The results of our study show an association
between the presence of cachexia and the subsequent
development of HE. There are no studies showing the
long-term effect of cachexia and the risk of developing
HE, although malnutrition and HE has been evaluated
in some studies. One cross-sectional study found an
association between the presence of HE and muscle
depletion, using handgrip muscle strength and other
[21-23]
nutritional markers
. Another study found higher
proportion of HE in patients with sarcopenia evaluated
through computed tomography (CT) compared to
patients without sarcopenia (60% vs 49%, P = 0.1),
[24]
however, no follow-up data was available .
Malnutrition could influence the development of HE
in different ways. The brain, liver, gut and muscle play
an important role in maintaining ammonia metabolism
in cirrhosis and might be directly affected by malnutri[2]
tion . For instance, the muscle function could be
damaged since ammonia scavengers through the conversion from ammonia and glutamate into glutamine
by the enzyme GS. The disruption of the intestinal
barrier in cirrhosis and further increase in intestinal
permeability and endotoxin levels, are involved in
increased cytokine production, inflammation, and risk
[25]
of infections . Cachexia has been linked to dysbiosis
which can further contribute to increased ammonia
production, damage to the intestinal epithelial cells, and
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[26]

increased inflammation, ultimately leading to HE .
The main precipitating factors of HE episodes in this
cohort were infections, followed by variceal bleeding. It
has been established that malnutrition in any condition
[27]
is related to a higher incidence of infections , thus, it
can very likely be a possible explanation of the higher
incidence of HE in malnourished patients, besides
altered ammonia detoxification.
In the univariate analysis, biochemical parameters
including sodium, INR, hemoglobin, ammonia and
creatinine, as well as PhA were significantly related to
the development of HE, and after backward multivariate adjustment, only creatinine and PhA remained
significant. Altogether these data support the longterm effect of malnutrition in the development of HE.
The main benefits of this study are the prospective
design and the long-term follow-up, which is essential
to evaluate the causal effect of cachexia in the development of hepatic encephalopathy, thus it is not only
a cross-sectional association, but also a validated and
easily reproducible nutritional marker. There were
also limitations in this study, individual components of
malnutrition (fat mass, muscle mass) cannot be specifically addressed, since only the direct measurements
were used, due to the limitations of conventional
BIA using prediction equations to calculate indirect
markers. Likewise, the cut-off value is specific of our
population; therefore it needs to be tested in different
populations.
In our cohort of patients low PhA was associated
with an increased incidence of HE. PhA is a useful
nutritional marker that evaluates cachexia, and could
be used as a part of the integral assessment in patients
with cirrhosis. Whether improving nutritional status
can prevent or delay the development of episodes of
HE warrants further investigation.
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Abstract
Commercial dietary supplements are marketed as a
panacea for the morbidly obese seeking sustainable
weight-loss. Unfortunately, many claims cited by
supplements are unsupported and inadequately
regulated. Most concerning, however, are the
associated harmful side effects, often unrecognized
by consumers. Garcinia cambogia extract and Garcinia
cambogia containing products are some of the most
popular dietary supplements currently marketed for
weight loss. Here, we report the first known case of
fulminant hepatic failure associated with this dietary
supplement. One active ingredient in this supplement
is hydroxycitric acid, an active ingredient also found in
weight-loss supplements banned by the Food and Drug
Administration in 2009 for hepatotoxicity. Heightened
awareness of the dangers of dietary supplements
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such as Garcinia cambogia is imperative to prevent
hepatoxicity and potential fulminant hepatic failure in
additional patients.
Key words: Dietary supplements; Fulminant hepatic
failure; Drug-induced liver injury; Liver transplantation;
Hyroxycitric acid; Weight-loss supplements
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current regulatory practice for over-thecounter dietary supplements in addition to celebrity
endorsements of these products unfounded claims has
resulted in a significant increase in the use of dietary
supplements for weight loss. Unfortunately, several
such products have previously been demonstrated to
be serious health risks. Here we present one of the first
known cases of fulminant hepatic failure associated
with one such popular weight loss supplement, Garcinia
cambogia .
Lunsford KE, Bodzin AS, Reino DC, Wang HL, Busuttil RW.
Dangerous dietary supplements: Garcinia cambogia-associated
hepatic failure requiring transplantation. World J Gastroenterol
2016; 22(45): 10071-10076 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i45/10071.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i45.10071

INTRODUCTION
Dietary supplements are an increasingly recognized
cause of acute liver injury and fulminant hepatic
failure. Under the Dietary Supplement Health and
Education Act of 1994, supplements, unlike prescription and over-the-counter medications, require proven
[1]
toxicity prior to FDA sanctions . The Drug Induced
Liver Injury Network (DILIN) identifies dietary supplements among the most common causes of druginduced hepatotoxicity. Nearly a quarter of cases
suffer irreversible liver damage, resulting in potential
[2]
liver transplant (4%) and death (6%) . Evaluation of
dietary supplement-induced hepatoxicity is difficult due
to wide formulaic variations, and ineffectual federal
manufacturing oversight allows contamination by
alfatoxins, microorganisms, pesticides, heavy metals,
and synthetic drugs. These contaminants have known
hepatotoxicity and may contribute to detrimental
[3]
effects . In addition, following formal FDA citation, a
supplement may be remarketed after minor reformulation and/or rebranding.
Of particular note has been hepatotoxicity associated with several different brands of “fat busters”.
Commercial fat-burning dietary supplements are
widely marketed as “miracle-cures” for obesity on
major network television shows with celebrity endorsements. Supplements are advertised to stimulate
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weight loss by increasing the body’s basal metabolic
rate; however, campaigns are bereft of associated
[3,4]
side effects (reviewed in
). Multiple companies
manufacture supplements of the same name with different composition, contaminants, and concentrations
of active ingredients, potentially resulting in variable
hepatotoxicity. Effort made by the FDA to collect data
regarding toxicities through “Safety Reporting Portal”
[5]
in the MedWatch system is reliant upon consumer
and industry reporting compliance. As a result, recognition of toxicities may arise slowly.
Garcinia cambogia (G. cambogia) containing products are currently one of the most highly marketed
group of weight-loss supplements commercially available. The supplement is derived from the rind of the
fruit of the Garcinia cambogia tree, which is native to
southwestern India. It has gained significant acclaim
for its weight-loss benefits through mainstream talk
shows and medical media celebrity spokespeople.
Here, we report the first known case of fulminant
hepatic failure associated with dietary intake of a “pure”
Garcinia cambogia supplement.

CASE REPORT
A 34-year old Hispanic male presented with nausea,
vomiting, abdominal pain, and dark urine. Testing
revealed elevated transaminases and bilirubin; however, imaging failed to demonstrate cirrhosis or anatomic
abnormality. Hepatitis work-up, including testing for
viral hepatitis, hemochromatosis, Wilson’s disease, and
autoimmune hepatitis, was unremarkable with exception of an elevated Ferritin level of 7089 mg/dL. Genetic
testing for hemochromatosis was negative. Medical history was only positive for occasional social alcohol use,
and drug toxicology testing was negative. He denied
use of energy drinks, herbs, Chinese teas, or muscle
milk. He was advised to discontinue alcohol use, which
he did, and his symptoms initially seemed to abate.
Six weeks later, the patient developed asterixis,
jaundice, and confusion. Follow-up imaging was concerning for rapid onset of cirrhosis or infiltrative hepatocellular carcinoma. He was transferred to our center
for further evaluation. On admission, transaminases
were elevated with aspartate aminotransferase (AST)
624 U/L, alanine aminotransferase (ALT) 520 U/L and
total bilirubin of 34.7 mg/dL. International normalized
ratio (INR) remained elevated despite multiple infusions of fresh frozen plasma and vitamin K. Factor Ⅴ
and Ⅶ activities were 18% and < 6%, respectively.
Magnetic resonance imaging (MRI) with Eovist contrast
demonstrated interval development of heterogeneous,
enhancing nodularity with portal venous washout,
unlikely to be an infiltrative tumor process.
A full repeat hepatitis work-up was performed (Table
1). No definitive cause of acute liver failure could be
identified; however, some findings were equivocal.
Autoantibody titers demonstrated a positive anti-
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Table 1 Work-up for causes of acute liver failure in reported patient
Laboratory test
Hepatic function panel
Aspartate aminotransferase
Alanine aminotransferase
Alkaline phosphatase
Bilirubin, total
Bilirubin, conjugated
Albumin
Total Protein
Coagulation factors
Prothombin time
INR
Factor Ⅶ activity
Factor Ⅴ activity
Tumor markers
CEA
CA 19-9
AFP
AFP-L3
PIVKA
Viral serologies
Hepatitis A, IgM
Hepatitis A, IgG
Hepatitis B surface antigen
Hepatitis B surface antibody, quantitative
Hepatitis B core antibody, total
Hepatitis C antibody screen
Hepatitis C RNA quantitative PCR
Hepatitis E antibody, IgG
Hepatitis E antibody, IgM
CMV antibody immune status
CMV DNA quantitative PCR
Liver tissue CMV in situ hybridization
EBV-VCA IgM
EBV-VCA IgG
EBV DNA quantitative PCR
Liver tissue EBV in situ Hybridization
Adenovirus DNA Quantitative PCR
Liver tissue adenovirus in situ hybridization
Herpes Simplex 1 IgM screen
Herpes Simplex 2 IgM screen
Liver Tissue HSV 1 and 2 in situ hybridization
RPR
Autoantibody titer
Antinuclear antibody
Antinuclear antibody titer
Smooth muscle antibody
Liver kidney microsome antibody IgG
Soluble liver antigen autoantibody
Wilson’s disease evaluation
Copper, RBC
Copper, serum
Ceruloplasmin
Copper, 24-h urine
Quantitative liver copper
Hemochromatosis evaluation
Total iron
Iron binding capacity
Transferrin
Ferritin
Alpha-1-antitrypsin
Acetaminophen

Result

Reference range

624 U/L (H)
520 U/L (H)
156 U/L (H)
34.7 mg/dL (H)
14.8 mg/dL (H)
3.6 g/dL (L)
5.8 g/dL (L)

7-36 U/L
4-45 U/L
31-103 U/L
0.2-1.1 mg/dL
0.0-0.2 mg/dL
3.7-5.1 g/dL
6.2-8.6 g/dL

37.9 s (H)
3.5 (H)
< 6% (L)
18% (L)

9.1-11.9 s
< 1.2
> 50% activity
> 50% activity

2.3 ng/mL
235 U/mL (H)
51.1 ng/mL (H)
19.0% (H)
4.4 ng/mL

< 3.1 ng/mL
0-35 U/mL
1.6-4.5 ng/mL
0.5%-9.9%
< 6.3 ng/mL

Nonreactive
Reactive1
Nonreactive
< 10 IU/L
Nonreactive
Nonreactive
Not Detected
Not Detected
Not Detected
Positive1
Not Detected
Negative
Negative
Positive1
Not Detected
Negative
Not Detected
Negative
Negative
Negative
Negative
Nonreactive

Nonreactive
Nonreactive
Nonreactive
< 10 IU/L
Nonreactive
Nonreactive
Not detected
Not detected
Not detected
Negative
Not detected
Negative
Negative
Negative
Not detected
Negative
Not Detected
Negative
Negative
Negative
Negative
Nonreactive

Positive1
1:401
< 1:20
< 20.0 U
< 20.1 U

Negative
< 1:20
< 1:20
< 20.0 U
< 20.1 U

0.71 mg/L
95 μg/dL
22 mg/dL
1055 μg/d (H)
47 μg/g tissue

0.53-0.91 mg/L
70-140 μg/dL
17-48 mg/dL
3-50 μg/day
10-55 μg/g tissue

243 μg/dL (H)2
< 308 μg/dL (L)3
163 mg/dL (L)
3254 ng/mL (H)
91 mg/dL
< 10 μg/mL

23-202 μg/dL
240-520 μg/dL
198-386 mg/dL
8-350 ng/mL
83-199 mg/dL
10-20 μg/mL

1

Indicates positive result; 2(H) indicates value above the reference range; 3(L) indicates value below the reference range. AFP: Alpha-fetoprotein; EBV:
Epstein Barr virus; CEA: Carcinoembryonic antigen; CMV: Cytomegalovirus; CA 19-9: Carbohydrate antigen 19-9; AFP-L3: Lectin-reactive AFP percentage;
HSV: Herpes simplex virus; INR: International normalized ratio; PCR: Polymerase chain reaction; PIVKA: Protein induced by vitamin K absence.
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A

B

Figure 1 Histopathologic evaluation of explanted liver with Garcinia Cambogia associated fulminant hepatitis. A: Histopathologic examination demonstrates
large areas of panacinar necrosis with complete hepatocyte dropout, collapsed lobules, florid ductular reaction, and predominantly lymphocytic infiltrates (hematoxylineosin stain, original magnification × 200); B: Non-necrotic areas demonstrate hepatocyte ballooning, cholestasis, and mild lymphocytic infiltration. Occasional
apoptotic hepatocytes (acidophil bodies) were present (hematoxylin-eosin stain, original magnification × 400).

nuclear antibody, but no other positive autoantibodies.
Evaluation of Wilson’s disease demonstrated normal
ceruloplasmin and copper levels; however, 24-h urine
copper was elevated. Serum ferritin but not transferrin
was elevated.
Liver biopsy was performed and demonstrated
submassive necrosis with collapse of the hepatic architecture involving about 70% of the liver parenchyma.
Mild lymphocytic inflammatory infiltration and minimal
canalicular cholestasis were seen. No viral inclusions
or other infectious agents were identified by histology
or immunohistochemistry. No evidence of granuloma,
tumor, or features of cirrhosis were demonstrated.
Periodic acid-Schiff (PAS) stain with diastase was
negative for alpha-1 antitrypsin globules. Iron stain
showed only mild iron deposition in Kupffer cells and
hepatocytes. Quantitative tissue copper was within
normal limits (Table 1). Findings were felt to be potentially related to drug-induced liver injury.
After extensive questioning, the patient divulged
intake of Garcinia cambogia, purchased through the
Internet retailor Swanson Vitamins. He imbibed two 80
mg capsules of “Garcinia Cambogia 5:1 Extract” three
times daily before meals for five months preceding
initial presentation. Since not advised against intake,
he continued the supplement after initial presentation.
He denied any other medications or supplements and
reported no alcohol intake for two months.
The patient’s status declined and his mental status
deteriorated. He was listed status 1A for liver transplantation. He received an orthotopic liver transplant
from an ABO-identical brain dead donor and has
recovered without incident. Histopathologic examination of the explanted liver demonstrated near total
hepatic necrosis with massive hepatocellular dropout
and mixed inflammatory cell infiltrates, consistent with
severe drug-induced liver injury (Figure 1).

DISCUSSION
Americans spent approximately 59.8 billion dollars
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[6]

on weight loss products in 2014 , and an estimated
10.1% of obese Americans have purchased over-thecounter supplements for weight-loss. Unfortunately,
utilization does not correlate with sustained weight[7]
loss . One product that has been heavily marketed as
a “revolutionary fat buster” and a “magical ingredient”
to promote weight loss is G. cambogia. This extract
from the rind of the G. cambogia fruit is currently contained in 655 currently marketed products according
[8]
to the Natural Medicine Comprehensive Database .
These include “purified” supplement pills, multivitamins, and even energy drinks with widely disparate
compositions, dosage, and potential contaminants.
The particular brand of Garcinia cambogia in
this case was “Swanson Premium Brand Garcinia
Cambogia 5:1 Extract,” reported to contain 80mg of a
5:1 concentrate of G. cambogia (equivalent to 400mg
of standard preparation). Other listed ingredients
include rice flour, gelatin, magnesium stearate, and
silica. The company reports that they do no assay
for the hydroxycitric acid concentration, the fruit
derivative reportedly responsible for weight-loss
[9]
benefits of Garcinia cambogia . This is of note since
hydroxycitric acid is the main derivative thought to
be responsible for the weight-loss benefits of Garcinia
cambogia. Mechanistically, it acts to prevents citric acid
metabolism resulting inhibition of de novo fatty acid
[10]
synthesis .
G. cambogia was also a main active ingredient in
®
the weight-loss supplement Hydroxycut (Iovate Health
Sciences, Inc., Oakville, ON), which has known hepa[11-16]
toxicity
. In May 2009, the FDA issued a consumer
®
warning recalling all Hydroxycut products due to 23
hepatotoxicity cases. Prior to 2004, the formulation
also contained ephedra, which was removed following
the FDA ban. However, ten of 23 cases of hepatotoxicity, including the patient death, occurred after the 2004
[17]
reformulation to remove ephedra . G. cambogia was
®
present in Hydroxycut following the 2004 reformulation, but additional cases of hepatotoxicity occurred
and a second FDA warning resulted in a second recall

10074

December 7, 2016|Volume 22|Issue 45|

Lunsford KE et al . Garcinia cambogia -associated hepatic failure
in 2009. The supplement was again reformulated and
remarketed. G. cambogia is absent from the currently
®
marketed formulations of Hydroxycut .
Although G.cambogia has been suggested as the
putative cause of the banned supplement’s hepatotoxic
[16]
effects , there is no definitive evidence. The majority
of G. cambogia formulation associated with hepatotoxicity have been mixed supplements were a definitive
causal relation could not be drawn. However, in the
past several months, several cases of G. cambogia
[18,19]
associated acute liver failure have been reported
,
reinforcing the toxic potential of this particular supplement. Agreement upon the actual liver toxicity of
G. cambogia has been mixed, and the majority of
[20]
evidence is drawn from rodent models . The product
can induce liver inflammation, fibrosis, and oxidative
stress in mice. In one such study, supplement intake
increased collagen deposition, elevated liver function
tests, induced inflammatory cytokines, and stimulated
[21]
oxygen free-radicals . However, supplement advocates cite rodent models in which G. cambogia demonstrates hepatoprotective effects, including decreased
hyperlipidemia and hepatic oxidative stress in rats fed
[22]
with a high-fat diet .
This is one of the first reported cases of acute
liver failure specifically associated with a “purified”
supplement of G. cambogia. The patient had histologic
evidence of drug-induced liver injury in the absence of
other medication or alcohol use. Viral, autoimmune,
and genetic (i.e., hemochromatosis and Wilson’s
disease) causes of acute liver failure were definitively
ruled-out, and G. cambogia intake was the only apparent risk factor. Unfortunately, independent laboratory
evaluation of the supplement was not performed,
which could have identified potential contaminants
and verified manufacturer reported composition. While
evidence from a case report rarely offers indisputable
proof of causality, this case, in conjunction with known
cases of hepatotoxicity and liver failure associated with
other G. cambogia-containing supplements warrants a
high index of suspicion.
Conditions predisposing patients to liver toxicity
associated with Garcinia cambogia and like products
remain unidentified. Acute liver failure from supplement ingestion appears relatively rare compared
to their widespread use. Certain patients may have
genetic predisposition or pre-existing liver damage,
compounding hepatotoxicity. Cytochrome P450 is
most commonly responsible for hepatic metabolism
of drugs, and genetic polymorphisms in cytochrome
P450 genes have previously be shown to result in
toxic accumulation of certain drugs or metabolites.
For example, toxicity associated with weight-loss
supplements containing N-nitrofenfluramine has been
[23]
associated with cytochrome CYP2C19 phenotypes .
Mitochondrial injury, suggesting of toxic accumulation
of N-nitrofenfluramine, was associated with a poor
metabolizer phenotype; while, mitochondrial injury
was absent in extensive metabolizers of the drug. One
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extensive metabolizer developed hypersensitivityassociated hepatitis related to drug ingestion; however, mitochondrial injury was absent. Toxicity to G.
cambogia may have incomplete penetrance due to
a similar dependence upon genetic polymorphisms.
Alternatively, injury may be more likely as a second
hit in the setting of pre-existing liver damage. At our
institution, a second case of G. cambogia-associated
acute liver failure was identified; however, the patient
had a remote history of heavy binge drinking with final
pathology suggestive of early fibrosis. Drug-induced
hepatotoxicity could not be definitively diagnosed due
to this history, but the association with ingestion of
large quantities of G. cambogia was suspicious, given
that the degree chronic liver disease insufficiently
accounted for her acute hepatic failure.
While additional research is necessary to further
identify the link between Garcinia Cambogia and
severe liver damage, public warning to potentially
deadly side effects is necessary. This case emphasizes
the need for direct questioning regarding dietary
supplement intake in any case of acute hepatic injury.
Manufacturers compliance with current regulations
regarding contaminants is insufficient to preclude
consumer toxicity, and increased public awareness
of these dangers is crucial. Current regulation and
oversight of the dietary supplement market should
be scrutinized to improve supplement purity and
identification of dangers. Endorsements by medical
media celebrities and claims of “miracle results”
should be carefully monitored for veracity. This case
bears concerning similarity to those of Hydroxycutassociated liver failure, suggesting that although the
product name may change, deadly side effects remain
the same.

COMMENTS
COMMENTS
Case characteristics

The patient initially presented with symptoms of nausea, vomiting, abdominal
pain, and symptoms progressed to include confusion, coagulopathy, and
jaundice.

Clinical diagnosis

Evaluation for viral, genetic, and antibody mediated causes of hepatitis were
largely negative with histological evidence of near total hepatic necrosis on
biopsy.

Differential diagnosis

Alternative autoimmune, viral, and genetic causes of acute liver failure must be
excluded. In the absence of these, careful questioning regarding medications,
herbal supplements, and energy drinks must be undertaken.

Laboratory diagnosis

Negative laboratory evaluation for autoimmune, viral, and genetic causes
of acute liver failure in the presence of elevated liver function tests and
coagulopathy should raise clinical suspicion for drug-induced liver injury.

Imaging diagnosis

Magnetic resonance imaging with Eovist contrast demonstrated interval
development of heterogeneous, enhancing nodularity with portal venous
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washout, unlikely to be an infiltrative tumor process.
9

Pathological diagnosis

Explant pathology demonstrated near total hepatic necrosis with massive
hepatocellular dropout and mixed inflammatory cell infiltrates.
10

Treatment

Patient received liver transplantation with complete resolution of symptoms.
11

Related reports

Acute liver failure and severe hepatotoxicity has been associated multiple
dietary supplements utilized for weight loss. These include the supplement
Hydroxycut ®, which was removed from the market by the FDA and has
undergone several reformulations.

12

Term explanation

13

Garcinia cambogia - tree grown in southwestern India. Extracts from the rind of
the fruit from this tree are high in hydroxycitric acid and are marketed as weightloss supplements.

14

Experiences and lessons

Careful questioning of any patient presenting with liver function abnormalities or
acute liver failure should prompt questioning regarding dietary supplement and
energy drink consumption. Patients with acute liver failure should be promptly
referred to a transplant center for treatment.

15
16

Peer-review

This article presents one of the first known cases of hepatotoxicity associated
with intake of the dietary supplement Garcinia cambogia. Reviewers felt the
article was timely and well written. They requested additional information
regarding dosage of the supplement as well as some additional discussion
regarding its effects.
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Romy Zemel, Petach-Tikva

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

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

January 1, 2016

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

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

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

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Frank I Tovey, London
Dhiraj Tripathi, Birmingham

VIII

Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
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Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
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Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
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nature of disease often leads to late diagnosis and
five-year survival rates of less than 15%. Current dia
gnostic tools are restricted to invasive and costly
endoscopy and biopsy for histopathology. Minimally
and non-invasive biomarkers of esophageal cancer are
needed to facilitate earlier detection and better clinical
management of patients. This paper summarises recent
insights into the development and clinical validation of
esophageal cancer biomarkers, focussing on circulating
markers in the blood, and the emerging area of breath
and odorant biomarkers.
Key words: Breath analysis; Cancer; MicroRNA; Noninvasive; Esophageal cancer; Biomarker
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The current “gold standard” test for detection
of esophageal cancer is endoscopic imaging and
confirmation by biopsy. There are several barriers
to endoscopy as a clinical tool to monitor patients at
high risk of esophageal cancer, including high capital
and personnel costs and the invasive nature of the
procedure. This paper highlight new insights into the
development and clinical validation of circulating and
breath biomarkers of esophageal cancer.
Yazbeck R, Jaenisch SE, Watson DI. From blood to breath:
New horizons for esophageal cancer biomarkers. World J
Gastroenterol 2016; 22(46): 10077-10083 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i46/10077.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i46.10077

Abstract
Esophageal cancer is a lethal cancer encompassing
adenocarcinoma and squamous cell carcinoma subtypes. The global incidence of esophageal cancer is
increasing world-wide, associated with the increased
prevalence of associated risk factors. The asymptomatic
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INTRODUCTION
th

Esophageal cancer is the 6 leading cause of cancer
[1,2]
related mortality death worldwide . Histologically it is
classified into two sub-types, squamous cell carcinoma
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and adenocarcinoma, each with a specific cellular
[3,4]
origin, pathogenesis and epidemiology .
The current gold standard techniques for the
detection and diagnosis of esophageal cancer, endo
scopy and biopsy, are invasive. Furthermore, due
to the lack of symptoms at earlier disease stages,
presentation and diagnosis usually occurs late, leading
to poor prognosis and 5 year survival rates as low
[4,5]
as 15% . Early diagnosis is associated with much
[4]
higher 5 year survival rates , and when confined
to the mucosa disease specific survival rates of up
[6]
to 98% are reported . Better diagnostic methods
are needed to shift the majority of diagnoses to the
earliest stages, and expanded access to conventional
endoscopy and wider use in a screening context is not
cost effective. Minimally and non-invasive biomarkers,
primarily in the blood and breath, represent the
most likely candidates to facilitate early detection of
esophageal cancer.
Several candidate biomarkers for esophageal
cancer have been proposed. However, their translation
into clinical use has been slow. Biomarkers can be
broadly defined as quantifiable parameters that assist
[7,8]
in distinguishing normal from pathological processes
with applications for diagnosis, prognosis and tailoring
[9]
of patient treatment . In this paper we summarise
recent insights into the development and clinical
validation of esophageal cancer biomarkers. Whilst we
recognise that there is a significant body of research
which has been undertaken evaluating tissue based
biomarkers in esophageal cancer, this review has
deliberately focussed on minimally invasive and noninvasive methods for detection of esophageal cancer,
principally circulating markers in the blood, and the
emerging area of breath and odorant biomarkers.
The development of robust, minimally invasive, cost
effective biomarkers for early cancer will change
current diagnostic, prognostic and surveillance para
digms, and could open the possibility of population
screening.

SQUAMOUS CELL CARCINOMA
Esophageal squamous cell carcinoma is the most
frequently diagnosed subtype of esophageal cancer
[10]
worldwide
and typically arises in the mid and
[10]
lower thirds of the esophagus . The highest pre
valence of squamous cell carcinoma is found within
[11]
regions of Eastern Asia , largely attributed to the
prevalence of risk factors such as tobacco smoking
and the consumption of herbal tea maté and pickled
[12,13]
vegetables
. Conversely, in Westernised societies
such as the United States and Australia, incidence
rates of squamous cell carcinoma have been in dec
line since 1998, largely due to a decline in cigarette
[4,12,14]
smoking
.
The pathogenesis of squamous cell carcinoma is
highly complex, involving an accumulation of genetic
modifications within the esophageal mucosa, causing
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progressive changes that result in invasive carci
[15,16]
noma
. Environmental factors, diet, smoking and
alcohol consumption have been strongly implicated
in the molecular mechanisms for squamous cell car
cinoma; however, evidence of a causal relationship is
[15,17]
lacking
. Genetic mutations within cyclin D1 and
the tumour suppressor gene, TP53, are among the
most frequently isolated genetic abnormalities from
[15]
esophageal squamous cell carcinomas .
TP53 is a tumour suppressor gene with roles in DNA
repair and cell cycle arrest, and is the most common
mutation found in cancers, including esophageal
[15,17,18]
squamous cell carcinoma
. TP53 mutations have
been reported in as little as 10% and up to 80% of
[19]
esophageal squamous cell carcinoma . Additionally,
mutations to the TP53 gene are also found in dysplastic
[15,16]
lesions
, indicating TP53 mutations may be an
event in the early stages of esophageal squamous cell
carcinoma carcinogenesis. TP53 mutations produce
abnormal TP53 protein that accumulates in the
nuclei of cells which may be identified by immuno
[15,19,20]
histochemistry
. Positive p53 staining has been
demonstrated in the non-cancerous cells adjacent to
[19]
tumors
and in cells lacking the commonly identified
[20]
TP53 mutations ; indicating poor specificity and
sensitivity of the technique and potentially additional
mutations within the gene accounting for the positive
[20]
staining .

ESOPHAGEAL ADENOCARCINOMA
Esophageal adenocarcinoma is a highly lethal tumour
usually developing in the lower third of the esophagus,
[21]
or at the gastro-esophageal junction . Incidence rates
have risen gradually in developed countries since 1984,
with a 4% increase in the incidence of adenocarcinoma
[22]
in Australia between 1988 and 2005 . Adenocarcinoma
is most prevalent in males, the elderly and the obese.
However, the most significant risk factor identified for
[12,23,24]
adenocarcinoma is Barrett’s esophagus
.
Barrett’s esophagus is a metaplastic condition
of the esophageal epithelium, affecting up to 2% of
[6]
the adult population . It is defined histologically by
the replacement of the normal stratified squamous
epithelium with a columnar epithelium with intestinal
metaplasia defined by the presence of goblet cells, as
[24]
a result of chronic gastro-esophageal reflux disease .
Gastro-esophageal reflux disease is characterised by
increased acid and bile exposure to the esophageal
mucosa, a consequence of extended relaxation of
the lower esophageal sphincter, which may lead to
[25]
esophagitis and progress to Barrett’s esophagus .
The development of Barrett’s epithelium is considered
a protective mechanism, as columnar epithelium is
more resistant to the harmful effects of acid and bile
than the normal stratified squamous epithelium of the
[26]
esophagus . However, Barrett’s esophagus, is also a
hyper-proliferative condition, susceptible to malignant
[27]
progression in some individuals . Dysplasia is one of

10078

December 14, 2016|Volume 22|Issue 46|

Yazbeck R et al . New biomarkers for esophagus cancer
the initial changes identified with malignant progression,
characterised by cellular distortion and changes in the
[28]
nuclei such as crowding and hyperchromatism .
Patients with Barrett’s esophagus have varied
[29]
risk of progression to adenocarcinoma , with some
studies suggesting 40%-75% of cases of esophageal
adenocarcinoma lack evidence of Barrett's eso
[30,31]
phagus
. It has been suggested the absence of
any evidence of Barrett’s esophagus could suggest an
[31]
alternate, yet to be identified, pathogenic pathways ,
and that Barrett’s esophagus is simply a strong risk
factor in a subset of the population, but not a nece
ssary carcinogenic step in the development of eso
[32]
phageal adenocarcinoma . However, the absence
of useful tools for the early identification and ongoing
assessment of Barrett’s esophagus and progression
to adenocarcinoma has made assessment of this
relationship challenging.

CURRENT DIAGNOSTIC METHODS OF
ESOPHAGEAL CANCER
The diagnosis of esophageal cancer and its prema
lignant lesions is currently limited to endoscopy and
[11]
subsequent biopsy analysis . Endoscopy is a highly
[33,34]
invasive and costly diagnostic procedure
and
is the current gold-standard diagnostic technique
[4]
for esophageal cancer and its precursor lesions .
Standard white light endoscopy is limited in its
scope, restricted to the identification of macroscopic
abnormalities that may indicate cancer, such as
nodules and ulcers, consequently failing to identify
[4]
early lesions that appear macroscopically normal .
Whilst Barrett’s esophagus is visible endoscopically,
dysplasia within the Barrett’s segment is more difficult
to identify as lesions are often flat and difficult to
distinguish from surrounding non-dysplastic columnar
[33]
epithelium .
Classification of dysplasia is subjective and studies
have shown differentiation between grades of dysplasia
is highly variable amongst pathologists, leading to
[5,35]
incorrect diagnosis and un-necessary procedures
.
Likewise, random biopsy protocols is prone to sampling
[36]
error , furthering the potential for misdiagnosis.
Surveillance using endoscopy and biopsy is generally
recommended for patients with Barrett’s esophagus,
in order to diagnose esophageal cancer at its earliest
[37]
stage . As a result of the low progression rate of early
lesions, such as Barrett’s esophagus to adenocarcinoma
and the costs of endoscopy surveillance, it may not
be cost effective to employ the current diagnostic
procedures in surveillance programs for esophageal
cancer, and screening programs have never been
[35]
considered feasible . Thus, there is an acute need for
the development of more selective and less invasive
diagnostic techniques for individuals at risk of eso
phageal cancer.
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EMERGING BIOMARKERS OF
ESOPHAGEAL CANCER
Blood biomarkers

Autoantibodies have drawn appeal as serology markers
for esophageal cancer, owing to their stability and
persistence in serum samples. With improvements
in antibody detection technologies improving the
detection limits, there is a growing interest in the
utility of autoantibodies as diagnostic and prognostic
biomarkers for esophageal cancer. Perhaps the most
comprehensively investigated has been the tumour
suppressor gene, TP53. The protein product of TP53
is a nuclear phosphoprotein and in normal human
plasma, the TP53 protein and anti-p53 antibodies are
[38]
absent . p53 mutations can cause accumulation
of non-functional protein that has increased stability
[38]
and a longer half-life than the native protein . The
subsequent production of anti-p53 has been detected
in tissue, blood and other body fluids of several cancer
types, including esophageal cancer. A meta-analysis
[38]
by Zhang et al
summarizing the diagnostic value
of anti-p53 for esophageal cancer found that patients
with esophageal cancer were seven times more likely
to be positive for plasma anti-p53 compared to noncancer controls. However, despite the high specificity,
the authors reported low sensitivity, suggesting limited
clinical application.
More recently, a systematic review investigated
the diagnostic utility of 35 different circulating
autoantibodies, both alone and in combination, as
biomarkers for the early detection of esophageal
[39]
cancer . Although the study did not distinguish
between the two esophageal cancer sub-types, the
majority of the studies included in the review were
esophageal squamous cell carcinoma, a greater
world-wide burden of this variant compared to the
[39]
adenocarcinoma sub-type . Although the vast majority
of studies reviewed reported positive associations
between their candidate biomarker, and esophageal
cancer, with high specificity reported, the sensitivity
values were generally too low to be of any clinical
[39]
significance . However, combinations of autoantibodies
did slightly improve the median sensitivity. The authors
also conducted a meta-analysis on the diagnostic
value of anti-p53, reporting a significant association of
serum anti-p53 with esophageal cancer, with sensitivity
[39]
of 91.4% and specificity of 65% , contrasting their
[38]
previous findings for meta-analysis of anti-p53 .
Six serum biochemical markers that included
anti-p53, carcinoembryonic antigen, squamous cell
cancer antigen, cytokeratin 21-1 fragment (CYFRA21-1),
vascular endothelial growth factor-C and microRNA
(miRNA) were reviewed in a meta-analysis by Zhang
[40]
et al . Although each biomarker candidate was
associated with a positive odds ratio for esophageal
cancer, and high specificity values by receiver operating
characteristic curves, the sensitivity for each test was
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[40]

again low, with high variability between studies .
Although the authors suggest that combinations of the
serum markers are likely to yield better sensitivity and
specificity, it is more likely that the better designed,
more robust, prospective, multi-centre studies are
needed to better optimise and validate candidate serum
biochemical markers.
Circulating tumor cells (CTCs) originate from the
primary tumor, and are released into the circulation,
where they may form micro-metastases. Various
assays have been developed and used to assess
the diagnostic and prognostic potential of CTCs in
several cancer types, including breast, colorectal,
[41]
gastric and esopahgeal cancer . A recent meta[42]
analysis by Qiao et al
aimed to determine the
association between CTCs and clinicopathological
characteristics and prognosis (tumor stage, lymph
node metastasis, distant metastasis and patient
survival) in esophageal cancer. The presence of CTCs
was found to correlate strongly with poor overall
patient survival, and predicted poor progression
free survival in Asian populations with esophageal
[42]
squamous cell carcinoma . CTCs also correlated with
venous invasion and metastasis to local lymph nodes
(N-staging). New methodologies to quantify circulating
tumor DNA might also offer new diagnostic potential,
but more work is needed to evaluate this possibility.
Blood biomarkers for esophageal cancer represent
new tools for the early detection and prognosis.
However, despite the large number of candidate
markers that have been published, there remains a
paucity of large, well-designed, prospective multicentre validation studies for both esophageal squamous
cell carcinoma and esophageal adenocarcinoma.

CIRCULATING miRNA
miRNA’s are single stranded, non-coding RNA’s that
[43,44]
can regulate gene and protein expression
. miRNAs
are abundantly expressed in a stable form, with highly
consistent levels amongst individuals in a range of
extracellular fluids including blood serum and plasma,
and have drawn attention as biomarkers for cancer and
[43,44]
disease
. Recent studies have reported plasma/
serum circulating miRNAs to be potential diagnostic
and prognostic markers in some gastrointestinal
cancers - esophageal squamous, esophageal adeno
[43,44]
carcinoma, gastric and colorectal
. Although still an
emerging area of research, recent meta-analyses have
highlighted the potential of circulating miRNAs for the
detection of esophageal cancer.
[45]
A review by Wang et al
of eight manuscripts
investigated a total of 16 different types of miRNAs in
serum and saliva of Asian esophageal squamous cell
carcinoma patients. The authors reported relatively
high sensitivity and specificity values for combination
and single miRNA markers, suggesting some diagnostic
[45]
application . The prognostic utility of miRNAs have
[46]
also been reviewed, with Fu et al
reporting on 39
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potentially prognostic miRNAs in 25 individual studies.
miR-21 and miR-375 were found to be potentially
[46]
prognostic of overall survival . However, the small
number of manuscripts that could be included in the
study, and the lack of validation studies performed
using the miRNA markers limits the conclusions that
can be drawn for translational application. A more
[47]
comprehensive meta-analysis by Fu et al
found
that although increased expression of miR-21 and
decreased expression of miR-375 were significantly
associated with poor overall survival in esophageal
cancer, both miR-21 and miR-275 were associated with
low hazard ratios.
Circulating miRNAs have also been investigated
as biomarkers of esophageal adenocarcinoma and
the pre-cursor condition, Barrett’s esophagus. In a
retrospective study of bio-banked serum samples
[43]
from esophageal cancer patients, Chiam et al
identified five miRNA ratios, derived from ten unique
miRNAs that were discriminatory for esophageal
adenocarcinoma over non-dysplastic Barrett’s eso
phagus and healthy controls. The predictive accuracy
of the miRNA ratios was enhanced with stepwise
addition of each miRNA ratio to an analysis of the
[43]
cancer patient’s blood sample , highlighting the
potential for biomarker combination approaches to
enhance test specificity and sensitivity.

BREATH BIOMARKERS
Breath analysis represents an attractive modality for
the early detection of cancer, as it is completely noninvasive, relatively cheap compared to conventional
methods, and provides a rapid result following sample
collection. Breath volatile organic compounds (VOCs)
as biomarkers of disease have been recognised
since the time of Hippocrates in Ancient Greece, who
described fetor hepaticus and fetor oris in his treatise
[48]
on breath aroma and disease . It is now known that
a single human breath is a complex gas mixture of
more than 2000 unique VOCs, representing a reservoir
[49]
of potential cancer biomarkers . Breath VOCs have
already shown clinical utility as possible biomarkers
[50,51]
[52,53]
[54]
[55]
for lung
, breast
, prostate , colorectal ,
[56]
gastric and recently, esophageal cancer.
Many studies have associated breath alkanes with
cancer, presumably as a bi-product of oxidative stress
[57]
pathways . Breath ethane has previously been
investigated in late stage esophageal squamous cell
carcinoma and adenocarcinoma, with no differences
[58]
compared to healthy controls . More advanced
technologies have since been used to characterise
VOCs associated with esophageal cancer. Headspace
[59]
[60]
analysis of urine
and gastric contents
from
esophageal cancer patients by selected ion flow tubemass spectrometry identified several VOCs that were
differentially regulated compared to healthy controls.
However, there was no predominant group of VOCs in
the cancer group.
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The first breath analysis study to define breath
VOCs in esophageal cancer identified a phenols
dominant expression pattern, with phenol, methyl
phenol, ethyl phenol and hexanoic acid significantly
increased in esophageal cancer compared to healthy
[61]
controls . In the most comprehensive study to date,
[62]
Kumar et al investigated breath VOCs in esophageal
squamous cell carcinoma, esophageal adenocarcinoma,
Barrett’s esophagus, benign conditions and gastric
adenocarcinoma, compared to healthy controls. A
total of 12 VOCs, comprised of phenols, aldehydes and
fatty acids were identified as being discriminatory for
esophageal cancer and gastric cancer compared to
[62]
normal upper gastrointestinal (GI) tract . Additionally,
the authors found the VOC profile distinguished
esophageal cancer from Barrett’s metaplasia and from
benign conditions of the upper GI tract (which included
esophagitis, esophageal stricture, and esophageal
candidiasis). Developing a risk prediction model,
the authors reported eight significant predictors for
adenocarcinoma: decanal, nonanal, phenol, ethyl
phenol, methyl phenol, hexanoic acid, heptanal, and
butyric acid, with sensitivity and specificity of 98%
and 91.7% respectively when compared to normal
[62]
upper GI tract . Furthermore, the model accurately
discriminated esophageal adenocarcinoma from noncancer controls (benign conditions, Barrett’s meta
plasia and normal upper GI tract), with sensitivity
[62]
and specificity of 87.5% and 82.9% respectively .
Interestingly, no differences in VOCs were detected
between early and late stage cancers, or between
tumour size and concentrations of VOCs.
Proton Transfer Reaction-Mass Spectrometry has
recently been used to identify breath VOCs in a small
[63]
study of Chinese esophageal cancer patients . Although
the study did not differentiate between esophageal
squamous cell carcinoma and esophageal adeno
carcinoma, the authors reported 20 ion peaks in the
full mass spectra that were significantly different
[63]
in cancer patients compared to healthy controls .
Using stepwise discriminant analysis, the authors
identified seven ions that were highly discriminatory
[63]
for esophageal cancer . In contrast to the study by
[62]
Kumar et al
the authors also suggested that their
predictive model discriminated for early and late
stage cancer. However, these interpretations should
be carefully balanced against the small participant
numbers used in the study.

CTCs have shown the most promise as diagnostic
and prognostic markers of esophageal cancer, with
recent meta-analyses supporting their use. However,
the absence of well-designed, robust clinical validation
trials in large patient cohorts largely limits the power
of these meta-analyses. This is highlighted by the lack
of differentiation between esophageal squamous cell
carcinoma and esophageal adenocarcinoma, despite
distinct pathologies and molecular profiles.
Circulating miRNAs have emerged as promising
new biomarkers of esophageal cancers. Despite their
promise, several studies have limited their focus to
esophageal squamous cell carcinoma, and small clinical
cohorts, with many focussing on single miRNAs rather
than combined approaches. Advances in bioinformatics
have facilitated analysis of large, complex miRNA
microarray datasets, and future studies are likely to
employ combined approaches for miRNA analysis.
The emerging field of breath and gas analysis for
cancer detection represents a completely non-invasive
approach to early detection, and ongoing screening of
at risk individuals. With improvements in the sensitivity
of VOC detection technologies, it is likely that the
pool of possible breath and odorant biomarkers will
significantly increase. Despite relatively few studies
having investigated breath biomarkers in esophageal
cancer, the initial predictive models have shown some
promise. Moving forward in this rapidly developing
field, it is critical that standardised approaches to the
collection of breath samples are employed, to minimise
study heterogeneity. Furthermore, with little evidence
to support the biological origins of VOCs, mechanistic
studies to better understand how VOCs are produced
in cancer cells will help to improve the sensitivity and
specificity of future tests.
As the incidence of esophageal cancer continues
to grow world-wide, new diagnostic and prognostic
tools are needed to improve survival and direct clinical
management. The advances being made in new
minimally and non-invasive biomarkers represents a
suite of ancillary tests that could stratify patients for
endoscopic and other imaging modalities, ultimately
leading to improved patient care. While it is unlikely
that there will ever be a single “silver bullet” biomarker,
the most likely scenario will be derived from predictive
algorithms based on multiple biomarkers, which could
also include combinations of blood and breath analysis.

CONCLUSION
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Abstract
Mammalian sirtuins are seven members belonging to

WJG|www.wjgnet.com

the silent information regulator 2 family, a group of
Class Ⅲ histone/protein deacetylases. Sirtuins (SIRT
1-7) have different subcellular localization and function
and they regulate cellular protein function through
various posttranslational modifications. SIRT1 and 3,
the most studied sirtuins, use the product of cellular
metabolism nicotinamide adenine dinucleotide as a
cofactor to post-translationally deacetylate cellular
proteins and consequently link the metabolic status of
the cell to protein function. Sirtuins have been shown to
play a key role in the development and rescue of various
metabolic diseases including non-alcoholic fatty liver
disease (NAFLD). NAFLD is currently the most chronic
liver disease due mainly to high-calorie consump
tion and lower physical activity. No pharmacological
approach is available to treat NAFLD, the current
recommended treatment are lifestyle modification
such as weight loss through calorie restriction and
exercise. Recent studies have shown downregulation of
sirtuins in human as well as animal models of NAFLD
indicating an important role of sirtuins in the dynamic
pathophysiology of NAFLD. In this review, we highlight
the recent knowledge on sirtuins, their role in NAFLD
and their unique potential role as novel therapeutic
target for NAFLD treatment.
Key words: SIRT1; SIRT3; Sirtuins; Non-alcoholic fatty
liver disease
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
leading cause of chronic liver disease with no effective
pharmacological therapy. The discovery of treatment
is hindered by the insufficient understanding of the
pathophysiology of the disease. Sirtuins are key players
in hepatic carbohydrate and lipid metabolism, insulin
signaling, and inflammation and hence may represent
a novel therapeutic target for NAFLD. However, the
particular role for each sirtuin, the cross talk between
sirtuins in different cell compartments or within a given
organelle, and the development of selective sirtuins
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activators/inhibitors still need further investigation.
Nassir F, Ibdah JA. Sirtuins and nonalcoholic fatty liver disease.
World J Gastroenterol 2016; 22(46): 10084-10092 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i46/10084.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i46.10084

INTRODUCTION
Non-alcoholic fatty liver diseases (NAFLD) is emerging
as the leading cause of chronic liver diseases affecting
one billion of people in the world. The current model for
NAFLD pathophysiology, “the multiple-hit hypothesis”,
characterizes NAFLD as the manifestation of both
genetic and environmental factors, dysfunction of
various organs and organelles, as well as the complex
interaction between hepatocytes and other cells (e.g.,
[1]
Kupffer and stellate cells) in the liver . Moreover, the
liver is a hub for many metabolic pathways making
NAFLD a multistage, progressive disease with systemic
consequences. NAFLD is commonly associated with
obesity, insulin resistance and enhanced risk of
[2-6]
cardiovascular disease and mortality . Importantly,
cardiovascular diseases are the main cause of
morbidity in NAFLD patients. High-calorie consumption
and lower physical activity have contributed to the
rise in the prevalence of NAFLD. To date, no approved
pharmacological approaches are available to treat
NAFLD, the current confirmed recommendations
for NAFLD are lifestyle modifications such as weight
loss through caloric restriction (CR) and increased
[7-9]
physical activity . Therefore, a pressing need for
developing new novel pharmacological treatments, is
still remaining. An inclusive pharmacological approach
would be one that addresses the pathogenic complexity
of NAFLD. Currently, sirtuins have been under intense
investigation as a novel therapeutic target for the
treatment of NAFLD. In this review, we summarize
the current knowledge on the pathophysiology of
NAFLD and on the sirtuins as a potential target for the
treatment of NAFLD.

NAFLD PATHOPHYSIOLOGY
NAFLD is a spectrum of liver diseases that occurs
in the absence of excessive alcohol intake or viral
infection. It includes hepatic steatosis (> 5% of fat
in the liver), nonalcoholic steatohepatitis (NASH, fat
deposit with inflammation), cirrhosis and hepatocellular
[9-12]
carcinoma
. NAFLD is currently the most widespread
form of liver disease affecting 10%-30% of all ages
from childhood to adult population, and is predicted
to be the leading cause of liver pathology and liver
[13,14]
failure in the coming years
. NAFLD is more pro
minent in obese and insulin resistant individuals
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affecting 70%-90% in these populations
. NAFLD
is also present in 10%-20% of the general pediatric
population; this proportion increases to 50% in obese
[13,17-22]
children in western society
. A more recent study
suggests that metabolic derangements may start early
in life, even in utero. Exposure to excess fuel in fetal
[23,24]
life may result in NAFLD in the offspring
.
Our understanding of the mechanisms involved
in the pathophysiology of NAFLD are insufficient
to pinpoint the major determinants involved in the
development and progression of the disease and to
develop therapeutic strategies for NAFLD. Studies
on genetic and molecular factors involved in NAFLD
clearly implicate lipid and glucose metabolism in the
development of the disease. Moreover, functional
studies implicate the different cell population in the
liver as well as interaction between the liver, adipose
tissue, gut and the muscle in the pathogenesis
of NAFLD. In contrast to the “two-hit hypothesis”
[25]
proposed by Day
in which hepatic accumulation of
st
triglyceride (TG) (“1 hit”) sensitizes the liver to additional
insults such as oxidative stress and pro-inflammatory
nd
cytokines (“2 hit”) resulting in NASH. The current
understanding, “the multiple parallel hypothesis”,
refers to NAFLD as a systemic, multifactorial disease
involving multiple organs, such as adipose tissue,
muscle and the intestine, and organelles such the
endoplasmic reticulum and the mitochondria.

Hepatic steatosis

Hepatic steatosis, which is previously considered as
the benign form of NAFLD, results from an imbalance
between influx of fatty acids to the liver from the
diet, adipose tissue lipolysis or de novo lipogenesis;
and their oxidation or export in the circulation as very
[9]
low density lipoproteins (VLDL) . Failure of insulin to
suppress lipolysis in insulin resistant adipose tissue is
[26,27]
commonly associated with NAFLD
. Moreover, it is
estimated that in NAFLD patients, roughly 60% of fatty
acids in the liver originate from adipose tissue, 25%
[28]
from de novo lipogenesis, and 15% from the diet .
Interestingly, both β-oxidation of fatty acids in the liver
and VLDL secretion, are initially upregulated in nonalcoholic fatty liver in an attempt to compensate for
[29-32]
the rise in fatty acids in the liver
. However, this
short term compensatory mechanism is insufficient
to sustain the ongoing influx of fatty acid to the liver
[30-32]
leading to liver injury
. NASH patients have lower
VLDL secretion and lower fatty acid oxidation (FAO)
[30,31]
than patients with fatty liver
.

Non-alcoholic steatohepatitis and fibrosis

Non-alcoholic steatohepatitis (NASH) is a more severe
form of NAFLD that is generally defined by the presence
of steatosis with inflammation and cellular damage.
Fibrosis is commonly described as an irreversible
scarring of liver tissue with excessive presence of
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extracellular matrix. The presence of fibrosis is one
of the most important predictors of NAFLD related
[10,33]
mortality
. The current understanding of NASH
[34,35]
pathogenesis follows a multiple hits model
that
implicate multiple stressors. Lipotoxicity, endoplasmic
reticulum stress, adipose tissue derived adipokines
(TNFα and IL6), gut endotoxins and LPS produced by
gut microbiota that drift into to the liver through the
portal vein due to changes in the intestinal permeability
in NAFLD, and oxidative stress trigger inflammatory
response and progressive liver damage. Inflammation
can sometimes precede steatosis, and patients with
NASH can present without much steatosis suggesting
that inflammation can sometimes occur first. Recent
studies have also shown that individuals with hepatic
steatosis may progress to fibrosis in a relatively
[36,37]
short period of time (3-7 years)
. NAFLD patients
may be classified into two categories, slow and fast
progressors. The slow progressors may develop
NASH but no fibrosis while the fast progressors may
develop fibrosis and sometimes skip NASH stage of
[38]
the disease . Changes in mitochondrial function is
an important mechanism that may drive the switch
from hepatic steatosis to NASH. Several reports
indicate that mitochondrial respiration is elevated in
[29,30]
NAFLD patients
. However, in humans with NASH,
respiration may be uncoupled from ATP production,
causing significant increases in reactive oxygen species
[30]
(ROS) . Importantly, elevated ROS production was
associated with an increase in detoxification and
antioxidant capacity in hepatic steatosis, but not in
NASH, indicating that mechanisms to cope with excess
[30]
ROS generation may be insufficient in NASH .

ROLE OF SIRTUINS IN NAFLD
Sirtuins are a group of proteins that belong to the
family of silent information regulator 2. Sirtuins have
been shown, in recent years, to play an important role
in the pathophysiology of various metabolic diseases
[39]
including NAFLD . Sirtuins are implicated in many
cellular and physiological functions including hepatic
glucose and fatty acid metabolism, mitochondrial
function, hepatic gluconeogenesis, insulin secretion
[40,41]
and the maturation of fat cells
as illustrated in
Figure 1. Sirtuins regulate protein function through a
growing list of posttranslational modification including
[42,43]
deacetylation, succinylation and malonylation
.
Seven mammalians sirtuins (SIRT1-SIRT7) have been
identified and shown to share the same conserved
NAD binding site and catalytic core domain but with
[44]
different N and C termini . The different sirtuins
[44]
have various subcellular localization and expression .
SIRT 1, 6, and 7 are localized mainly in nucleus while
SIRT 3, 4 and 5 are localized to the mitochondrial
[44]
matrix and SIRT2 predominantly cytoplasmic .
Recent studies have shown reduced levels of most
sirtuins in NAFLD. Direct evidence came from Wu
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[45]

et al
who demonstrated decreased expression of
SIRT1, SIRT3, SIRT5, and SIRT6 in NAFLD patients
compared to the control group. This was associated
with increased expression of lipogenic genes including
sterol regulatory element binding protein-1, fatty acid
synthase, and acetyl-CoA carboxylase. In contrast
to the other sirtuins, the expression of SIRT4 was
[45]
upregulated in NAFLD patients . Interestingly, in a
[46]
recent study, Bruce et al
indicated that exposure
to excess dietary fat during early and post-natal
life increases the susceptibility to develop NASH in
adulthood and this was associated with reduced
sirtuin abundance. Offspring fed a high fat diet (HFD)
developed NAFLD while HFD-fed offspring of mothers
fed a HFD diet developed NASH in combination of
+
reduced NAD /NADH, SIRT1, SIRT3 and increased
[46]
expression of genes involved in lipid metabolism .
SIRT1 and SIRT3 are the most studied sirtuins; we
will focus mainly on these two sirtuins, their mode of
action and their role in NAFLD.
+
Both SIRT1 and SIRT3 are NAD -deacetylase that
use NAD as a cofactor to deacetylate cellular proteins.
Lysine acetylation is a reversible, dynamic reaction of
adding acetyl groups to lysine residues. Acetylation
affects all proteins in the cell and has recently been
shown to be abundant in the mitochondria where it
plays a key role in the dynamic regulation of proteins
[43,47-54]
and thereby cell metabolism
. Dysregulation of
lysine acetylation plays a pathogenic role in diverse
conditions such as metabolic syndrome, aging, cancer
[55-58]
and NAFLD
.

SIRT1 and NAFLD

Studies from our group and others document strong
involvement of the mitochondria in the pathogenesis
[59-62]
of NAFLD
. SIRT3 is the most investigated mito
chondrial sirtuin, while SIRT1 has been shown to be
expressed in various metabolic tissues including liver,
adipose tissue, skeletal muscle, pancreas and brain.
SIRT1 plays a key role in the development of NAFLD
through its involvement in the regulation of both lipid
[45,46,63-66]
and carbohydrate metabolism
. Studies in mice
and in cultured cells have characterized SIRT1 as a
metabolic sensor that has the potential to improve
NAFLD.
Inhibition of SIRT1 signaling in human fetal he
patocytes resulted in an increase in intracellular
glucose and lipid levels with upregulation of de novo
[66]
lipogenesis and gluconeogenesis related genes . In
mice, liver specific deletion of SIRT1 as well as SIRT1
downregulation using small hairpin RNA resulted in
hepatic steatosis, inflammation and endoplasmic
[67,68]
reticulum stress
. Hepatocyte-specific deletion of
SIRT1 impaired PPARα signaling and decreased FAO.
However, SIRT1 overexpression increased levels of
[67]
PPARα and increased FAO .
SIRT1 is reduced by HFD while CR resulted in
an increase in hepatic SIRT1 expression and im
[69]
provement in NAFLD histology . Overexpression
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SIRT3
+
NAD -dependent deacetylase
Reduced in NAFLD
Regulates carbohydrate metabolism
Regulates amino acid metabolism
Regulates FAO and ketogenesis
Regulates urea cycle and anti-oxidant response
Regulates inflammation and fibrosis genes
Increased with caloric restriction
Reduced in obesity and with HFD

SIRT1
+
NAD -dependent deacetylase
Reduced in NAFLD
Regulates de novo lipogenesis and gluconeogenesis
Regulates inflammation and ER stress
Regulates FAO and ketogenesis
Regulates urea cycle and anti-oxidant response
Increased with caloric restriction
Increased with exercise
Reduced in obesity and with HFD

SIRT2

SIRT1
SIRT6
SIRT7

SIRT3
SIRT4

Nucleus

SIRT5

Mitochondrion

SIRT4
NAD'-dependent deacetylase, lipoamidase, ADP-ribosyltransferase
Downregulates FAO
Inhibits mitochondrial biogenesis
Upregulated in NAFLD
Upregulated with HFD
Downregulated with fasting
No change with Caloric restriction

Figure 1 An illustration representing various sirtuins with summary findings for SIRT1, SIRT3, and SIRT4. NAFLD: Non-alcoholic fatty liver diseases; FAO:
Fatty acid oxidation; HFD: High fat diet.

of SIRT1 in mice provided protection against HFD
induced hepatic steatosis through upregulation of
[64]
FAO and downregulation of lipogenesis . Moreover,
treatment of mice fed a HFD with resveratrol (RSV),
a polyphenol found in red wine and other plants,
improved lipid metabolism, and decreased NAFLD
[70]
and inflammation in the liver . Interestingly, it has
been documented that inhibition of SIRT1 signaling
in human fetal hepatocytes resulted in an increase in
[66]
intracellular glucose and lipid levels . SIRT1 is also
modulated in obesity. Recent studies have shown
a correlation between plasma SIRT1 and NAFLD in
obese patients. SIRT1 was significantly lower in an
obese group with severe liver steatosis compared
to a group with mild steatosis, and both groups had
lower SIRT1 in the plasma compared to control lean
[71]
patients . Phenotypic similarities exist between
CR and SIRT1 overexpression. Mice overexpressing
SIRT1 are leaner and resistant to hepatic steatosis
[72]
and insulin resistance . Together, these studies
indicate a potential therapeutic use of SIRT1 in hepatic
[66]
steatosis .

SIRT3 and NAFLD

SIRT3 is a soluble protein located in the mitochondrial
matrix and has been shown as a major regulator of
[44,73]
mitochondrial protein acetylation and function
.
SIRT3 regulates carbohydrate metabolism, ketogenesis,
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β-oxidation, and amino-acid metabolism and stress[73-77]
related pathways
. The protein is encoded by the
nuclear genome and is translated as a 45-kDa protein
with an N-terminal mitochondrial targeting sequence
that is cleaved to give the 28-kDa enzymatically active
[78]
protein . SIRT3 is expressed in many tissues including
[44]
the liver, adipose tissue, heart, brain and kidney .
Although SIRT3-KO mice are metabolically undis
tinguishable from WT controls under basal conditions,
they show increased hyperacetylation of mitochondrial
[54,74,75,79]
proteins in the liver and the heart
. About
65% of all mitochondrial proteins have at least one
[48,54,73]
acetylated lysine
. SIRT4 and SIRT5 are also
localized to the mitochondria and unlike SIRT3-KO
mice, SIRT4 and SIRT5-KO mice did not display the
global increase in hepatic mitochondrial acetylation
observed in SIRT3-deficient animals.
Mitochondria play a key role in the adaptation to
CR and SIRT3 has been identified as an important
[54]
regulator in CR-associated metabolic changes .
The expression of SIRT3 is considerably increased
[75,80,81]
in response to CR or prolonged fasting
. SIRT3
regulates the function of several mitochondrial proteins
involved in oxidative phosphorylation, FAO, the urea
[73,75,82-85]
cycle, and the antioxidant response system
.
Unlike wild-type mice where FAO is upregulated with
fasting, fasted SIRT3 deficient mice display reduced
FAO and ATP production with increased hepatic TG
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Table 1 Published SIRT1 activators
SIRT1 activators
Resveratrol

SRT1720

SRT2104

Ref.
Howitz et al[109], 2003
Wood et al[102], 2004
Timmers et al[104], 2011
Smith et al[105], 2009
Milne et al[107], 2007
Amiot et al[113], 2013
Yoshino et al[100], 2012
Chachay et al[112], 2014
Feige et al[111], 2008
Funk et al[110], 2010
Yamazaki et al[101], 2009
Pacholec et al[106], 2010
Libri et al[108], 2012
Venkatasubramanian et al[103], 2013
Hoffmann et al[114], 2013

[75]

content .
SIRT3 also regulates the acetylation levels of
mitochondrial electron transport complex I and
[77]
regulates ATP synthesis . ATP levels were reduced by
more than 50% in the heart, liver and kidney of mice
[77]
lacking SIRT3 . Succinate dehydrogenase (SDH)
(one of complex II subunits of the electron transport
chain) has been identified as a direct target of
SIRT3, suggesting a role of SIRT3 in the regulation of
[86,87]
complex II
. Increased succinate concentrations is
involved in hepatic stellate cells (HSCs) activation. The
expression of SIRT3 and SDH activity are decreased in
isolated liver and HSCs from methionine- and cholinedeficient (MCD) diet-induced NAFLD. Suppression of
SIRT3 using siRNA exacerbated HSC activation while
SIRT3 overexpression attenuated HSC activation
[88]
in vitro . Interestingly, liver- and muscle-specific
SIRT3-KO mice show no detectable changes in their
[89]
metabolic phenotype in response to HFD suggesting
more studies are needed to ascertain the role of tissue
[76,89]
specific function of SIRT3
.
Published studies document that both obesity
and chronic HFD reduce SIRT3 activity, induce hy
peracetylation of various mitochondrial proteins and
[58,75,90]
impair mitochondrial function
. HFD has been
shown to induce SIRT3 expression and FAO early after
[58]
initiation of high-fat feeding . However, chronic HFD
suppress SIRT3 expression, increase mitochondrial
protein acetylation, and ultimately reduce FAO. Wild
type mice fed a HFD develop obesity, hyperlipidemia,
[91-93]
type 2 diabetes mellitus, and NASH
. These
effects of HFD feeding are significantly accelerated in
[58]
SIRT3 deficient mice . Our unpublished data also
show that overexpression of SIRT3 rescues NAFLD in
mice heterozygous for the mitochondrial trifunctional
protein, an animal model of mitochondrial dysfunction
[94]
generated by our group .
SIRT3-KO mice subjected to MCD diet exhibit
increased serum ALT levels, increased hepatic content,
higher expression of inflammatory and fibrogenic
genes, and reduced (SOD2) activity. However, over
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expression of SIRT3 resulted in opposite effects sugge
sting that SIRT3 ablation aggravates MCD induced
NASH while SIRT3 overexpression alleviates the MCD
[95]
induced phenotype .
Palmitate modulated oxygen consumption and
enhanced ROS levels and apoptosis in SIRT3 deficient
mouse primary hepatocytes and SIRT3 siRNA-depleted
[96]
hepatocytes . Recent studies using HFD induced
NAFLD in mice identified a differentially expressed
microRNA (miRNA) in livers of NAFLD mice compared
with controls. The expression of miRNA-421 was signi
ficantly upregulated in mice with NAFLD and SIRT3 was
identified as target for this micro-RNA. Overexpression
of miRNA-421 in hepatocytes decreased SIRT3 and
FOXO3 protein levels, and reduced oxidative damage
[97]
while suppression of this miRNA had opposite effects .
Interestingly, exposure of fetuses to maternal obesity
contributes to early perturbations in whole body and
liver energy metabolism, and this was associated
with reduced SIRT3 and reduced hepatic FAO. These
findings suggest that changes in SIRT3 activity precedes
the development of obesity associated insulin resistance
[98]
and NAFLD in the offspring .

Sirtuins activators and inhibitors

Weight loss through CR and exercise have been shown
to improve insulin resistance and inflammation. Based
on the beneficial effect of CR on NAFLD and other
diseases and the associated increase in sirtuins levels
or activity, the development of molecules that activate
[99]
or inhibit sirtuins is of great interest .
The discovery of selective and potent sirtuins
activators and inhibitors is still in its early stages.
A list of Sirt1 activators that were tested in human
[100-114]
and animal NAFLD is shown in Table 1
. RSV, a
natural polyphenol found in grapes and other plants,
[102,109]
mimicks CR and enhances sirtuins activity
.
However, due to its poor bioavailability, reformulated
forms of RSV-related compounds have been developed
®
such as resVida, Longevinex , SRT50 along with
other RSV unrelated molecules such as SRT1720,
SRT2104, and SRT2379. The formulated form of RSV
resVida (150 mg/d RSV) showed beneficial effects,
similar to CR effect, in healthy obese men including
reduced intrahepatic lipid, plasma glucose, TG, alanine[104]
aminotransferase and inflammation markers
.
SRT1720 was the most potent SIRT1 activator; it
enhanced SIRT1 activity by 750% at 10 μmol/L al
[106]
though other studies by Pacholec et al
concluded
that neither SRT1720 nor RSV are direct activators
of SIRT1 and one study reported that RSV does
[112]
not have beneficial effects in NAFLD patients
.
Administration of SRT1720 to diet-induced obesity
rodent models protected from obesity and insulin
resistance by enhancing oxidative metabolism in
[105,107,111]
the liver, muscle, and adipose tissues
. As
in CR, SIRT1720 induced mitochondrial biogenesis,
[110]
increase mitochondrial respiration and ATP levels
.
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Moreover, SRT1720 reduced levels of hepatic liver
content and aminotransferase and the expressions of
[101]
lipogenic genes
. Recent studies, however, indicate
that the activation of SIRT1 by RSV is indirect and
[40,115]
is mediated by activation of AMPK
. Sirtuins are
+
themselves regulated by the cofactor NAD as well
as their reaction product nicotinamide (NAM) from
+
NAD . NAM (the amide form of vitamin B3, nicotinic
acid) is a water-soluble sirtuin inhibitor. NAM binds
to a conserved region in the sirtuin catalytic site and
favors a reverse reaction instead of the deacetylation
[116]
reaction
. Computational studies indicate that NAM
inhibition of SIRT3 involves apparent competition
+
between the inhibitor and the enzyme cofactor NAD
while the inhibition of other sirtuins activity was non[117]
competitive
. More detailed review on sirtuins
[99,118]
inhibitors and activators is found in
. More studies
are needed to develop more potent and specific
activators and inhibitors of sirtuins activity.

CONCLUSION
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Sirtuins represent potential targets for treatment of
NAFLD due to the role they play in cellular pathways
involved in hepatic lipid and carbohydrate metabolism,
insulin signaling, and inflammation. Additional studies
are urgently needed to further our understanding of
the interaction among various sirtuins in NAFLD and to
develop selective activators/inhibitors of sirtuins.
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Abstract
Children with autism are commonly affected by
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gastrointestinal problems such as abdominal pain,
constipation and diarrhea. In recent years, there has
been a growing interest in the use of probiotics in this
population, as it hypothetically may help to improve
bowel habits and the behavioral and social functioning
of these individuals. The gut microbiome plays an
important role in the pathophysiology of organic as
well as functional gastrointestinal disorders. Microbial
modification with the use of antibiotics, probiotics,
and fecal transplantation have been effective in the
treatment of conditions such as recurrent Clostridium
difficile infection, pouchitis, and irritable bowel
syndrome. The present review presents a number
of reported clinical, immunological and microbiomerelated changes seen in children with autism compared
to normally developed children. It also discusses gut
inflammation, permeability concerns, and absorption
abnormalities that may contribute to these problems.
Most importantly, it discusses evidence, from human
and animal studies, of a potential role of probiotics in
the treatment of gastrointestinal symptoms in children
with autism.
Key words: microbiome; gastrointestinal; inflammation;
functional bowel disease; probiotics; autism
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Important new information has identified an
abnormal intestinal microbial community in children
with autism, an abnormality reported in many gastro
intestinal (GI) conditions, including inflammatory bowel
disease and irritable bowel syndrome (IBS). There
is a complex interplay in these conditions between
GI function (motility, secretion, permeability), the
immune system, and the microbiota. Many parents of
children with autism complain of GI symptoms, and
they administer probiotics, a treatment which has
been found to be safe and effective for adults with
IBS. Future investigations are needed to determine if
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probiotic treatment would benefit the symptoms and
behavior of these children.
Navarro F, Liu Y, Rhoads JM. Can probiotics benefit children
with autism spectrum disorders? World J Gastroenterol 2016;
22(46): 10093-10102 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10093.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10093

Introduction
The influence of the enteric microbiota on the human
body has only started to be unveiled. Its impact is
wide, as it has been shown to affect a number of
processes including the immune response, metabo[1-3]
lism, and neurologic function . The disruption of the
normal commensal microbial community in humans,
also called “dysbiosis”, is associated with an increasing number of disorders such as inflammatory bowel
disease, irritable bowel syndrome, obesity, hyperten[4-8]
sion, diabetes, and autism . The aim of the present
review is to synthetize current data on the association
between microbiota dysbiosis and autism, and to
assess if its modification could have a beneficial effect
in children with autism.

Gastrointestinal Abnormalities in
Autism
Autism is a neurodevelopmental disorder which affects
social interaction, verbal and non-verbal communication, and behavior. A recent report from the Centers for
Disease Control and Prevention indicates a rise in the
prevalence of autism in children to one in 68 children
[9]
in the United States (78% increase since 2007) .
Children with autism spectrum disorders (ASD) are
among the populations that are most often referred to
the Pediatric Gastroenterology clinic. During a two-year
period, 3% (121/4013) of children seen by 4 pediatric
gastroenterologists for various abdominal complaints
in our clinic had an underlying ASD (C. Bearden, U.T.
Bioinformatics, personal communication 9-24-2016).
The true prevalence of gastrointestinal symptoms
(GIS) in ASD is not known, but available data suggest
[10]
[11]
a figure approximately 40% . Wang et al reported
data obtained from families with children with ASD
registered in the Autism Genetic Resource Exchange
(AGRE). In their study of 589 affected children, 42%
had GIS. Increased autism symptom severity was
[11]
associated with higher odds of having GIS . Abdominal pain, constipation, diarrhea, nausea, and bloating
were the most common symptoms. In the largest
[12]
study, Mazurek et al
reported that of 2973 children
in an ASD network, 42% reported GIS lasting > 3
mo. A wide range of gastrointestinal (GI) problems
have been reported, including feeding abnormalities,
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gastroesophageal reflux, abdominal pain, diarrhea,
fecal incontinence, constipation, and alternating diarrhea and constipation have been reported in one out
[13,14]
of three children in the autism spectrum
. More
recently, based on a large epidemiological study,
eosinophilic esophagitis in children with ASD and
dysphagia has been added to the list of disorders with
increased risk in this population, compared to the gen[15]
eral population . This group of children with autism
reportedly also has severe anxiety, irritability and social
withdrawal symptoms, which may overshadow their GI
[16]
complaints .
[17]
Some researchers such as Pusponegoro et al
have reported no differences between children with
autism and controls with regard to gastrointestinal
symptoms, intestinal inflammation (based on fecal
calprotectin), microbiota (based on urinary D-lactate)
or intestinal permeability (based on urinary lactulose/mannitol ratio). However, this group reported an
increased urinary I-FABP (marker of enterocyte damage) in children with autism who had severe behavioral
abnormalities, compared with autistic children with
mild maladaptive behavior and compared with normal
[17]
children .

Inflammation hypothesis
A number of recent studies have suggested that the
GIS in ASD may be a manifestation of an underlying inflammatory process. Systemic inflammation
has been suggested by an excessive accumulation
of receptors for advanced glycation end products
(RAGE) in blood and their proinflammatory ligand
[18]
S100A9 in the plasma of individuals with ASD . The
level of S100A9 in plasma correlated with the autism
severity score. Another study hypothesized that the
inflammation may be pathophysiologically related to
an abnormal microbiota. They compared the metagenomic profile of ileal and colonic biopsies in children
with ASD, ulcerative colitis (UC), and Crohn’s disease
(CD). These investigators found that the transcriptome
profiles of these tissues of children with ASD segregated apart from normal controls and alongside those
with CD and UC when they used principal components
[19]
analysis, as would be seen with an inflamed colon .
However, the authors did not identify why these tissues
of ASD children had different transcriptional profiles; for
example, they did not look for evidence of inflammation
by assessing serum cytokines or fecal inflammatory
markers such as calprotectin or interleukin-8. Other
groups studying ASD have failed to show changes in gut
[20]
biopsy cytokine levels
or changes in fecal calprotec[21]
tin . One must keep in mind that these studies were
small, and measurable abnormalities were observed in
a significant subset of with ASD (approximately 25% of
those studied).
Enhanced T cell activation, heightened immunoglobulin and cytokine profiles, as well as histologic
changes assessed in intestinal biopsies such as infiltra-
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tion of lymphocytes, monocytes, natural killer cells
and eosinophils have been described in children with
[22-26]
autism
. These findings can be present in other
gastrointestinal conditions such as food allergies and
[27]
immunodeficiency . In contrast, other laboratory
measures of intestinal health, such as fecal levels of
calprotectin, lactoferrin, secretory IgA, and elastase
[21,28]
have found to be normal in children with autism
.
In addition, reports of intestinal permeability (IP) in
children with autism have been conflicting. Studies
have reported abnormal IP in these children compared
[29,30]
to controls
. Some have also reported increased
IP to occur in first degree relatives of patients with
[31]
autism et al . In contrast, our group as well as others
(mostly in small series) have found that the intestinal
permeability of children with autism was not different
[17,32-34]
from normal controls
.
A recent report indicated that children with autism
also have an abnormal carbohydrate digestion based
on significant decrease in the expression on their
intestinal biopsies of disaccharidases (sucrose-isomaltase, maltase-glucoamylase, and lactase), as well
[35]
as the hexose transporters (SGLT1 and GLUT-2) ,
a finding which agreed with a previous uncontrolled
[36]
study . This finding was not supported by extensive
[37]
observations of Kushak et al
from a center that
performs many intestinal biopsies. These investigators
had originally found that more than half of a group
of children with autism had low levels of the enzyme
[38]
lactase in duodenal biopsies . However, in a followup study which included neurotypical controls, mucosal
disaccharidase activity was not different comparing
autistic and nonautistic individuals. Interestingly, even
though the disaccharidases were within the normal
range, the investigators found that children with ASD
had evidence of mucosal inflammation on intestinal
biopsy. Standard fecal indicators of gut inflammation,
fecal calprotectin and lactoferrin were similar in both
groups. A measure of gut permeability, lactulose/
rhamnose ratio in urine after oral administration, was
also not statistically different in patients with and without autism. Larger controlled studies are required to
determine if the gastrointestinal symptoms in children
with autism are in fact related to reproducible, “organic”
findings, such as intestinal inflammation, to differen
ces in nutrient digestion, or to an abnormal intestinal
[27]
permeability .

Functional bowel disease
hypothesis
Gastrointestinal symptoms in ASD may be simply a
reflection of sensory over-responsivity to abdominal
signals. However, in the authors’ opinion, the most
common gastrointestinal complaints in children with
ASD resemble those of adults and teens with functional bowel diseases such as irritable bowel syndrome
(IBS). Irritable bowel syndrome is characterized by
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symptoms of diarrhea and/or constipation, typically
with the relief of pain accompanying the passage of a
[39]
stool, symptoms which fulfill the Rome Ⅲ criteria .
Many children with ASD have diffuse abdominal pain
and an irregular stool pattern with either diarrhea or
constipation, or alternating diarrhea and constipation.
We have postulated that a significant proportion of
children with ASD and chronic GIS, have a form of IBS.
However, the Rome Ⅲ criteria are validated in adults
with normal IQ but are somewhat difficult to apply to
normal children, and even more so in those with ASD.
When compared to GI symptom scores in ASD, which
have been useful but are not validated, there is much
broader experience in quantifying autistic behavior
changes, such as irritability as measured by the Aber[40]
rant Behavior Checklist . As mentioned, studies have
shown that the presence and severity of GI symptoms
[11,28,41]
correlate with the severity of underlying autism
.

Gut microbiome in Autism
Trillions of microbes and 500-1000 species of microorganisms are natural inhabitants of our gastrointestinal
tract, wherein the phyla firmicutes, bacteriodetes,
and actinobacteria are the most common. Anaerobic
bacteria, yeasts, viruses, and bacteriophages (viruses
which reside and proliferate within bacteria) also influ[42,43]
ence the gut microbial diversity
. The gut microbiome has a symbiotic interaction with the various organ
systems of our body, and it is known to contribute to
many GI functions, such as maintaining the integrity of
the epithelial barrier, stimulating immune interactions,
participating in gastrointestinal motility, and regulat[44]
ing drug and nutrient metabolism . This normal
interaction can be disturbed by a number of events,
such as infections, gastrointestinal diseases, dietary
changes, and neurologic disorders. Drugs such as acid
suppressants, antibiotics, and corticosteroids have also
been reported to perturb this homeostatic equilibrium.
This dysbiosis contributes to the pathophysiology of
many gastrointestinal conditions such as inflammatory
bowel disease, functional gastrointestinal disease, food
[45]
allergy, obesity, and liver disease .
The enteric microbiome of children with ASD is different from that of typically developed children. Abnormal colonization could be related to diverse factors,
including a more restricted diet and exposure to more
antibiotic early in life. For example, two studies found
that children with ASD were more likely to be treated
[46,47]
[48]
with antibiotics for otitis media
. Finegold et al
reported different levels of bacterial phyla in children
with ASD by pyrosequencing. When comparing autistic
children with controls there were changes in phyla
firmicutes (63% vs 39%, respectively), bacteriodetes
(30% vs 51%), actinobacteria (0.7% vs 1.8%), and
[48]
proteobacteria (0.5% vs 3.1%) . In a different study,
this same group also reported the presence of nonspore-forming anaerobes and microaerophilic bacteria
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in gastric and duodenal aspirates from children with
autism, organisms which were not present in control
[48]
children .
As mentioned, a less diverse microbial community
in gut of children with autism with lower levels of some
genera (Prevotella, Coprococcus and Veillonellaceae)
has been reported. Interestingly, these particular species are known to be versatile carbohydrate metaboli
zers; and in a controlled trial, reduced colonization
correlated with autistic symptoms but not with diet
[49]
pattern . Other differences in individuals with ASD
include the overgrowth of Clostridium species, including Clostridium histolyticum (linked to the presence of
GI symptoms in one study), and low levels of Bifidobacteria, a species known to have anti-inflammatory
[48,50,51]
effects
.
Overgrowth of other bacteria such as Desulfovibrio
species has also been found in children with autism
[52]
and their relatives, compared to controls . Additionally, higher levels of Caloramator, Sarcina, Alistipes,
Akkermansia, Sutterellaceae and Enterobacteriaceae
were found in children with autism compared with
[53,54]
[49]
typically developed children
. Kang et al reported
a less diverse fecal microbiome by pyrosequencing of
16S rDNA in children with autism. Despite these studies, it should be noted that when bacteria tag-encoded
[55]
pyrosequencing was used, Gondalia et al did not find
differences in the gut microbiome, comparing children
with autism with their siblings.
Much work needs to be done in determining the
metabolic consequences of an abnormal microbiota in
ASD. Bacterial by-products are the likely mediators of
systemic effects that could lead to alterations in the
children’s behavior. Some investigators have hypothesized that the abnormal microbiota in children with
ASD produces changes in behavior via a mechanism
involving excessive production of short chain fatty
acids (SCFA), such as propionate and butyrate, which
represent the major anions of human feces. These
SCFA can produce behavioral changes in rodents when
injected into the brain ventricles or systemically via
intermediates such as p-cresol that alter dopamine
[56]
metabolism . Ongoing investigations have begun to
[57,58]
highlight the importance of SCFA in ASD
.

Targeting the gut microbiome
as a potential treatment for
children with autism
Probiotics

The internationally accepted definition of probiotics
is “live microorganisms which when administered
in adequate amounts confer a health benefit on the
host”. Dietary prebiotics are “selectively fermented
ingredients that allows specific changes, both in the
composition and/or activity in the gastrointestinal
microflora that confers benefits upon host well-being
and health”. The potentially synergistic combinations of
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[59]

pro- and prebiotics are called synbiotics . Functional
bowel disorders (including IBS, functional abdominal
pain, functional dyspepsia, and cyclic vomiting syndrome) are the most common conditions leading to
referral of children to the pediatric gastroenterology
[60]
clinic . Recent evidence suggests that an abnormal
fecal microbiota may play a causal or contributory role
[61]
[62]
to IBS in adults and children .
In adults with a functional GI disorders, there is
accumulating evidence for a beneficial effect of probiotics. Evidence for probiotic efficacy in IBS now includes
23 randomized controlled trials (RCTs) (2575 patients)
and the demonstration of improvement in global
symptoms, abdominal pain, bloating and flatulence;
however there was heterogeneity among the studies
and authors concluded the optimal probiotic has not
[63]
been identified . In the most recent meta-analysis,
which included 21 RCT’s, a 1.82-fold (CI: 1.27-2.60)
[64]
relative rate of improvement vs placebo was noted .
Fewer studies have been done in children; the only
systematic review concluded that 4 probiotics were
associated with improvement in symptoms in children
with IBS: L. rhamnosus GG, L. reuteri DSM 17938,
VSL#3, and a combination probiotic containing 3
[65]
Bifidobacteria .
The differences in the gut microbiome comparing
autistic and typically developed children described in
the previous section may provide a clue to the cause
for GI symptoms. One early study of vancomycin, a
poorly absorbed antibiotic known to destroy Clostridia
and other gram positive organisms, demonstrated an
improvement in diarrhea and more normal behavior,
as evidenced by videotape, when vancomycin was
[66]
given short-term . As mentioned, the gut microbiome can be altered by the use of antibiotics, prebiotics, probiotics, or synbiotics (prebiotics plus probiotics)
administered by physicians or parents to ameliorate
[57,67-69]
symptoms in children with ASD
.
Virtually all of the GI functions postulated to be
impaired in ASD have been shown to be improved by
probiotics in animal studies. For example, we previously found that a human breast milk and gut commensal,
Lactobacillus. reuteri, when fed daily, reduced lipopoly[70]
saccharide (LPS)-induced intestinal inflammation . In
newborn rat pups, another probiotic, Bifidobacterium
bifidum reduced gut permeability across the tight
junctions that “seal together” the epithelial cells in a
[71]
model of necrotizing enterocolitis . A recent study by
[72]
Buffington et al , which aimed to study mechanisms
of abnormal behavior in autism, utilized a maternal
high fat diet to induce abnormal social (withdrawal)
behavior in the offspring. It is worthy to mention that
[73,74]
in humans, too, maternal obesity
, and maternal
[75]
diabetes
been shown to be linked to autism in the
offspring. In the mice, high-fat maternal diet produced
changes in neurotransmission in the hypothalamus
of the newborns. Abnormal behavior was found to be
correctable by co-housing “autistic pups” with normal
infant pups whose mothers did not take a high fat diet,
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Table 1 Evidence supporting a role for probiotics in treating gastrointestinal symptoms in autism spectrum disorders
Clinical symptoms

Ref.

Children with ASD have an abnormal fecal microbiota
GI symptoms common in ASD are similar to those in IBS
IBS also is associated with an abnormal fecal microbiota
Meta-analysis shows IBS symptoms are improved by probiotic treatment. (Preliminary evidence suggests potential benefits in
ASD in children and rodents models.)
Mild inflammation in the GI tact may be seen in children with ASD. (There is evidence to support or refute this contention:
abnormal duodenal and ileal biopsies and high plasma S100A9 but normal fecal calprotectin and lactoferrin levels)
Probiotics reduce gut inflammation (Shown in animal models and in human diseases)
Systemic inflammation can be also seen in children with ASD
Immune modulation of children with ASD may reduce clinical symptoms

[28,35,48,51,54,98-100]
[11,12]
[61,62,101]
[65,72,102-104]
[19,22-26,31,37]
[70,105-108]
[18,109-111]
[41,112]

ASD: autism spectrum disorders; GI: gastrointestinal; IBS: Irritable bowel syndrome.

indicating a microbial effect which was evidenced by
a change in microbiota. Following this hypothesis, the
authors found that by administering a probiotic, Lactobacillus reuteri, the antisocial behaviors and aberrant
[72]
neurotransmission could be reversed .
The lay press and internet have certainly embraced
the concept that gut bacteria are linked to autism. A
particularly fascinating recent publication from Pärtty
[76]
et al randomized 75 infants at birth to a supplement
of Lactobacillus rhamnosus GG (LGG) or placebo for
the first 6 mo of life and measured microbiota and
psycho-behavioral diagnoses 2 and 13 years later.
They found no major changes in microbiota. However,
at the age of 13, 17% of the children treated with
placebo had attention deficit disorder or Asperger’s
syndrome, compared to none who received LGG.
Recent reviews concluded that probiotics should be
[50,77]
studied in children with ASD
. Our interpretation
of the rationale for probiotic investigation in ASD is
summarized in Table 1. However, it is controversial
whether oral probiotics can produce positive effects
in such a complex condition. Currently available
probiotics are mainly aerobic, derived from milk
cultures, not normally a significant part of the human
gut microbiome which are primarily anaerobic; and
they are short-lived in the human gut. Kristensen
[78]
et al
looked at normal humans given probiotics and
showed in a meta-analysis of 6 RCTs limited to adults
that there was no change in alpha-diversity (number
of species) or evenness with probiotic treatment.
One trial did show a change in beta-diversity (relative
[78]
contributions of the various species) ; however,
virtually all studies which have shown changes in fecal
microbial composition during probiotic administration
[79,80]
were done in babies, for example preterm infants
.
One study that did show that a probiotic could alter
the fecal microbiota focused on older children with
[81]
cystic fibrosis and another showed changes in adults
[82]
with alcoholic cirrhosis . Most of these trials used
quantitative polymerase chain reaction (PCR), rather
than 16S ribosomal RNA gene sequencing. Using 16S
[83]
[78]
rRNA techniques, we
and others
have not shown
differences in microbial composition in adults treated
with probiotics. The same lack of effect on the infant’s
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fecal microbiome was observed in a number of studies
of infants whose mothers were treated with probiotics
[84-86]
before birth and/or during breast feeding
.
Therefore, alternative mechanisms may account
for potentially beneficial effects of probiotics in IBS and
possibly ASD. An important alternative mechanism by
which a probiotic be beneficial is via the metabolites
that these organisms release in the gut lumen which
may reach the circulating blood. A number of studies
have shown abnormal fecal metabolites, such as
short chain fatty acids (SCFA) related to changes in
[87]
microbiota . Para-cresol (a phenolic compound) has
[88]
been suggested to be a urinary marker for autism ,
[89]
especially in those with constipation and ASD . In a
mouse model of autism induced by maternal immune
activation, autistic behaviors such as communication
abnormalities, stereotypies, and anxiety behaviors
were associated with abnormal serum metabolities
produced by the microbiota, including 4-ethylphenyl
sulfate (the major metabolite) and p-cresol (to a
[57]
lesser extent) . These abnormalities and some of
the behaviors were improved by giving orally a human
commensal B. fragilis (not traditionally viewed as a
probiotic). In a biomarker discovery study in 52 young
children with ASD who were compared to neurotypical
controls, a number of plasma markers were found to
be altered, many of them were directly related to mitochondrial metabolism. These included elevated succinic
acid, aspartate, glutamate, and aminoisobutyrate and
[90]
decreased citric acid, isoleucine, and creatinine .
Despite these gaps in our knowledge regarding “if
and why” probiotics may work in autism, in a recent
survey of more than 500 physicians who treat children
[91]
with autism, 19% reported using probiotics . Many
autism websites also advocate treatment of children
with ASD with probiotics. These recommendations
are not evidence-based. A recent review summarized
[92]
the existing 4 trials of probiotics for ASD . There
were methodological difficulties in most; for example,
one was a case-control study that had a high risk of
selection bias which showed improvement in mental
concentration (but not in behavior) in ASD patients
[93]
treated with Lactobacilus acidophilus . Another manuscript which was included as part of a retrospective
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case-cohort analysis, reported that probiotic treatment
improved an autism treatment evaluation checklist,
although the authors did not report which probiotics
[28]
were given and which dose . A third study was a
double-blind placebo-controlled crossover trial which
reported reduced disruptive behavior, anxiety and
communicative disturbance when the children were on
probiotic (Lactobacillus plantarum) but is not readily
[94]
th
available in reference libraries . A 4 study reported
beneficial effects of a 4-mo treatment with a combination probiotic (comprising 3 Lactobacilli, 2 Bifidobacilli,
and 1 Streptococcus species). In this latter study, the
probiotic increased the qPCR-determined ratio of fecal
Bifidobacilli to Firmicutes and total Lactobacilli, while
reducing fecal Clostridia and fecal tumor necrosis
factor (TNF)-alpha levels. This latter study did suggest
beneficial effects on the microbiome, although effects
of this combination probiotic on autistic behaviors were
[77]
not reported .

design of larger prospective trials.
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Abstract
The use of thiopurines in inflammatory bowel disease
(IBD) has been examined in numerous prospective,
controlled trials, with a majority demonstrating a
clinical benefit. We conducted this review to describe
the historical and current evidence in the use of thio
purines in IBD. A systematic search was performed on
MEDLINE between 1965 and 2016 to identify studies
on thiopurines in IBD. The most robust evidence for
thiopurines in IBD includes induction of remission in
combination with anti-tumor necrosis factor (antiTNF) agents, and maintenance of remission and postoperative maintenance in Crohn’s disease. Less evi
dence exists for thiopurine monotherapy in induction
of remission, maintenance of ulcerative colitis, chemo
prevention of colorectal cancer, and in preventing
immunogenicity to anti-TNF. Evidence was often limited
by trial design. Overall, thiopurines have demonstrated
efficacy in a broad range of presentations of IBD.
With more efficacious novel therapeutic agents, the
positioning of thiopurines in the management of IBD
will change and future studies will analyze the benefit
of thiopurines alone and in conjunction with these new
medications.
Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; Thiopurines; Mercaptopurine;
Azathioprine
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this review, we systematically describe
the historical and current evidence in the use of thio
purines in inflammatory bowel disease (IBD). The
most robust evidence for thiopurines in IBD includes
induction of remission in combination with anti-tumor
necrosis factor agents, and maintenance of remission
and post-operative maintenance in Crohn’s disease.
With more effective and newer therapeutic agents, the
positioning of thiopurines in the management of IBD
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will change. Future studies should examine the benefit
of thiopurines alone and in conjunction with these
novel agents.
Axelrad JE, Roy A, Lawlor G, Korelitz B, Lichtiger S.
Thiopurines and inflammatory bowel disease: Current evidence
and a historical perspective. World J Gastroenterol 2016;
22(46): 10103-10117 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10103.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10103

INTRODUCTION
Historically, the use of thiopurines, mercaptopurine and
azathioprine, purine antagonists which inhibit DNA and
RNA synthesis (Figure 1), in the treatment of inflammatory bowel disease (IBD) was based upon their
efficacy in other autoimmune disorders, including sys[1]
temic lupus erythematous and rheumatoid arthritis .
The efficacy of thiopurines in both Crohn’s disease
(CD) and ulcerative colitis (UC) has been documented
in prospective, double-blind, placebo-controlled trials,
with data supporting their beneficial therapeutic effects
in inducing and maintaining disease remission, postoperative maintenance in CD, and chemoprevention of
[2-6]
colorectal cancer (CRC) . In addition, the medication
has taken on an important role in conjunction with
anti-tumor necrosis factor (TNF) therapy by interfering
[7]
with antibody production .
Despite this evidence demonstrating the efficacy
of thiopurine agents, there exists a hesitation with
their clinical use. This may be based upon the fact
[8]
that some of the trials were withdrawal designed ,
[9]
pediatric-based , recruited a small number of patients,
[10]
or utilized a scoring system not universally accepted .
Furthermore, their role in infectious as well as malignant
complications has been scrutinized.
In this review, undertaken after the passing of
Dr. Daniel Present, we will review the historical basis,
current evidence, and clinical experience in the use
of thiopurines at various stages of IBD. We will also
comment on how its use has changed over time
and postulate on its positioning in the future. Lastly,
this review will be accompanied by an experience
overview by Dr. Daniel Present and Dr. Burton Korelitz,
co-investigators on the seminal paper on the use of
[10]
thiopurines in IBD .
For completeness, we conducted a systematic
electronic search for relevant full-text articles in
English using the MEDLINE database between January
1, 1965 and January 1, 2016. We used search terms
associated with IBD and thiopurines, including “inflammatory bowel disease”, “Crohn’s disease”, or “ulcerative
colitis” in combination with “thiopurines”, “azathioprine”,
“mercaptopurine”, and “6-mercaptopurine”. Reference
lists from retrieved studies and review articles were
examined to identify additional studies of relevance.
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Preference was given to high impact articles with
randomized trial designs.

THIOPURINES FOR INDUCTION OF
REMISSION IN CD
A number of controlled clinical trials have investigated the efficacy of thiopurines in the treatment of
active CD. The results of the four earliest trials were
[11-14]
published in the 1970s
. The first three studies
investigating azathioprine were small (enrolling 12-16
patients), utilized varying doses of drug (ranging from
2 to 4 mg/kg/d), and followed patients for a maximum
of 24 wk. The response rates in these studies varied
from 36%-100%. The largest of these initial trials was
[13]
reported by Summers et al
in 1979, and involved a
17-wk randomized, double-blind, placebo-controlled
trial of azathioprine 2.5 mg/kg/d in 136 patients with
active CD (defined as a Crohn’s Disease Activity Index
(CDAI) score > 150). The rates of remission (CDAI <
150 at week 17) with azathioprine (36%; 21/59) were
superior to placebo (26%; 20/77), although not at the
level of statistical significance.
The first long-term study to demonstrate the
efficacy of mercaptopurine to induce remission was
[10]
reported by Present et al
in 1980. Eighty-three
chronically ill patients with CD were entered into a twoyear double-blind study comparing mercaptopurine
1.5 mg/kg with placebo. Crossover data showed that
improvement occurred in 67% of courses of mercaptopurine compared with 8% of courses of placebo (P
< 0.001). Mercaptopurine was also found to be more
effective than placebo in fistula closure and steroid
reduction and discontinuation. Importantly, this trial
was the first to establish the notion of the delayed
onset of action, as the mean time to response was 3.1
mo, with 89% of responders doing so within 4 mo of
starting mercaptopurine.
In the last two decades, all studies investigating
the efficacy of thiopurines in inducing remission in CD
have utilized active comparator groups rather than placebo alone. In a three-arm randomized, double-blind
study comparing mercaptopurine 50 mg daily, oral
methotrexate 12.5 mg weekly, and placebo in patients
with active CD and Harvey-Bradshaw Index (HBI) ≥
[15]
7, Oren et al
showed that the rates of remission
(HBI ≤ 3 without steroids) using mercaptopurine or
placebo were equivalent (9/32 in the mercaptopurine
arm vs 6/26 in the placebo arm). This remission rate
was not significantly different when compared to the
methotrexate arm. In a similar study involving metho[16]
trexate, Maté-Jiménez et al , studied 38 patients with
steroid-dependent CD who were randomized to mercaptopurine 1.5 mg/kg/d, methotrexate 15 mg/wk, or
5-aminosalicylic acid (5-ASA) 3 g/d. Compared with
the 5-ASA group (14% remission), patients in both
the mercaptopurine (93.7%) and methotrexate (80%)
arms had statistically higher rates of remission. Finally,
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Figure 1 Chemical structures of azathioprine and mercaptopurine. AZA:
Azathioprine; 6-MP: 6-mercaptopurine.

in a recent trial comparing azathioprine to methotrexate, patients with steroid-dependent CD with a CDAI
≥ 200 were treated with either intravenous methotrexate 25 mg/wk or oral azathioprine 2 mg/kg/d for a
6-mo period (in addition to a 12-wk prednisolone taper
starting at 40 mg daily). The primary outcome - the
proportion of patients entering first remission (CDAI <
150 without steroids) at 3 and 6 mo of therapy - was
statistically similar between the two treatment groups
(44% remission rate at 3 mo with methotrexate vs
33% with azathioprine; 56% remission rate at 6 mo
[17]
with methotrexate vs 63% with azathioprine) .
A recent trial evaluating the effectiveness of
thiopurines for the induction of remission in Crohn’
[18]
s disease was reported in 2010 by Colombel et al
in the Study of Biologic and Immunomodulator Naive
Patients in Crohn’s Disease (the SONIC trial). The
results of this study showed azathioprine to be less
effective than infliximab as an induction agent for
CD. Patients with active CD (CDAI 220-450) were
randomized to one of three treatment arms: infliximab
5 mg/kg, azathioprine 2.5 mg/kg/d, or a combination
of infliximab and azathioprine. Thirty-two percent
(54/170) of azathioprine patients achieved clinical
remission (CDAI < 150) at week 26 compared to 48%
(81/169) of infliximab patients [risk ratio (RR) = 0.66,
95%CI: 0.51-0.87]. Similarly, significantly more infliximab patients than azathioprine patients achieved the
primary study outcome of steroid free remission (44%
vs 30%, respectively, P = 0.006). When assessing the
combination of azathioprine and infliximab, significantly more patients in the combination therapy group
(60%; 102/169) achieved clinical remission compared
to patients treated with infliximab alone (48%) or azathioprine alone (32%, P < 0.001). Although, patients
with heterozygous thiopurine methyl transferase
(TPMT) activity were excluded, potentially minimizing
the success of azathioprine monotherapy.
In addition, two randomized trials have found
azathioprine therapy ineffective in achieving sustained
corticosteroid-free remission. In an open-label trial of
adults with CD for less than 6 mo at risk for disabling
disease. patients randomly assigned to treatment
with azathioprine 2.5 mg/kg/d were no more likely to
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experience clinical remission compared to patients who
received azathioprine only in cases of corticosteroid
dependency, chronic active disease with frequent
flares, poor response to corticosteroids, or develop[19]
ment of severe perianal disease . In a prospective
double-blind trial of patients with CD for less than 8
wk, patients randomly assigned to azathioprine 2.5
mg/kg/d were no more likely to achieve sustained
corticosteroid-free remission compared to patients
randomized to placebo (44.1% vs 36.5%), however,
azathioprine was more effective in preventing moder[20]
ate to severe relapse in a post hoc analysis .
The most recent Cochrane analysis (2013) evaluating the efficacy of thiopurines for induction of remission
in CD compiled the results from 13 randomized control
trials including 1211 patients: 9 comparing thiopurines
[21]
to placebo and 6 using active comparators . This
analysis found no statistically significant difference in
clinical remission rates between thiopurines and placebo (48% vs 37%, respectively, when combining the
data from 5 studies with 380 total patients; RR = 1.23,
95%CI: 0.97-1.55). Thiopurine therapy was found to
be no better at inducing steroid-free remission compared to methotrexate (RR = 1.13, 95%CI: 0.85-1.49)
and 5-ASA or sulfasalazine (RR = 1.24, 95%CI:
0.80-1.91). Lastly, azathioprine was found to be significantly inferior to infliximab for induction of steroidfree clinical remission (RR = 0.68, 95%CI: 0.51-0.90).
The only benefit of azathioprine for inducing remission
in CD was found when it was used in combination with
infliximab, as combination therapy was significantly
superior to infliximab alone for induction of remission.

THIOPURINES FOR MAINTENANCE OF
REMISSION IN CD
Dating back to the 1970s, multiple controlled trials have evaluated the efficacy of azathioprine and
mercaptopurine for maintenance of remission in CD.
While several earlier studies compared azathioprine or
mercaptopurine to placebo, the more recent trials have
used active comparators.
The first randomized, double-blind, placebocontrolled trial of azathioprine for therapy of CD was
[14]
reported by Willoughby et al , in 1971. This small
study aimed to determine the effect of azathioprine 2
mg/kg/d on maintaining remission of CD once it had
been induced by prednisolone alone or in combination with azathioprine. At the end of the 24-wk study
period, 4/5 patients on azathioprine maintained remission compared to 2/5 on placebo.
Over the course of the following three decades,
multiple additional trials compared azathioprine to
[6,13,14,22-25]
placebo
. Although these trials varied in their
duration of therapy and dose of azathioprine (ranging from 1 mg/kg/d to 2.5 mg/kg/d), each added
to the growing body of literature exploring the use
of azathioprine for maintaining remission in CD. A
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2015 Cochrane review presented a pooled analysis of
[6]
the results from these seven studies . In total, 532
patients were included, and there were a statistically
higher proportion of patients who maintained remission over 6 to 18 mo with azathioprine compared to
placebo. While only 58% (168/288) of patients on
placebo maintained remission at study endpoints, 72%
(175/244) of azathioprine patients were in remission
(RR = 1.25, 95%CI: 1.11-1.42).
Two studies have compared azathioprine or mercaptopurine to 5-ASA or sulfasalazine for the maintenance
[13]
of remission in CD. In 1979, Summers et al , reported
the results from 86 patients with medically or surgically
induced CD remission who were randomized to placebo,
sulfasalazine, prednisone, or azathioprine (1 or 2.5
mg/kg/d). Over the course of one year, both patients in
the azathioprine arm and sulfasalazine arm had similar
rates of maintaining remission: 76% (53/73) azathioprine vs 68% (52/77) placebo. A second study by
[16]
Maté-Jiménez et al in 2000 reported the results from
a maintenance trial in which CD patients in remission
were randomized to either mercaptopurine 1 mg/kg/d
or 5-ASA 3 g/d for 45 wk of therapy. Though mercaptopurine was superior to 5-ASA in maintaining remission
(53% vs 0%), the numbers of patients in each study
arm were very small. A pooled analysis of the results of
these two trials found no difference between azathioprine or mercaptopurine and 5-ASA or sulfasalazine in
the proportion of patients who maintained remission at
[6]
12 mo (RR = 1.09, 95%CI: 0.88-1.34) .
One study each has compared thiopurines to
budesonide and methotrexate. In 2009, Mantzaris
[24]
et al
suggested azathioprine (2.0-2.5 mg/kg/d) to
be superior to budesonide (6-9 mg/d) in maintaining CD remission. In this prospective, randomized,
controlled one-year trial including patients with ste
roid dependent CD in remission (CDAI < 150), 76%
(29/38) of patients in the azathioprine arm maintained
remission at one year compared to 46% (18/39) in
the budesonide arm (RR = 1.65, 95%CI: 1.13-2.42).
In contrast to these positive findings, Maté-Jiménez
[16]
et al
found no difference in the rates of maintaining
remission between mercaptopurine (50%; 8/16) and
methotrexate (53%; 8/15) at 76 wk.
Finally, the most recent trial investigating the
role of azathioprine in maintaining remission in CD
utilized azathioprine in combination with infliximab
and compared maintenance rates with infliximab
[25]
[24]
alone . In this study reported by Mantzaris et al ,
47 patients with active, steroid-dependent CD were
induced with tapered steroids along with infliximab 5
mg/kg at weeks 0, 2, and 6, or combination infliximab
and azathioprine 2.5 mg/kg for 6 wk. Those entering
remission were then continued into the maintenance
phase of the trial where they were treated with either
infliximab alone (5 mg/kg every 8 wk) or combination
infliximab and azathioprine 2.5 mg/kg for 12 mo. The
rates of maintaining remission at one year were statis-
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tically similar in the combination therapy group (81%;
13/16) and the infliximab monotherapy group (80%;
16/20) (RR = 1.02, 95%CI: 0.74-1.40).
Given the cumulative results of the trials that have
been conducted, a recent Cochrane review concluded
that azathioprine is more effective than placebo for
[6]
maintenance of remission in CD . Similarly, azathioprine may be superior to budesonide for maintenance
of remission, although this conclusion is based on the
results of only one small study. Finally, thiopurines
have not yet been rigorously compared to other active
maintenance therapies, including infliximab, and more
adequately powered trials are necessary to allow for
definitive conclusions.

THIOPURINES FOR MAINTENANCE OF
SURGICALLY INDUCED REMISSION IN
CD
Approximately two thirds of CD patients will require
at least one intestinal resection, and more than 50%
will still require at least one additional surgery in
[23,26,27]
their lifetime
. It is thus imperative to optimize
post-operative prophylactic management strategies
to reduce this risk. The role of thiopurines in postoperative prevention of CD recurrence will be discussed
here.
[5]
A Cochrane analysis by Gordon et al in 2014
embodies the most up to date, extensive review of
thiopurine use as a preventative measure following
intestinal resection. However, heterogenous study
design by the trials in question makes the data less
clear. Seven randomized controlled trials involving thio[28-33]
purines were identified - four compared to 5-ASA
,
[34]
one compared to 5-ASA and adalimumab , one to
[27]
[35]
infliximab , and one to placebo alone .
Thiopurine use overall appears to reduce postoperative recurrence risk when compared to placebo
(12 mo endoscopic recurrence risk of 43.7% for aza[35]
thioprine compared to 69% for placebo) . However,
efficacy outcomes when compared to 5-ASA agents
were less clear, and did not demonstrate superiority of
[28-30,33]
one modality over the other
. However, Reinisch
[33]
et al noted that perceived lack of efficacy may relate
to suboptimal dosing strategies (with dosing based on
metabolite levels providing better remission rates).
Only two controlled trials addressed the utility of antiTNF as compared to thiopurines, and results were
[27,34]
conflicting
.
Subsequent to the Cochrane analysis above, three
randomized-controlled trials sought to examine the
impact of anti-TNF therapy on post-operative disease
recurrence, and indirectly addressed questions of
[36]
thiopurine efficacy and optimization. Regueiro et al
randomized patients to either anti-TNF therapy or
placebo after resection, and patients were instructed
to otherwise continue pre-operative therapy. Forty-six
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percent were taking a thiopurine throughout. Within
the placebo arm, 100% of patients without thiopurine
exposure experienced endoscopic disease recurrence
compared to 71.4% of those on thiopurine monotherapy, with a 28.6% reduction in recurrence (P =
0.08; the study was not powered to assess thiopurine
efficacy). Of note, combination therapy of thiopurine
and infliximab was not significantly more effective than
infliximab monotherapy, with endoscopic recurrence
rates of 27.8% and 18.5% respectively.
[37]
De Cruz et al
published data from the PostOperative Crohn’s Endoscopic Recurrence study in
which patients at medium or high risk patients for
postoperative recurrence of disease were then treated
with adalimumab, thiopurine, or none of these agents.
All patients received metronidazole initially and disease
assessment followed with a “standard” or “active”
assessment pathway, the comparison of which was
[37]
the basis of the study . Adalimumab did not appear
significantly more effective at reducing short-term
disease recurrence risk (43% endoscopic recurrence
in adalimumab arm compared to 61% recurrence in
mercaptopurine arm at 12 mo, P = 0.17). Notably,
patients in the post-operative thiopurine who were on
thiopurines prior to resection had similar outcomes
to those who were pre-operatively thiopurine naïve,
suggesting that “failing” a thiopurine preoperatively is
not necessarily a contraindication for post-operative
thiopurine use.
Finally, at the 2016 European Crohns and Colitis
Organization annual meeting, initial data from the Trial
of Prevention of Post-operative Crohn’s Disease was
presented; the largest double-blind placebo-controlled
trial to date, comparing mercaptopurine to placebo
for up to 36 mo postoperatively in 240 patients. The
primary endpoint, CDAI evidence of recurrence, was
reached in 23.2% of the placebo arm compared to
12.5% of the mercaptopurine arm (adjusted P =
0.073, unadjusted 0.046). Out to week 157, a higher
proportion of mercaptopurine patients maintained
endoscopic remission (Rutgeerts i0) than placebo
(22.5% vs 12.5%, P = 0.041). In subset analysis,
superiority of mercaptopurine over placebo was seen
in smokers [hazard radio (HR) = 0.127, 95%CI:
0.04-0.46; number-needed-to-treat (NNT) = 3], but
not in non-smokers.
Thiopurines appear to have a role in the prevention
of recurrence of disease following intestinal resection.
Consistently more effective than placebo, the utility of
thiopurines when compared to mesalamine therapy
is less clear, and may reflect a need to dose adjust
according to serum thiopurine metabolite levels. The
benefits of thiopurines use when compared to or in
conjunction with anti-TNF would ideally be stratified in
clinical practice according to the patient’s risk of recurrence and prior management strategies.
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THIOPURINES FOR INDUCTION OF
REMISSION IN UC
While there are several randomized controlled studies regarding the efficacy of thiopurines in inducing
remission in CD, there are considerably fewer high
quality controlled studies in UC. The first controlled
trials evaluating the effectiveness of thiopurines in UC
[38,39]
were published in the 1970s
. In a small study of
20 patients with active proctocolitis, azathioprine 2.5
mg/kg/d produced significant improvement in clinical
symptoms, inflammatory markers, and endoscopic and
biopsy findings, but was not superior to sulfasalazine
[38]
over a 3 mo period . A similar study in 80 patients
with flare of UC showed no benefit from the addition
of azathioprine 2.5 mg/kg/d over 1 mo compared to a
[39]
standard course of corticosteroids .
[40]
In a study by Sood et al , 83 patients with severe
UC, steroid dependent on prednisone 1 mg/kg/d and
sulfasalazine 6-8 g/d, were randomized to azathioprine
or placebo with similar remission rates between azathioprine and placebo arms (68% and 64%, respectively). In a small trial on 34 patients with UC receiving
prednisone for induction therapy, subjects randomized
to additionally receive 1.5mg/kg/d of mercaptopurine
were more likely to achieve steroid-free remission and
a Mayo Clinic score less than 7 (78.6%) compared to
patients randomized to additionally receive 3 g/d of
[16]
5-ASA (25%) over a 7.5 mo induction phase .
[41]
In an investigator-blind study by Ardizzone et al ,
72 patients with steroid dependent, clinically and
endoscopically active UC on prednisolone 40 mg/d
were randomized to azathioprine 2 mg/kg/d or oral
5-ASA 3.2 g/d. At 6 mo, patients in the azathioprine
group were more likely to experience corticosteroidfree, clinical and endoscopic remission compared to
5-ASA, both in intention-to-treat [odds ratio (OR), 4.78;
95%CI: 1.57-14.5] and per-protocol (OR = 5.26; 95%CI:
[41]
1.59-18.1) analysis .
In a meta-analysis of thiopurine induction therapy
for remission of UC, the efficacy rate was 73% (95%CI:
63%-83%) for azathioprine and 64% (95%CI:
53-75%) for placebo or 5-ASA with an insignificant
[42]
OR, of 1.59 (95%CI: 0.59-4.29) . This efficacy rate
decreased slightly to 65% (95%CI: 55-75%) based
on large number of heterogeneous, open uncontrolled,
and retrospective studies. Most of these studies, both
controlled and uncontrolled, examined very small
numbers of patients and differed significantly in study
design, patient selection, classification of steroid
dependence, thiopurine dosage, duration of induction,
evaluation of response, follow up, and handling of
[42-46]
concomitant treatments
.
More recently, thiopurines are being positioned as
part of combination therapy with TNF-α antagonists
as induction therapy. In the UC SUCCESS randomized,
double-blind trial of 239 patients with moderate to
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severe UC, 39.7% (31 of 78) of patients receiving
infliximab 5 mg/kg intravenous at weeks 0, 2, 6, and
14 with azathioprine 2.5 mg/kg/d, achieved corticosteroid-free remission at 16 wk compared with 22.1% (17
of 77) of patients receiving infliximab alone (P = 0.017)
and 23.7% (18 of 76) of patients receiving azathio[47]
prine alone (P = 0.032) . Rates of mucosal healing
were also greater in patients exposed to combination
therapy with infliximab and azathioprine compared to
[47]
azathioprine monotherapy .
In lieu of the above studies, there is not clear
evidence for the use of thiopurine monotherapy in UC
induction, however, there may be evidence for thiopurines in combination with other immunosuppressive
agents to improve the likelihood of inducing remission.

THIOPURINES FOR MAINTENANCE OF
REMISSION IN UC
In one of the first controlled trials of azathioprine
[39]
for maintenance, Jewell et al
(1974) followed 80
patients admitted for their first attack of UC, deriving
no benefit from one-year maintenance with azathio[39]
prine 2.5 mg/kg/d . Though azathioprine therapy
appeared to reduce the relapse rate in patients who
presented with flare of established UC, data failed to
reach statistical significance.
[48]
In 1992, Hawthorne et al
examined the role of
azathioprine in the maintenance of remission of UC
in 67 patients and in 12 patients with active UC or
corticosteroid dependence over the course of a year.
Patients in remission and randomized to receive or
continue azathioprine at a median dose of 100 mg/d
had a relapse rate of 36% (12/33) compared with
59% (20/34) for patients given placebo (HR = 0.5;
95%CI: 0.25-1.0). After adjusting for sex, age, duration of remission and treatments prior to study entry,
continued azathioprine therapy demonstrated a statistically significant benefit over withdrawal (HR = 0.43;
[48]
95%CI: 0.2-0.93) . For patients with active disease
at randomization, there was no benefit from continued
[48]
azathioprine therapy .
In another study of 34 patients with UC, patients
who achieved remission after induction with corticosteroids and maintained on mercaptopurine monotherapy
for 76 wk were more likely to maintain remission
(63.6%) compared to methotrexate (MTX) 15 mg/wk
[16]
(14.3%) or 3 g/d of 5-ASA (0%) . In a small study
of 45 patients with steroid-dependent UC, patients
randomized to sulfasalazine 6-8 g/d, oral prednisolone
1 mg/kg/d, and azathioprine 2 mg/kg/d had fewer
relapses of disease over one year compared to sulfasalazine 6-8 g/d and oral prednisolone 1 mg/kg/d as
[40]
corticosteroids were tapered over 12-16 wk .
In a similar study, 35 patients with newly diagnosed severe UC and randomized to sulfasalazine with
azathioprine were significantly less likely to experience
relapse of disease (4; 23.5%) compared to sulfasala-
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[49]

zine with placebo (10; 55.6%) over one year .
Moreover, maintenance of remission was significantly
longer in patients given azathioprine with sulfasala
[49]
zine compared to controls . However, in a follow up
prospective, randomized, open-label study from the
same institution on 25 patients with severe UC on oral
corticosteroids tapers, no difference was detected in
relapse rates between patients given azathioprine 2.5
[50]
mg/kg/d compared to sulfasalazine 6 g/d .
There are several other observational, retrospective, and nonrandomized trials evaluating thiopurine
[41,51-57]
therapy in UC maintenance therapy
. Data from a
meta-analysis demonstrated an overall mean efficacy
of 65% (95%CI: 62%-67%), with a mean efficacy of
66% (95%CI: 59%-73%) for steroid-resistant patients
and 71% (95%CI: 66%-77%) for steroid-dependent
[42]
patients . In evaluating fairly homogenous controlled
studies encompassing 124 patients, mean efficacy was
60% (95%CI: 51%-69%) for thiopurine therapy and
37% (95%CI: 28%-47%) for placebo and 5-ASA with
an OR, of 2.56 (95%CI: 1.51-4.34) for maintaining
[42]
remission . The authors also calculated an absolute
risk reduction of 23% with a NNT with thiopurines of 5
[42]
to prevent one relapse of disease .
According to a Cochrane analysis (2012) designed
to assess failure to maintain clinical or endoscopic
remission at 12 mo, based on 4 studies and 232
patients, there is low-quality evidence that azathioprine is superior to placebo for maintenance of remis[2]
sion in UC with a RR, of 0.68 (95%CI: 0.54-0.86) .
However, given varied treatment schedules, there was
not enough evidence to determine an effect by dose
or with combining medications. In this analysis, this
pooled risk ratio suggested a NNT with azathioprine
of 5 to prevent one relapse of disease, with an
[2]
attributable risk reduction of 21% . The authors of
this analysis did not feel the existing data supported
any meaningful evidence for thiopurines over 5-ASA
agents or sulfasalazine, with an insignificant RR, of 1.52
[2]
(95%CI: 0.66-3.50) .
Overall, there is a lack of high quality trials evaluating the use of thiopurine therapy in maintenance of
remission in UC. Existing evidence does not support
thiopurine use alone or in combination with standard
5-ASA as compared to standard maintenance with
5-ASA therapies alone for remission in UC. Thiopurines
may, however, be useful in patients who cannot
tolerate 5-ASA therapies or in patients who require
repeated courses of corticosteroids to induce remission. Considerably more data is required to further
evaluate the use of thiopurines for maintenance of
remission in UC compared to standard maintenance
therapy, particularly in the era of biologics.

THIOPURINES IN CHEMOPREVENTION
In patients with IBD, chronic intestinal inflammation
is a major risk factor for the development of gastrointestinal malignancy. In a meta analysis, quantitative
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estimates of CRC risk in UC have been reported to be
2% after 10 years, 8% after 20 years, and 18% after
[58]
30 years of disease . More recent data (2015) has
found a cumulative risk of advanced neoplasia in UC of
2%, 5.3% and 14.7% at 10, 20 and 30 years, respec[59]
tively . In addition, numerous cohort studies on CRC
in UC have noted a relationship between CRC risk with
the extent of disease, with a standardized incidence
ratio (SIR) of 1.7 for proctitis, 2.8 for left-sided colitis,
[60]
and 14.8 for pancolitis . In a population-based cohort
study, patients with CD were also shown to be at an
increased risk of CRC, with a pooled SIR of 1.9 (95%CI:
[61]
1.4-2.5) .
Although it has recently been suggested that the
risk of CRC in IBD may be overestimated and more
recent population-based studies in UC have demonstrated a decreasing risk of CRC over the past several
decades, it is clear that colonic inflammation is a major
[62]
risk factor for CRC . Based on this risk, many studies
have the examined the potential chemopreventive
benefits of medications that reduce inflammation in
IBD, with thiopurines being the most reported in the
literature. However, there is conflicting data regarding
the chemoprophylaxis effects of thiopurines on the risk
of dysplasia and CRC in IBD.
The first study to address this question was
published in 1994 from a prospective registry of 755
patients with IBD from the St. Mark’s Hospital, Lon[63]
don . In this cohort, 15 patients with UC developed
CRC with no significant modification by thiopurine
exposure. In a larger study of 364 cases of CRC and
1172 matched controls, thiopurine use in the 12
mo preceding a diagnosis of CRC was not protective
compared to unexposed controls (OR = 1.35, 95%CI:
[64]
0.92-1.98) . In another retrospective study on 315
patients from the Mount Sinai Hospital, New York,
who underwent surveillance colonoscopy, 96 (30.5%)
were exposed to thiopurines for an average duration of
7.4 years at an average dose of 60.6 ± 19.5 mg/d of
mercaptopurine equivalents. There was no protective
effect of thiopurine exposure on colorectal neoplasia
with 16% of patients exposed to thiopurines and 18%
of those unexposed progressing to any neoplasia
(HR = 1.06, 95%CI: 0.59-1.93) with 5% of patients
in each group developing advanced neoplasia (HR
[65]
= 1.30, 95%CI: 0.45-3.75) . Similarly, in a study
of 188 patients with UC-related colorectal cancer and
matched controls, there was no association between
thiopurine use and colorectal cancer (OR = 2.1, 95%CI:
[66]
0.7-7.2) . Several other studies have produced similar
findings, confirming a lack of benefit for thiopurines in
[43,67-74]
preventing CRC
.
More recent data, however, has suggested a
potential role for thiopurines in chemoprevention. In
a nationwide nested case-control study from a Dutch
pathology database of 173 cases of IBD-related CRC
and 393 matched IBD controls, patients treated
with thiopurines were less often diagnosed with CRC
compared with those never treated with thiopurines
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[75]

with an OR, of 0.36 (95%CI: 0.16-0.36) . In a Dutch
insurance-based cohort study of 2578 patients with
IBD comprising 16289 person-years of follow-up,
those who had used ≥ 50 mg of thiopurines per day
for at least 6 mo had a significantly decreased risk of
developing advanced neoplasia (adjusted HR = 0.10,
[76]
95%CI: 0.01-0.75) .
Further support for a protective effect of thiopurines
was established using data from the ENEIDA registry
(Estudio nacional en Enfermedad Inflamatoria Intestinal sobre determinantes genéticos y ambientales), a
nationwide, hospital-based, prospectively maintained,
Spanish database of incident and prevalent IBD
[59]
patients . In this study of 831 patients with UC with
26 cases of CRC and 29 cases of high-grade dysplasia,
use of thiopurines (OR = 0.21, 95%CI: 0.06-0.74,
P = 0.015) and being in a surveillance colonoscopy
program (OR = 0.33; 95%CI: 0.16-0.67; P = 0.002)
were independent protective factors for advanced
[59]
neoplasia .
[4]
In a meta-analysis by Jess et al based on two
population-based studies and 13 Clinic- and insurancebased studies, there was no significant overall protective
effect of thiopurines on colorectal neoplasia in IBD (OR
= 0.87, 95%CI: 0.71-1.06). There was, however, a
tendency toward a protective effect of thiopurines in
studies using both colorectal dysplasia and CRC as the
outcome instead of CRC alone (OR = 0.72, 95%CI:
0.50-1.05). In this analysis, a meta-regression suggested a trend toward a protective effect of thiopu
rines in more recent studies, but was not statistically
significant (meta-regression; P = 0.16). Another
meta analysis, however, based on nine case-control
and ten cohort studies demonstrated that the use of
thiopurines was associated with a significant decreased
incidence of colorectal neoplasm in IBD (RR = 0.71,
95%CI: 0.54-0.94), even after adjustment for dura[3]
tion and extent of the disease .
Although the data is not overwhelmingly clear given
the heterogeneity in the abovementioned trials, it is
likely that there is some benefit to thiopurine therapy
in reducing the risk of colitis-associated CRC in IBD.
Future prospective studies would be useful to clarify
if simply control of inflammation reduces the risk of
CRC rather than a direct effect of thiopurines and the
appropriate dosing and duration for maximizing a
potential chemoprotective benefit.

THIOPURINE ADVERSE DRUG
REACTIONS AND THE RISK OF
INFECTION
It is well established that thiopurines are effective in
treating IBD. This effectiveness, however, must be
weighted against various adverse reactions with up to
60% of patients discontinuing thiopurine therapy dur[43,77-81]
ing their disease course
. Multiple studies have
cited intolerable dose-dependent and idiosyncratic
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adverse events, such as hepatotoxicity, myelosupression and pancreatitis as primary reasons for discontinuation. Adverse effects tended to occur within the
first three months of thiopurine initiation and longer
duration of use appears to be associated with a lower
[53,78,81]
risk of discontinuation
. In a Dutch cohort study
of 363 patients over eight years of follow up, 32%
experienced hepatotoxicity, 19% gastrointestinal
effects, 12% myelosuppression, 11% pancreatitis,
[78]
11% fever, 9% general malaise, and 8% arthralgia .
Given that thiopurines have broad suppressive
effects on the immune system, benign and opportunistic
infectious complications are a serious concern to both
patients and providers. This risk is further compounded
in patients who require multiple immunosuppressive
agents such as corticosteroids and biologic therapy.
Studies have demonstrated increased rates of viral,
fungal, parasitic, bacterial, and mycobacterial infections
[82,83]
in patients exposed to thiopurine therapy
.
Retrospective analyses of patients with IBD treated
with thiopurines have showed rates of infection rang[82,83]
ing from 7.4% to 14.1%
. Viral infections are of
particular concern with a predisposition to cytomegalovirus, varicella zoster virus and Epstein-Barr virus (EBV)
infections as a result of thiopurine induced T lympho[84-88]
cyte apoptosis
. In a study from the Mayo Clinic,
thiopurine use increased the risk of an opportunistic
infection by 2-3 fold (OR = 3.8, 95%CI: 2.0-7.0) and
when combined with corticosteroids, greatly increased
[87]
the risk (OR = 17.5, 95%CI: 4.5-68) . Moreover,
data from the Crohn’s Therapy, Resource, Evaluation,
and Assessment Tool registry found that the concomitant
use of infliximab did not increase the risk of serious
infection compared to conventional immunomodulator
[86]
therapy alone over 2 years of follow-up .
Based on the above evidence, it is clear that the
increased risk of serious infection associated with
thiopurine use must be carefully balanced with the
therapeutic benefits. This increased risk of infection
requires appropriate prevention, prompt diagnosis,
and effective treatment.

THIOPURINES AND THE RISK OF
MALIGNANCY
In addition to the risk of infection, thiopurines also
increase the risk of cancer. Thiopurines promote the
development of cancer by a variety of mechanisms
including direct alteration in DNA, activation of oncogenes, reduction in immunosurveillance of malignant
[89-91]
cells, and impaired control of oncogenic viruses
.
Several population-based cohort and meta-analyses
have demonstrated that current use of thiopurines for
IBD is associated with a 1.3 to 1.7 overall relative risk
[71,92]
of cancer
. Specific cancers linked to long-standing
thiopurine use in the setting of IBD include lymphomas, myeloid disorders, and skin cancers.
Multiple studies have demonstrated an increased
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risk of Non-Hodgkin Lymphoma following thiopurine
exposure, with standardized incidence ratios ranging
from 1.6 to 37.5, with no excess risk attributed to IBD
[93-95]
itself
. The majority of lymphoma associated with
thiopurine exposure is EBV-associated, resulting from
the loss of immune control of EBV-infected B lympho[96]
cytes . More concerning, there are several cases in
the literature of fatal post-mononucleosis lymphoma
in young men who previously tested seronegative for
[93]
EBV . Furthermore, Hepatosplenic T-cell Lymphoma,
though extremely rare, is associated with thiopurine
use in combination with TNF-α antagonists in adoles[97]
cent and young males . Despite the increased risks,
recent data suggest no differences of survival with
lymphoma between patients with IBD and expected
[98]
survival for the general population .
In terms of myeloid disorders, in a study from the
Cancers Et Surrisque Associé aux Maladies inflammatoires intestinales En France (CESAME) cohort, the risk
of myeloproliferative disease was not increased among
patients with IBD or ongoing thiopurine treatment (SIR
[92]
= 1.54; 95%CI: 0.05-8.54) . However, patients with
past exposure to thiopurines had an increased risk of
[92]
myeloid disorders (SIR = 6.98; 95%CI: 1.44-20.36) .
For skin cancers, there is considerable evidence that
thiopurines increase the risk of basal cell and squa[99-101]
mous cell carcinomas
. In another study from the
CESAME cohort, an increased risk of basal cell and
squamous cell carcinomas was demonstrated in the
patients with IBD and associated with ongoing thiopurine exposure (HR = 5.9; 95%CI: 2.1-16.4) and past
[101]
thiopurine exposure (HR = 3.9; 95%CI: 1.3-12.1) .
Although there is clear evidence for a risk of primary cancers associated with thiopurine use, several
retrospective and prospective cohort studies have
demonstrated no increased risk of new or recurrent
cancer in patients with a history of cancer exposed
to thiopurine therapy. Although data is limited, the
CESAME group found that exposure to thiopurines
did not increase the risk of new or recurrent cancer in
[92]
patients with a history of cancer . In a study by the
New York Crohn’s and Colitis Organization, exposure
to TNF-α antagonists, antimetabolites (thiopurines or
methotrexate), or the combination of these agents,
was not associated with an increased risk of new or
recurrent cancer within 5 years following a diagnosis
[102]
of cancer (Log-rank P = 0.14) . Furthermore, after
adjusting for the risk of recurrence of prior cancer,
there was still no difference in risk of new or recurrent
cancer between exposure groups (anti-TNF-α HR =
0.32, 95%CI: 0.09-1.09; anti-TNF-α with an antimetabolite HR = 0.64, 95%CI: 0.26-1.59; antimetabolite
[102]
HR = 1.08, 95%CI: 0.54-2.15) .

THIOPURINE DRUG METABOLISM AND
BLOOD LEVEL MONITORING
Over the last decade, research has demonstrated that
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Figure 2 Metabolic pathway for azathioprine and mercaptopurine. AZA: Azathioprine; 6-MP: 6-mercaptopurine; 6-TU: Thiouric acid; 6-MMP:
6-methylmercaptopurine; 6-TIMP: 6-thioinosine-monophosphate; 6-MMPR: Methyl-mercaptopurine ribonucleotide; 6-TGN: Thioguanine nucleotide; XO: Xanthine
oxidase; TPMT: Thiopurine methyltransferase; HPRT: Hypoxanthine phosphoribosyl transferase; IMPDH: Inosine monophosphate dehydrogenase; GMPS:
Guanosine monophosphate synthetase.

thiopurine efficacy is dependent upon a therapeutic
blood value of 6-thioguanine nucleotide (6-TGN), the
[18]
metabolic product of the parent drug . Azathioprine
is metabolized into 6-mercaptopurine in the liver by
[103]
a non-enzymatic pathway
. After conversion into
6-mercaptopurine, different metabolic pathways compete, leading to the formation of 6-TGN by hypoxanthinephosphoribosyl transferase and 6-methylmercaptopurine by the TPMT enzymatic system (Figure 2). The
therapeutic metabolite 6-TGN inserts itself into the DNA
of leukocytes as a fraudulent base, thereby preventing
T-cell proliferation, leading to subsequent immunosup[104]
pression . In addition, studies have also demonstrated that azathioprine and its metabolites induce T cell
apoptosis by modulation of Ras-related C3 botulinum
[105]
toxin substrate 1 (Rac1) activation
. 6-methylmercaptopurine is associated with hepatotoxicity.
TPMT activity, ranging from the rare complete
deficiency in 0.3% of adults to homozygous (normal)
activity in 90% of adults, determines the breakdown to
6-methylmercaptopurine, the metabolic product causing hepatotoxicity. Prior to the assay for the presence
of TPMT, the initial dose of mercaptopurine was 50
mg/d and then complete blood counts were followed
with titration of the dose to the white blood count.
With the advent of an assay for TPMT enzyme levels, it
is now standard of care to measure its presence prior
to initiation of therapy to identify patients at risk for
toxicity. However, TPMT screening does not obviate the
need for periodic hematologic monitoring.
Moreover, several studies have shown that 6-TGN
8
levels greater than 235 pmol/8 × 10 red blood cells
[54,104,106,107]
(RBCs) correlate with therapeutic efficacy
.
This level is not weight based and although it is recommended that 6-TGN levels are monitored, especially
in nonresponsive patients, many gastroenterologists
initiate weight based dosing followed by dose titration
dictated by clinical factors and leukocyte count.
The concomitant use of 5-ASA increases 6-TGN
levels, improving therapeutic potential, however, the
combination of these medications may also lead to
[108,109]
greater risk of toxicity, especially myelotoxicity
.
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In patients with increased TPMT activity leading to high
levels of 6-methylmercaptopurine and lower levels
of 6-TGN, the addition of allopurinol has been shown
to inhibit xanthine oxidase activity resulting in higher
therapeutic 6-TGN levels and lower 6-methylmercaptopurine levels. In addition, allopurinol upregulates
aldehyde oxidase and therefore 6-thioxanthine pro[110]
duction, which then inhibits TPMT . Several studies
have reproduced these findings and dual therapy with
allopurinol can improve the therapeutic effect and
[111,112]
decrease hepatotoxicity
. Practically, the addition
of 100 mg of allopurinol should lead to decreasing the
thiopurine dose by 50% and complete blood counts
[111,113]
must be followed closely for myelosuppression
.
More recently, several studies have examined
the impact of low-dose weight-based azathioprine in
combination with allopurinol in patients with normal
TPMT activity. In a small prospective cohort, 69.6%
patients with IBD randomized to low-dose azathioprine
in combination with allopurinol 100mg were in clinical
remission without the need for steroid or biologic
treatment, and with less adverse events, at 24 wk
compared to 34.7% of the patients treated with aza[114]
thioprine monotherapy
. In an uncontrolled, retrospective, observational cohort of patients treated with
low-dose weight-based azathioprine in combination
with allopurinol, 69% with CD and 61% with UC had a
clinical response at a median of 19 mo with 52% and
54% in clinical remission, respectively, with the highest
[115]
response rates for thiopurine-naïve patients . These
studies suggest that low-dose weight-based azathioprine in combination with allopurinol may be effective
therapeutic strategy.
In patients treated with 5-ASA or allopurinol with
thiopurines, periodic therapeutic drug monitoring is
necessary in order to minimize toxicity. In addition,
in patients intolerant to thiopurines secondary to
preferential 6-methylmercaptopurine metabolism, it
is possible to achieve therapeutic 6-TGN levels while
reducing 6-methylmercaptopurine levels by splitting
[116]
the dose or changing to 6-TGN as primary therapy .
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COMBINATION THERAPY: THIOPURINES
WITH TNF-α ANTAGONISTS
Studies have also demonstrated the importance of
thiopurines in combination with anti-TNF therapies.
In an ad hoc analysis of A Crohn’s Disease Clinical
Trial Evaluating Infliximab in a New Long-term Treatment Regimen (ACCENT I) trial, it was apparent that
patients receiving concomitant immunomodulators
had an improved remission and response rate at week
[117]
52
. This was the first indicator that combination
therapy was more effective than monotherapy, likely
attributed to immunomodulators decreasing antibody
response to infliximab. Subsequently, numerous studies have supported initial evidence that immunogenicity contributes to increased formation of antibodies to
anti-TNF, leading to lower trough levels, and eventual
[118,119]
loss of response
.
The effect of combination therapy in preventing
antibody formation has been reproduced in various
studies, including both the SONIC trial and UC SUC[18,47]
CESS
. Both of these trials compared infliximab or
azathioprine monotherapy to combination therapy in
patients naïve to both anti-TNF and thiopurine therapy.
In both CD and UC, patients treated with combination
therapy were more likely to achieve corticosteroid free
remission, response, as well as mucosal healing, and
there is now ample data to suggest that combination
therapy is associated with higher anti-TNF trough
[120]
levels . In UC SUCCESS, 19% of patients receiving
infliximab monotherapy developed antibodies vs 3%
[47]
in patients receiving combination therapy . However,
sub-analysis of randomized control trials on anti-TNF
use in patients who were not naïve to either an antiTNF or thiopurine have failed to show an impact of
combination therapy on clinical outcomes, despite
[121]
less formation of antibodies. Similarly, Jones et al
studied the effect of adalimumab monotherapy vs
combination therapy in patients not naïve to both
drugs, and the data failed to show a higher remission
or response rate with combination therapy at 52 wk.
Similarly, in employing combination therapy with
adalimumab, only a modest improvement was noted
in those receiving combination therapy, with less need
[122]
for dose escalation in this sub-group .
There have been various other trials examining the
effect of combination therapy administered for 3, 6, or
9 mo with the suggestion that the initial combination
decreases the long-term antibody formation thereby
[123,124]
improving long-term clinical outcomes
. All of
the aforementioned trials incorporated weight based
azathioprine or mercaptopurine dosage.
A recent study assessed the correlation between
levels of 6-TGN with both infliximab trough and anti[125]
body levels to infliximab . Seventy-two patients who
received combination maintenance therapy had levels
of 6-TGN that significantly correlated with infliximab
trough levels and antibody levels. Contrary to 6-TGN
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levels greater than 235 pmol/8 × 10 RBCs, which
is considered therapeutic under monotherapy, those
treated with combination therapy only required a 6-TGN
8
level of 125 pmol/8 × 10 RBCs in order to decrease
antibody formation and attain therapeutic levels of
infliximab. This is the first study to suggest that prevention of antibodies to anti-TNF may require minimal
doses of an immunomodulator, which theoretically
may decrease long-term adverse effects.
Many observational trials have attempted to
answer whether combination therapy is more effective
than monotherapy. There are conflicting studies and
henceforth, still some uncertainty as to whether and
when to initiate thiopurines therapeutically as well as
in preventing antibody formation. With the advent of
more biologics and small molecules as therapy for IBD,
thiopurines may be administered in smaller doses,
and continue to play an integral role in maintaining
therapeutic response.

EXPERIENCE OVERVIEW BY DRS.
BURTON KORELITZ AND DANIEL
PRESENT: INTERVIEWED BY DR. SIMON
LICHTIGER
Induction of remission with thiopurines in CD can usually be achieved within 4 to 6 wk, with steroids serving
as a bridge. For induction of remission in ulcerative
colitis, although no randomized, placebo-controlled
trial has confirmed their efficacy, we know well from
our practice that thiopurines are effective and possibly
work faster than in CD. For postoperative prevention,
although our own studies did show statistical significance, the results are less robust than for anti-TNFs.
In lieu of enzyme testing or levels, we have always
started patients on 50 mg per day of mercaptopurine
and monitored the white blood cell count for leukopenia and the mean corpuscular volume for macrocytosis. Leukopenia would typically occur very quickly, so
labs by week two would often detect these patients.
Abnormalities in liver function are rare and we accept
mildly elevated transaminases up to 200 with clinical
efficacy. These laboratory values are also useful surrogates to assess medication compliance. For patients
with mild side effects such as rash, fever, or arthralgia,
we have found slow desensitization to be relatively
th
simple and very effective starting with 1/8 the dose
of mercaptopurine followed by a slow escalation.
However, in patients with pancreatitis, desensitization
is rarely successful and not recommended.
In our experience, opportunistic infections are
rare and more often found in patients on concomitant
steroids. We also feel that solid malignancies, such as
breast, lung, liver, pancreas, and kidney are not more
common in those treated with thiopurines. We had not
even heard of hepatosplenic T-cell lymphoma until the
advent of biologics. Dr. Present always felt his practice
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Table 1 Current evidence and dosing for thiopurines in inflammatory bowel disease
Thiopurine indication
Crohn’s disease induction
Crohn’s disease maintenance
Postoperative maintenance in Crohn’s disease
Ulcerative colitis induction
Ulcerative colitis maintenance
Chemoprevention
Preventing immunogenicity to anti-TNF

Evidence and azathioprine dose
Monotherapy, less robust evidence: 1.5-2.5 mg/kg/d[11-17]
Combination therapy with infliximab, more robust evidence: 2.5 mg/kg/d[18,19]
Monotherapy, more robust evidence: 1.5-2.5 mg/kg/d[6,13,14,22-25]
Monotherapy, more robust evidence: 2-2.5 mg/kg/d[5,28-36]
Monotherapy, less robust evidence: 1.5-2.5 mg/kg/d[16,38-42]
Combination therapy with infliximab, more robust evidence: 2.5 mg/kg/d[47]
Monotherapy, less robust evidence: 2-2.5 mg/kg/d[2,16,40,42,50]
Monotherapy, less robust evidence: dose not established[3,4,59,74-76]
Combination therapy with anti-TNF, less robust evidence: dose not established[47,117-125]

TNF: Tumor necrosis factor.

did not demonstrate any increased risk of lymphoma
with only 2 cases after more than 45 years of thiopurine use, but data demonstrates that lymphoma is
statistically increased, albeit very rare.
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CONCLUSION
Based on the above evidence and clinical experience
overview by Drs. Korelitz and Present, thiopurines have
demonstrated efficacy in a broad range of presentations of IBD (Table 1). Although extensive evidence for
thiopurines has often been limited by trial methodology and design, over 50 years of clinical experience
[126,127]
has demonstrated its efficacy and relative safety
.
With the advent of more efficacious novel therapeutic
agents with a wide variety of immunologic targets, the
positioning of thiopurines in the management of IBD
will undoubtedly change. Future studies will analyze
the benefit of thiopurines in conjunction with these
new medications, both as an individual synergistic
adjunct and as a preventive agent for the production
of antibodies to biologics. Notwithstanding, it continues
to be a useful therapeutic option as monotherapy and
in combination with other medications for inducing and
maintaining durable remission in IBD.
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Abstract
Helicobacter pylori (H. pylori ) is a gastric human pathogen
associated with acute and chronic gastritis, 70% of all
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gastric ulcers, 85% of all duodenal ulcers, and both
forms of stomach cancer, mucosal-associated lymphoid
tissue (MALT) lymphoma and adenocarcinoma. Recently,
attention has focused on possible relationship between
presence of certain virulence factor and H. pylori -asso
ciated diseases. Some contradictory data between this
bacterium and related disorders has been observed since
not all the colonized individuals develop to severe disease.
The reported diseases plausibility related to H. pylori
specific virulence factors became an interesting story about
this organism. Although a number of putative virulence
factors have been identified including cytotoxin-asso
ciated gene a (cagA ) and vacA , there are conflicting data
about their actual participation as specific risk factor for
H. pylori -related diseases. Duodenal ulcer promoting gene
a (dupA ) is a virulence factor of H. pylori that is highly
associated with duodenal ulcer development and reduced
risk of gastric cancer. The prevalence of dupA in H. pylori
strains isolated from western countries is relatively higher
than in H. pylori strains from Asian countries. Current
confusing epidemiological reports will continue unless
future sophisticated and molecular studies provide data on
functional and complete dupA cluster in H. pylori infected
individuals. This paper elucidates available knowledge
concerning role of dupA in virulence of H. pylori after a
decade of its discovery.

Core tip: Helicobacter pylori (H. pylori ) is one of the most
common bacterial infections worldwide. Ten years ago,
virB4 homologue was identified as a new virulence factor,
dupA “duodenal ulcer promoting gene A” by Lu and her
colleagues. Nowadays, new genetical analysis using
available sequences can help scientists to draw a better
conclusion about dupA and its actual role in pathogenesis
of H. pylori -related diseases. In this paper, we aim to
draw a new shaped overview regarding H. pylori and its
virulence factors with emphasis of dupA .
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Introduction
Due to the difficulty in diagnosis and fastidious condition of an optimal growth, Helicobacter pylori (H. pylori)
was an unculturable and thus forgotten microorganism
[1]
for many years . Following the clinical and histological
observations in gastritis and duodenal ulcer patients,
Marshall and Warren were able to isolate and charac[1,2]
terize this bacterium around thirty-three years ago .
New era had been started after this groundbreaking
discovery and revealed as a publication in Lancet
[1]
written by those Australian scientists . As most of
other human bacteria, H. pylori is mainly acquired
during childhood and persists for the whole life of the
[3]
colonized individual if not treated efficiently . From
bacteriologic point of view, H. pylori is a rod-shaped,
microaerophilic Gram-negative organism which coloniz[4]
ing more than half of the world population . Bacterial
colonization induces acute inflammation in the gastric
mucosa, a clinical manifestation which can be followed
by diverse gastroduodenal disorders, but noted that
only a minority of infected individuals develop severe
[4-8]
diseases include duodenal ulcer and gastric cancer .
Many virulence-associated genes of H. pylori, including
outer inflammatory protein a (OipA), vacuolating cytotoxin gene a (vacA), cytotoxin-associated gene a (cagA)
and blood-group antigen-binding adhesion (babA2) are
believed to have a critical role in determining the final
[9,10]
clinical manifestation of the infection
. Therefore,
various studies have conducted to discover better
insights into the role of these proposed virulence fac[11-14]
tors in pathogenesis of digestive diseases
. None
of the mentioned virulence factors have distinguished
as discriminating factor in the development of peptic
ulcer disease and gastric cancer. The main rationale for
different diseases outcome observed among colonized
individuals is still under debate, though scientists
proposed different array of virulence biomarkers in this
bacterium as regular answer to this question. In this
paper, we aim to open a new window for defining a
better description of a specific H. pylori virulence factor
duodenal ulcer promoting gene a (dupA) based on
current available knowledge.

VIRULENCE OF H. PYLORI
The definition of a virulence factor is referring to the
ability of a bacterium to induce and develop a disease
[15]
with a spectrum of severity . Strains possessing these
virulence factors are isolated more frequently from
patients with the more serious clinical manifestations.
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It is logic to consider that for increase the chance of
survival within harsh gastric condition H. pylori needs
such smart strategies to keep the colonization. However, virulence factors can induce more cell damage
with infiltrate immune cells to the location and thus
inflammation will be the high priority event in epithelial
[3]
cells . Due to the chronic characteristic of H. pylori
infection, scientists should expect to have particu
lar definition of virulence factors for this bacterium.
Virulence factors of H. pylori play an inevitable role in
the development of gastroduodenal diseases through
[10]
mucosal inflammation . Basically, the criteria for
being a virulence factor are (1) biologic rationale; (2)
epidemiologic consistency; and (3) enough evidences
[15,16]
for being linked with certain disease
. In order
to define a virulence factor for each bacterium, it
[17-20]
should pass many in vivo and in vitro experiments
.
However, it is worthwhile to emphasize that only a
limited number of proposed virulence factors had been
[17-19]
successfully confirmed for H. pylori
. It had been
well-documented that all H. pylori strains have several
virulence factors such as flagella and urease enzyme
[4]
since they have a critical role in bacterial colonization .
Urease enzyme (as cytoplasmic protein) is necessary
to establish primary bacterial colonization in the gastric
mucosa. H. pylori flagella provide sufficient ability to
quickly penetrate the gastric mucosa layer to avoid
[4]
exposure with harsh acid condition in the stomach .
In addition, some adhesines such as babA2, iceA1 and
Sialic acid-binding adhesin (sabA) are mostly present
in H. pylori strains, and these factors help the bacterium to attach properly to the epithelial cells and serve
[9,21]
as a unique virulence factor
. Clinically, gastric cancer and duodenal ulcer are standing in quite opposite
sides of H. pylori-related disease spectrum. It brings a
big query in the mind about disease plausibility which
only can be explained with existence of diverse, but,
specific virulence factors in this microorganism.

cagA

cagA is located at the end of the cag pathogenicity
island (PAI), which is a 39-kb region transferred
horizontally from an unknown bacterial source. The
“pathogenicity islands” include cagA encode proteins
contributing in signal transduction cascades that result
in cytoskeletal rearrangement via actin polymerization
[4]
and host cell protein phosphorylation . Virulent strains
of H. pylori possess the cagPAI. Many of H. pylori
strains from patients with peptic ulcer or gastric cancer
carry cagA, whereas many of those strains from
[4]
asymptomatically infected persons lack this gene .
Currently, we identify two major types of H. pylori
isolates: cagA gene-negative and cagA gene-positive
strains. Counting a virulence factor for cagA needs
another classification which is based on polymorphism
[4]
in Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs . In cagA positive
strains, there is a region contains the EPIYA motifs,
[4]
which contains a tyrosine phosphorylation site . Brief-
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ly, two major types (Western and Eastern cagA) were
determined according to this polymorphism. Though,
we need more biologic rationale to be consistent with
clinical evidences to present better information on how
to interoperate this classic virulence factor in H. pylori.

vacA

To now, vacA is the second most extensively investigated virulence factor of H. pylori. Virtually all H. pylori
strains have a functional vacA gene which codes for
[22]
the secreted pore-forming protein vacA . The main
difference in bacteria carrying vacA is expression
levels and disease severity which are associated with
sequence variation in different domains of secreted
[4]
protein . There is a big gap on our knowledge regarding biologic function of this protein since still many
[23-26]
contradictory findings are exist
. So we need more
investigation to determine how to count on vacA as
useful H. pylori virulence factor.

dupA

As first time, in 2005, it has been described that a
new virulence factor which was located in the plasticity
region of the H. pylori genome. PR or “plasticity region”
where composed the dupA, has a relatively high rate
[27,28]
of allelic diversity in H. pylori genomic DNA
. Whole
genome analysis of J99 and 26695 revealed regions
where G + C content was lower than rest of the H.
[29]
pylori genome (34% against 40%) . Later, since high
variability was observed in this region, it termed as
“plasticity region’’. Currently, we know that more than
60% of strain-specific genes of H. pylori are located in
this area. In J99 and 26695 strains, two regions with
lower G + C content and 45 kb and 69 kb long has
[30]
been named as plasticity zones . More than 50% of
strain specific open reading frames (ORFs) are located
in plasticity zone which are 46% and 48% unique
genes from 26695 and J99, respectively. Interestingly,
in comparison with 26695, the strain J99 has 33 more
[30]
[31]
ORF in plasticity region (jhp914-jhp951) . Lu et al
investigated this region and reported a continuous
gene covering jhp0917 and jhp0918 genes for first
time which is a risk factor for duodenal ulcer diseases.
Accordingly, they named the jhp0917-jhp0918 gene
the dupA gene. To date, many of putative H. pylori
genes have been suggested to be linked with increasing risk of digestive diseases, while none have been
confirmed to be actually associated with unique and
specific H. pylori-related disease such as gastric cancer
or duodenal ulcer. Therefore, dupA can be named as
first candidate to have achieved this distinction. Follow[31]
ing the primary study by Lu et al , a large number of
[32-42]
controversial examinations has been published
.
The global prevalence of dupA in patients with gastritis
was reported around 45% which is highly differed
among subjects with various nationality (31% in Asian
[43,44]
and 64% in Western countries)
. Therefore, among
most of Asian countries, a significant association
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between disease development and dupA status can
[38,45-54]
be reported
. In two studies, first by Imagawa
[37]
et al
patients infected with dupA-positive strains
showed higher risk to suffer from duodenal ulcer than
dupA-negative patients. In second study, we have
found that higher acid resistance of the dupA-positive
strains can explain the adaptation of those strains
[35]
to human stomach with high gastric acid output .
[31]
Indeed, Lu et al
described that infections with H.
pylori dupA-negative strains can increase the risk for
duodenal ulcer, but it reduce the chance of occurrence
[31]
for gastric . Antral induction of IL-8 production is a
main character of dupA pathogenesis causing predomi[46]
nant gastritis . The mentioned mucosal inflammation
and polymorphonuclear leukocytes (PMN) infiltration
[31]
can lead to the occurrence of duodenal ulcer . In
[55]
a systematic review by Shiota et al
with more
than 2466 patients, they confirmed an association
between certain clinical outcomes and the dupA status.
Moreover, presence of an extra 600 bp in dupA ORF in
H. pylori strains such as g27 showed that the length
of the dupA is differ among various strain, mostly
declared that dupA has two main genotypes accord[35,38,55]
ingly, (long and short type)
. Unfortunately, most
of studies in past did not consider this two types of
dupA and thus the final results by them might be cautiously useful. Another interesting topics about dupA
[38,56]
is existence of several mutations in gene length
.
At different positions, these mutations can create a
premature stop codon with considerable effects on its
[56]
produced proteins function . Strains isolated from
patients with duodenal ulcer mostly carrying dupA
without stop codon in comparison with other diseases
[27]
types . Notwithstanding, without frameshift mutation
dupA which called intact long-type dupA rather short[57]
type dupA is highly associated with gastric cancer .
It has been extensively reported that there is an
association between increased expression levels of IL-8
and dupA in the gastric mucosa of H. pylori-colonized
individuals. As expected, many reports are indicating
on gastric mucosal inflammatory cell infiltration was
significantly higher in patients with dupA-positive H.
[56,57]
pylori than in patients with dupA-negative strain
.
As such, current data suggesting that only intact long
type dupA can produce DupA protein and also serve
as real virulence factor for H. pylori strains. In brief,
current knowledge about dupA positive strain and its
subsequent diseases vulnerability insist on significant
associations between the dupA gene and an increased
risk for duodenal ulceration rather gastric cancer. As
final remarks about dupA, we can mention to these
sentences as follow: (1) Additional tests of the dupA
DNA sequence are necessary to determine actual
importance of intact dupA; also in level of proteins
with immunoblotting techniques; (2) Similar to the
cagA, it has been asserted that dupA is forming a Type
4 secretion system (T4SS) as a full gene cluster. Noted
that virB4 and dupA as homologous genes together
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are the major constituents of T4SS where located in
[52]
[38]
plasticity region ; (3) Jung et al recently examined
South American population from Colombia to see
association between dupA and virB gene homologs
and clinical outcomes. In total, we concluded that
intact dupA without shift mutation can serve as actual
virulence factor with consistent results worldwide. It
is no doubt that evaluation of various genes located
in plasticity region are required and new data in close
future can enrich our knowledge about this mysterious region of H. pylori genome; and (4) Broadly
defined, virulence of H. pylori play an essential role in
the development of severe gastroduodenal diseases
such as duodenal ulcer through mucosal inflammation. With this regard, dupA as one of important risk
factor was in focus of many researches in last years.
The discrepancy observed among the epidemiologic
studies can be explained by using various methods to
determine existence of dupA, variation in ORF and different population’s bias. Thus, despite advances in our
understanding of the development of H. pylori-related
diseases, further work is required to clarify the roles of
H. pylori virulence factors.

3
4
5
6

7
8
9

10

CONCLUSION
H. pylori plays a critical role in the development of
severe digestive diseases; though, the main virulence
determinant acting in this field are still not completely
defined. Now the question is to find the determining
item to represent this interesting disease pattern.
For sure, we admitted that H. pylori is involved in
pathogenesis of both gastric cancer and duodenal
ulcer while they are in quite opposite side of digestive
diseases, again, how we can still accept a crucial role
for H. pylori in these gastroduodenal diseases? Many
studies had been performed to elucidate actual biologic
role of dupA in development of severe gastroduodenal
[46-48]
diseases such as gastric cancer
. The observed
discrepancy of dupA link with disease outcomes might
be associate with the plasticity region of H. pylori or the
limitation of PCR to detect the various forms of dupA
gene; however, in order to draw a better conclusion
[58,59]
further experiments are required
. Interestingly,
the presence of dupA was significantly associated with
H. pylori eradication failure with no biologic explana[60-62]
tion
. In conclusion, it sounds that rather than
promoting gastric cancer or duodenal ulceration in all
populations, dupA is an effective factor for some of
populations. Because of microarray analysis as new
technology many new genes can be proposed as novel
virulence biomarker for H. pylori.
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Abstract
Pancreatic cancer is one of the deadliest cancers,

WJG|www.wjgnet.com

ranking fourth among cancer-related deaths. Despite
all the major molecular advances and treatment
breakthroughs, mainly targeted therapies, the corn
erstone treatment of metastatic pancreatic cancer
(mPC) remains cytotoxic chemotherapy. In 2016, more
than 40 years after the introduction of gemcitabine in
the management of mPC, the best choice for first-line
treatment has not yet been fully elucidated. Two main
strategies have been adopted to enhance treatment
efficacy. The first strategy is based on combining
non-cross resistant drugs, while the second option
includes the development of newer generations of
chemotherapy. More recently, two new regimens,
FOLFIRINOX and gemcitabine/nab-paclitaxel (GNP),
have both been shown to improve overall survival in
comparison with gemcitabine alone, at the cost of
increased toxicity. Therefore, the best choice for first
line therapy is a matter of debate. For some authors,
FOLFIRINOX should be the first choice in patients with
an Eastern Cooperative Oncology Group score (0-1)
given its lower hazard ratio. However, others do not
share this opinion. In this paper, we review the main
comparison points between FOLFIRINOX and GNP.
We analyze the two pivotal trials to determine the
similarities and differences in study design. In addition,
we compare the toxicity profile of the two regimens as
well as the impact on quality of life. Finally, we present
studies revealing real life experiences and review the
advantages and disadvantages of possible second-line
therapies including their cost effectiveness.

Core tip: This paper is a mini-review that compares
the design of the two pivotal trials studying the role
of FOLFIRINOX and gemcitabine/nab-Paclitaxel in the
management of metastatic pancreatic cancer. It also
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analyzes the effects these regimens have on toxicity
profile, quality of life, real life experiences, choice of
second-line therapy and cost.
Ghosn M, Ibrahim T, Assi T, El Rassy E, Kourie HR, Kattan
J. dilemma of first line regimens in metastatic pancreatic
adenocarcinoma. World J Gastroenterol 2016; 22(46):
10124-10130 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10124.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10124

INTRODUCTION
Adenocarcinoma of the pancreas is one of the most
aggressive human cancers, ranking fourth among
[1]
cancer related deaths . Recent biomolecular progress
has led to a better comprehension of pancreatic car
cinogenesis; however, the revolutionary targeted and
immune therapies have not shown any significant
[2]
results . Subsequently, cytotoxic drugs remain the
backbone of treatment for metastatic pancreatic
cancer (mPC). Gemcitabine has been the standard of
care in mPC since 1996, providing a limited survival
of six months due to the intrinsic capacity of cancer
cells and the surrounding microenvironment to resist
[3-5]
cytotoxicity . More aggressive regimens were de
veloped to overcome these resistance mechanisms.
The combination of non-cross resistant agents, GTX
(gemcitabine, docetaxel and capecitabine) and PEFG
(cisplatin, epirubicin, fluorouracil and gemcitabine),
enhanced tumor shrinkage by acting on different
stages of cell cycle and bypassing mechanisms of drug
[6-8]
resistance .
In 2011, French investigators from the Groupe
Tumeurs Digestives of Unicancer and the PRODIGE
Intergroup published the results of a phase Ⅱ/Ⅲ trial
that revealed a clinically significant survival benefit and
better quality of life for a regimen combining 5-FU/
leucovorin, oxaliplatin and irinotecan (FOLFIRINOX)
[9]
at the expense of increased toxicity . Another option
is nab-paclitaxel, which is a second generation chemo
therapy agent that exploits the ability of albumin
to deliver the hydrophobic molecule, paclitaxel, to
targeted tissues. Nab-paclitaxel was combined with
gemcitabine in the multinational MPACT phase Ⅲ
trial and added an OS benefit of 2.6 mo compared to
[10,11]
single agent Gemcitabine
. Table 1 summarizes
the efficacy of the FOLFIRINOX and gemcitabine/nabpaclitaxel (GNP) as published in the pivotal studies of
ACCORD/PRODIGE and MPACT trials, respectively.
The best choice for first-line therapy is a matter of
debate. The National Comprehensive Cancer Network
(NCCN) panel considers FOLFIRINOX as the first
choice for Eastern Cooperative Oncology Group (ECOG)
0-1 patients given its lower HR for death, whereas
nab-paclitaxel should be reserved for ECOG 2 patients
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(NCCN 2016). Conversely, ASCO and ESMO consider
both regimens as acceptable treatment options for
[12,13]
ECOG 0-1 patients
. Indirect comparisons using the
ESMO magnitude of clinical benefit scale show a higher
score for the FOLFIRINOX regimen when compared
to GNP (5/5 vs 2/5, with a higher score indicating a
better regimen in terms of survival benefit and qua
[14]
lity of life) . In addition, a Bayesian meta-analysis
comparing multiple systemic protocols in advanced
pancreatic cancer showed a trend toward better
[15]
survival with FOLFIRINOX compared to GNP . In view
of this debate, we conducted this review to discuss
the main comparison points between FOLFIRINOX
and GNP, including the design of the two pivotal trials,
toxicity profiles, quality of life, real life experiences,
choice of second-line therapy and cost effectiveness.

TRIAL DESIGN: PRODIGE VS MPACT
The PRODIGE and MPACT trials were both randomized
controlled trials (RCTs) based on an intent to treat
principle and included 342 and 861 patients with mPC,
respectively. Both trials had nearly the same tumor
[9,16]
characteristics
. Additionally, the median age (61
years for both trials) and sex ratio (1.6 for PRODIGE
and 1.3 for MPACT) were nearly identical. However, the
French trial included only patients less than 76 years
old with good performance status based on the ECOG
evaluation system (ECOG 0-1). In contrast, the MPACT
trial did not specify an age limit (age ranged from 27
to 86 years) and included patients with intermediate
performance status based on the KPS system (KPS
< 90 in nearly 42% of patients). In addition, the
PRODIGE trial only included patients from French
centers while the MPACT trial was a multinational study
including patients from North America (63%), Australia
(14%), and Eastern (15%) and Western Europe (9%).
In addition, patients in the Gemcitabine arm of the
PRODIGE trial received only 6 mo of therapy even if
they were not progressing (17%), nearly half of whom
did not continue. While some authors do not consider
these differences important given that the survival
curves of the gemcitabine arm in the two trials are
“superimposable”, others do not share this opinion. In
fact, Gemcitabine is a well-known drug that is tolerated
in the elderly population, even in intermediate health
systems such as that of Eastern Europe. The same
is not true when a new drug such as nab-paclitaxel
is added to gemcitabine. In fact, the forest plot in
the MPACT study clearly shows an effect of age and
[17]
country on hazard ratio. In the same sense, Tehfe et al
published an analysis of patients from Canada (a subgroup of the MPACT trial) and showed an OS equal to
11.9 mo in the GNP arm compared to 7.1 mo in the
gemcitabine arm with a hazard ratio of 0.76. However,
this subgroup analysis included only 63 patients and
was underpowered to detect a statistically significant
result.
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Table 1 Comparison of the pivotal studies approving FOLFIRINOX and gemcitabine/nab-paclitaxel in metastatic pancreatic cancer
ACCORD/PRODIGE trial (FOLFIRINOX )
Study characteristics

Patient and tumor characteristics

Duration
Location
Number of patients
Study design
Control arm
Median age
Sex distribution
ECOG

December 2005-October 2009
France
342
Phase 2-3
Gemcitabine
61 years
Male (62%)
PS 0 (37.4%)
PS 1 (61.9%)
PS 2 (0.6%)
Metastatic
Liver (87.6%)
Lung (19.4%)
Peritoneum (19.4%)
Head (39.2%)
31.6
31
38.6
70.2
6.4
11.1
48.4
45.7
5.4
9.1
7.8
23.6
9
12.7
0.6
11.2
42.5

Tumor stage
Metastatic sites

Response

Safety (Grade 3-4 toxicities)

Side effects

Tumor location
ORR (%)
PR (%)
SD (%)
DCR (%)
PFS (mo)
OS (mo)
1-yr OS (%)
Neutropenia
Febrile neutropenia
Thrombocytopenia
Anemia
Fatigue
Peripheral neuropathy
Diarrhea
Toxic death
Alopecia
G-CSF use

[9]

MPACT trial (GNP)

[10]

May 2009-April 2012
Multinational
861
Phase 3
Gemcitabine
62 years
Male (57%)
KPS 100 (16%)
KPS 80-90 (77%)
KPS 60-70 (7%)
Metastatic
Liver (85%)
Lung (35%)
Peritoneum (4%)
Head (44%)
23
23
27
48
5.5
8.5
35
38
3
13
13
17
17
6
4
50
26

DCR: Disease control rate; GNP: Gemcitabine/nab-paclitaxel; PR: Partial response; ORR: Overall response rate; OS: Overall survival; SD: Stable disease.

TOXICITY AND QUALITY OF LIFE
The toxicity profile of a chemotherapy regimen is
a major contributor in its adoption. Based on the
two trials, hematologic toxicity is in favor of the
FOLFIRINOX regimen and includes a lower incidence
of neutropenia (45% vs 38%) (although the use of
G-CSF was more common), anemia (7.8% vs 13%),
and thrombocytopenia (9.1% vs 13%). The remain
[9,16]
ing toxicities are listed in Table 1
. Peripheral neu
ropathy attributed to Nab-paclitaxel is a particular
debilitating toxicity; grade 3 peripheral neuropathy
was encountered in 17% of the patients but improved
[10]
to grade 1 toxicity or less in a median of 29 d . Reallife studies with a closer follow-up of patients showed
fewer side effects compared to those reported in the
[18]
clinical trials . Chemotherapy-induced hair loss is
often a major determinant of the treatment regimen
selected and was more commonly encountered in the
[9,16]
GNP regimen (50% vs 11.2%)
.
Overall, FOLFIRINOX remarkably improved global
health status, emotional functioning and many of the
symptoms of mPC, such as pain and anorexia (although
FOLFIRINOX did not relieve diarrhea), in the first two
months of treatment. It also showed significantly
[19]
increased time to physical or cognitive deterioration .
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On the other hand, quality of life was not assessed in
the MPACT trial. In contrast, GNP showed significant
improvement in quality-adjusted survival in comparison
to gemcitabine alone using the Quality-Adjusted
Time Without Symptoms or Toxicities (Q-TWiST) me
thodology, despite the limitations of the Q-TWiST
analysis and the lack of prospective quality of life data
[8]
from the MPACT trial .
Because significant toxicity was not uncommon,
more tolerable treatment regimens were created by
modifying the administration or drug dosing sche
dule. In the modified FOLFIRINOX regimens, either
the 5-fluorouracil bolus was omitted or the dose of
[20]
irinotecan was reduced. Stein et al
published solid
data in a prospective study, enrolling both locally
advanced and mPC patients who received a modified
FOLFIRINOX regimen including a 25% dose reduction
in 5-FU or irinotecan. These modifications successfully
maintained the efficacy of the drugs while significantly
decreasing the toxicity profile (decreased neutropenia,
vomiting and fatigue). Additional exploratory analyses
of the MPACT trial showed that patients who had dose
delays or reductions (71% and 41%, respectively)
[8]
had better outcomes . These practical changes are
capable of modifying the tolerance profile of the drugs
while preserving efficacy. Tables 2 and 3 compare the
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Table 2 Comparison of the FOLFIRINOX and modified FOLFIRINOX trials

Study design
Patient and tumor
characteristics

[20]

[21]

[22]

ACCORD/PRODIGE
[9]
trial (FOLFIRINOX)

Stein et al
Modified
FOLFIRINOX

Mahaseth et al
(Modified
FOLFIRINOX)

Ghorani et al
(Modified
FOLFIRINOX)

Location
Number of patients
Study design
Dosing

France
342
Phase 2-3 Prospective

United States
36
Phase 2 Prospective
No 5-FU bolus

Median age
Sex distribution
ECOG

61 years
Male (62%)
PS 0 (37.4%)
PS 1 (61.9%)
PS 2 (0.6%)
Metastatic

United States
44
Phase 2 Prospective
25% reduction in bolus 5-FU
and irinotecan doses
62
Male (56.8%)
PS 0 (46%)
PS 1 (54%)

United Kingdom
18
Retrospective
No 5-FU bolus and 25%
reduction in irinotecan doses
60
Male (44.6%)
PS 0 (56.6%)
PS 1 (44.4%)

Tumor stage
Metastatic sites

Tumor location
ORR (%)
PR (%)
SD (%)
DCR (%)
PFS (mo)
OS (mo)
1-yr OS (%)
Safety (grade 3-4
Neutropenia
Febrile N.
toxicities)
Thrombocytopenia
Anemia
Fatigue
Peripheral neuropathy
Diarrhea
Toxic death
Additional information
Response

Liver (87.6%)
Lung (19.4%)
Peritoneum (19.4%)
Head (39.2%)
31.6
31
38.6
70.2
6.4
11.1
48.4
45.7
5.4
9.1
7.8
23.6
9
12.7
0.6

Metastatic
Liver (54.1%)
Lung (32.4%)
Peritoneum (37.8%)
Head (54.8%)
35.1
35.1
51.5
86.6
6.1
10.2
38
12.2
4.1
9.5
5.4
12.2
2.7
16.2
0
Pegfilgastrim on each cycle

63
Male (56.8%)
PS 0 (22%)
PS 1 (76%)
PS 2 (1%)
Metastatic

NA
30
NA
NA
NA
8.5
9
NA
3
0
4
13
4
13
0
Pegfilgastrim on each
cycle

Locally advanced and
metastatic

Head (566%)
47
47
23
80
7.2
9.3
NA
0
5.6
0
0
5.6
0
16.7
0
Pegfilgastrim on each cycle

DCR: Disease control rate; PR: Partial response; ORR: Overall response rate; OS: Overall survival; SD: Stable disease.

classical to the modified form of FOLFIRINOX and GNP
[20-23]
respectively
.

CHOICE OF SECOND-LINE
The optimal treatment sequence dictates the choice of
first-line treatment for mPC. In fact, in the PRODIGE
trial, only 47% of the patients were fit enough to receive
second-line therapy while only 12.5% of patients
received a second-line therapy after initially receiving
a gemcitabine-based combination, yet the median OS
was limited to 4.4 mo among those receiving secondline treatments. On the other hand, in the MPACT trial,
40% of the patients received additional therapy after
[24]
GNP . According to these data, similar numbers of
patients were able to receive second-line therapy after
either FOLFIRINOX or GNP.
Data on the administration of GNP after FOLFIRINOX
failure in the literature is limited to a few retrospec
tive studies with conflicting data. The AGEO trial,
a prospective multicenter study, evaluated the use
of GNP in the second-line setting after FOLFIRINOX
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failure. The disease control rate was 58% with a
17.5% overall response rate and OS of 8.8 mo. Twelve
patients (21%) had an ECOG of 2, and 40% had grade
[25]
3-4 toxicities without any treatment-related deaths .
[26]
In another retrospective study by Zhang et al , 28
patients treated with the same regimen showed less
satisfactory results, with an OS of 23 wk.
Small retrospective studies assessed the efficacy of
FOLFIRINOX in the second line setting with a modest
improvement in OS, but none evaluated its efficacy
[27,28]
after GNP
. In fact, the only data available is from
the exploratory analyses of the second line treatment
of the MPACT trial, where FOLFIRINOX (despite
demonstrating interesting data) was only administered
to 18 patients (10.5% of the whole population), calling
[16]
the use of this treatment sequence into question .
Consequently, definitive recommendations con
cerning the optimal sequence of therapy cannot be
made. The prospective data from the AGEO trial makes
GNP a better and more plausible option as a secondline option after FOLFIRINOX administration. However,
large RCTs are needed to create newer guidelines.
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Table 3 Comparison of the gemcitabine/nab-paclitaxel and modified gemcitabine/nab-paclitaxel trials
MPACT trial
Study design

Location
Number of patients
Dosing
Study design
Median age (yr)
Sex distribution
Tumor stage
Metastatic sites

Patient and tumor
characteristics

Safety (Grade 3-4 toxicities)

[10]

Krishna et al

(GNP)

International
861

(Modified GNP)

United States
49
Omission of Day 7 doses
Retrospective
65
Male (57%)
Metastatic
Liver (57%)
Lung (27%)
Peritoneum (43%)
Head (51%)
4.8
11.1
10
4
15
6
2
0

Phase 3
62
Male (57%)
Metastatic
Liver (85%)
Lung (35%)
Peritoneum (4%)
Head (44%)
5.5
8.5
38
13
13
17
17
6

Tumor Location
PFS (mo)
OS (mo)
Neutropenia
Thrombocytopenia
Anemia
Fatigue
Peripheral neuropathy
Diarrhea

[23]

GNP: Gemcitabine/nab-paclitaxel; OS: Overall survival; PFS: Progression free survival.

COST-EFFECTIVENESS
In addition to weighing efficacy and safety, oncologists
must evaluate financial considerations to choose the
optimal chemotherapy regimen. In fact, the NCCN
shows a tendency toward incorporating the financial
burden of cancer drugs into its decision-making
strategy. Cost-effectiveness of each regimen is largely
dependent on the societal willingness-to-pay (WTP)
threshold set by each country. For instance, setting the
WTP in Canada at $130000 makes the FOLFIRINOX
regimen the optimal strategy in mPC. However,
decreasing the limit to $80000 renders Gemcitabine
[29]
monotherapy the only possible therapeutic choice .
Similarly, the increased WTP threshold in Greece
rendered the GNP protocol a potential option in the
[30]
treatment of patients with mPC .
Both FOLFIRINOX and GNP showed consistent
cost-effectiveness and cost-utility with superior
[31,32]
survival efficacy in independent analytical studies
.
However, it is not until recently that the values of
each regimen were compared. The value of the di
fferent regimens in mPC was compared based on
Medicare rates, which take into consideration the
cost and administration of the drug, hospitalization
and management of associated adverse events. The
monthly costs of FOLFIRINOX and GNP were $7234
and $12221 respectively. However, the cost of the
overall treatment based on progression free survi
val in each protocol was estimated at $46289 and
$67216. FOLFIRINOX seemingly exhibits higher costeffectiveness than GNP according to these results.
However, it is worth mentioning that the cost of the
FOLFIRINOX regimen is mainly due to its toxicity
profile. Dosing modifications could limit the incidence
of serious side effects and thus further increase the
cost-effectiveness of this protocol (Monthly cost of
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FOLFIRINOX is $763 versus $9008 for the GNP protocol).
Consequently, in September 2015, the National Institute
for Health and Care Excellence recommended against
the use of GNP in patients with mPC due to the limited
benefits in comparison to the cost of the drug. An
alternative cheaper option that might be considered is
modified GNP (which is yet to be validated), which has
[33]
an overall treatment cost of $36226 .

CONCLUSION
Overall, both FOLFIRINOX and GNP result in better
overall survival and quality of life. In the absence of
direct comparison, the treatment choice for patients
with mPC is determined by physical toxicity and
financial cost, both of which favor the FOLFIRINOX
regimen. Further studies should aim to evaluate the
modified schedules and dosing of both regimens in
multinational RCTs and search for biomarkers that
[34]
predict response to treatment . In addition, the
choice of first-line therapy in the future may not be
limited to these two regimens, as newly developed
drugs/therapeutic strategies should be tested in clinical
trials to find more efficacious options for patients with
good performance status.
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Abstract
AIM
To investigate histologic abnormalities in the gastric
smooth muscle of patients with diabetes mellitus (DM).
METHODS
Full-thickness gastric specimens were obtained from
patients undergoing surgery for gastric cancer. H&E
stain and Masson’s Trichrome stain were performed
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to assess the degree of fibrosis. Immunohistochemical
staining using various antibodies was also performed
[antibodies against protein gene product 9.5 (PGP9.5),
neuronal nitric oxide synthase (nNOS), vasoactive
intestinal peptide (VIP), neurokinin-1 (NK1) receptor,
c-Kit, and platelet-derived growth factor receptor-alpha,
(PDGFRα)]. Immunofluorescent staining and evaluation
with confocal microscopy were also conducted.
RESULTS
Twenty-six controls and 35 diabetic patients (21 shortduration patients and 14 long-duration patients) were
included. There were no significant differences in
basic demographics between the two groups except
in mean body mass index (BMI) (higher in the DM
group). Proportions of moderate-to-severe intercellular
fibrosis in the muscle layer were significantly higher
in the DM group than in the control group (P < 0.01).
On immunohistochemical staining, c-Kit- and PDGFRαpositive immunoreactivity were significantly decreased
in the DM group compared with the control group (P <
0.05). There were no statistically significant differences
in PGP9.5, nNOS, VIP, and neurokinin 1 expression.
On immunofluorescent staining, cellularity of interstitial
cells of Cajal (ICC) was observed to decrease with
increasing duration of DM.
CONCLUSION
Our study suggests that increased intercellular fibrosis,
loss of ICC, and loss of fibroblast-like cells are found in
the smooth muscle of DM patients. These abnormalities
may contribute to changes in gastric motor activity in
patients with DM.
Key words: Diabetes mellitus; Interstitial cells of Cajal;
Fibroblast-like cell; Gastroparesis; Enteric nerve system
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we discovered that increased
intercellular fibrosis, loss of interstitial cells of Cajal,
and loss of fibroblast-like cells are found in the smooth
muscle of diabetes mellitus (DM) patients. These abnor
malities may contribute to changes in gastric motor
activity in patients with DM.
Park KS, Cho KB, Hwang IS, Park JH, Jang BI, Kim KO, Jeon
SW, Kim ES, Park CS, Kwon JG. Characterization of smooth
muscle, enteric nerve, interstitial cells of Cajal, and fibroblastlike cells in the gastric musculature of patients with diabetes
mellitus. World J Gastroenterol 2016; 22(46): 10131-10139
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10131.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10131

INTRODUCTION
Diabetes mellitus (DM), a metabolic disease caused by

WJG|www.wjgnet.com

failure of blood sugar control, is a very common dis[1]
order, with a prevalence of 8.7% in adults . It is well
known that a lack of treatment of DM results in critical
damage by causing acute complications (such as diabetic ketoacidosis or nonketotic hyperosmolar coma)
along with chronic complications including nephropa[2]
thy, angiopathy, neuropathy, and ophthalmopathy . It
is also known that the majority of DM patients suffer
one or more gastrointestinal (GI) symptoms, which
involve abdominal pain, early satiety, constipation,
diarrhea, nausea, vomiting, and fecal incontinence,
and that these symptoms result in a lower quality of
[3-8]
life for patients . Although the mechanisms of GI
complications in DM patients are still not completely
understood, GI motor disturbance appears to play
a critical role. Because factors including GI smooth
muscle, intrinsic or extrinsic enteric nervous system
(ENS), and GI hormones are involved in the control of
GI motility, it is possible to hypothesize that damage
to these factors causes GI dysmotility, and various GI
[9]
symptoms might occur according to the sites involved .
Gastroparesis, a kind of GI complication of DM,
[10]
is characterized by delayed gastric emptying , and
occurs as a result of a problem in postprandial gastric
[9,11,12]
contraction activity
. The major symptoms of
gastroparesis include postprandial fullness, early
satiety, nausea, vomiting, abdominal distension, and
abdominal pain. Although many other diseases and
circumstances such as medication, connective tissue
disorders, neurologic disorders, and tumors can also
be related to gastroparesis, DM is the most common
[3,9,11,13]
cause
. In the past, diabetic gastroparesis was
regarded as an ambiguous and rare condition that
was caused by the irreversible damage of the vagal
nervous system, which occurs after an extremely long
presence of type 1 DM; however, since the introduction of the “gastric transit time” concept, many studies
have been conducted into the pathophysiology of
[5,11,12,14]
diabetic gastroparesis
.
For an intact gastric emptying, synergic and appropriate movements of the proximal stomach, distal
stomach, pylorus, and small intestine play critical roles.
The role of the nervous system, which controls the
gastric smooth muscle, is extremely important during
[15]
gastric emptying . However, recent studies show
that the intragastric motor neurotransmission process
causing gastric contraction is more complex than a
simple process in which the neurotransmitters from
nerve endings combine with the receptors of smooth
muscle cells (SMC), and it is well known that the interstitial cells of Cajal (ICC) play a very important role
[16-20]
during this neurotransmission process
. Although
there is not enough information about the roles in this
neurotransmission process, fibroblast-like cells (FLCs)
also show network connections to SMC via gap junctions. Therefore, it is reasonable to assume that FLCs
[21]
perform some role in the GI contraction process .
We can estimate the degree of expression of FLCs by
immunohistochemical or immunofluorescent staining,
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A

B

Figure 1 Tissue-sampled sites. Full-thickness tissue samples (2 cm × 1 cm
size) were obtained from tumor-free sites in fundus, less curvature of corpus,
and less curvature of antrum.

because they are widely stained with antibody to
[22]
platelet-derived growth factor receptor α (PDGFRα) .
Research into the pathophysiology of diabetic gastroparesis has hitherto been performed by means of
animal models; not only is research using human gastric tissue rare, but the results also do not match well
with those of animal models. Therefore, we intend to
investigate how SMC, ENS, ICC, and FLCs are affected
in DM using human gastric smooth muscle tissue.

C

MATERIALS AND METHODS
Subjects and tissues

Gastric specimens were obtained from gastric cancer
patients who had been admitted to four university
hospitals (Keimyung University Dongsan Hospital,
Youngnam University Hospital, Kyungpook National
University Hospital, Catholic University of Daegu
Hospital) in Daegu province, South Korea, for surgery.
Shortly after gastrectomy, entire layered tissues of 1
cm × 2 cm in size were taken from areas free of cancer
infiltration and used for various microscopic evaluations.
The tissues were taken from fundus, lesser curvature of corpus, and lesser curvature of antrum in the
cases of total gastrectomy, and were taken from lesser
curvature of corpus, and lesser curvature of antrum in
the cases of subtotal gastrectomy (Figure 1). The tissues were obtained shortly after surgery, and removed
tissues were fixed in formalin immediately.
The study protocol was reviewed and approved by
the Institutional Review Board at Keimyung Univer
sity Dongsan Hospital, Daegu, South Korea. A precise
explanation of the protocol was given to each patient
by a coordinator, and all the patients provided written
informed consent before inclusion in this study.

H/E and Masson’s Trichrome stain

Tissue samples were fixed in formalin and embedded
in paraffin. Sections (4-µm thick) were stained with
H&E (hematoxylin and eosin) and Masson’s Trichrome
to evaluate the degree of fibrosis of the muscularis
propria layer. Each microscopic evaluation was per-
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Figure 2 Degree of intercellular fibrosis. A: Mild fibrosis means minimal
fibrosis without bridging; B: Moderate fibrosis means bridging fibrosis without
encirclement; C: Severe fibrosis means muscle fiber-encircling fibrosis. Masson’s
Trichrome stain (× 200).

formed by the same pathologist who was blind to the
group to which the patient belonged. The degree of
fibrosis was estimated by consulting the criteria which
are used for the estimation of hepatic fibrosis in chronic
[23]
hepatitis : mild fibrosis means minimal fibrosis
without bridging; moderate fibrosis means bridging
fibrosis without encirclement; severe fibrosis means
muscle fiber-encircling fibrosis (Figure 2). The degree
of fibrosis was compared between the two groups (no
or mild fibrosis vs moderate or severe fibrosis).

Immunohistochemical staining

Sections (4-µm thick) from tissue embedded in a
®
paraffin block were mounted on Superfrost Plus
glass slides (VWR Scientific, West Chester, PA, United
States) and incubated at 60 ℃ for 15 min. Slides were
deparaffinized in xylene, rehydrated in graded alcohol,
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Carl Zeiss, Jena, Germany), using a C-Apochromat
objective lens (× 40). Image analysis was completed
with LSM software (version 3.98, Carl Zeiss, Jena, Germany). Intensity of fluorescence in the DM group was
compared with that in the control group and expressed
as a percentage.

Table 1 Patient demographics n (%)

Age (years)
Gender
Male
Female
BMI (kg/m2)
UGI symptoms
Yes
No

DM (n = 35) Control (n = 26)
62.3 ± 8.9
59.7 ± 10.4

P value
0.297

24 (68.6)
11 (31.4)
24.2 ± 3.1

15 (57.7)
11 (42.3)
22.6 ± 3.0

0.428

26 (74.3)
9 (25.7)

22 (84.6)
4 (15.4)

0.366

0.045

Statistical analysis

UGI: Upper gastrointestinal; DM: Diabetes mellitus; BMI: Body mass
index.

and washed in tap water. Endogenous peroxidase
activity was blocked by incubating the sections with
3% H2O2. Slides were placed in a steam cooker that
was filled with 10 mmol/L sodium citrate buffer (pH
6.0) for antigen retrieval. After treatment with protein
block (DAKO, Carpinteria, CA, United States) for 10
min to block nonspecific protein binding, the rabbit
monoclonal or polyclonal antibody for PDGFR-α (sc-338,
Santa Cruz Biotechnology, Dallas, TX, United States),
neuronal nitric oxide synthase (nNOS) (EP1855Y,
Abcam, MA, United States), neurokinin-1 (NK1) receptor (NB100-74469, Nobus, CO, United States), protein
gene product 9.5 (PGP9.5) (318A-16, Cell Marque,
CA, United States), vasoactive intestinal peptide (VIP)
(NB100-6568, Nobus, CO, United States), and c-kit
(sc-5535, Santa Cruz Biotechnology, Dallas, TX, United
States) were applied for 1 h, respectively. After reaction with a biotinylated anti-mouse antibody for 30
min, antigen-antibody complexes were visualized using
a streptavidin-horseradish peroxidase conjugate (DAKO
LSAB kit; DAKO, Los Angeles, CA, United States) and
diaminobenzidine as a chromogen. Slides were counterstained with Mayer’s hematoxylin for 3-5 min. The
results were expressed as stained cell numbers under
high magnification (× 400). Each value was calculated
from a mean of three different sites.

Immunofluorescent staining

After washing sections (4-µm thick) from tissue
embedded in paraffin block with phosphate-buffered
saline (PBS, pH 7.4) and 3% dehydroxide solution
for 5 min, sections were preincubated with blocking
solution (Invitrogen, Carlsbad, CA, United States)
for 30 min before being incubated with the antiICC (ab5506, Abcam, Cambridge, United Kingdom).
After the sections were incubated for 90 min with the
primary antibodies, they were washed with PBS again
before being incubated with secondary antibody (Alexa
Fluor 488 goat anti-rabbit antibody, Invitrogen, CA,
United States) for 90 min at 24 ℃. After rewashing
with PBS, the specimens were counterstained with
4’,6-diamidino-2-phenylindole (DAPI) and mounted.
The immunostained tissues were evaluated with
confocal laser scanning microscopy (LSM 5 EXCITER;
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Values were compared between the DM and control
groups. If necessary, subgroup analyses of the DM
group between long-term (prevalent 10 or more years)
and short-term (prevalent less than 10 years) groups
were performed. The SPSS statistical package ver.
20.0 (SPSS Inc., Chicago, IL, United States) was used
for statistical analyses. All data are presented as the
mean ± SD for continuous variables and as frequency
or percentage for categorical variables. Student’s t-test
was used for the comparison of continuous variables
2
and a Pearson’s χ test for that of categorical variables.
P values less than 0.05 were considered statistically
significant.

RESULTS
Patient characteristics

From four university hospitals, 61 patients were registered: 39 were male and 22 were female. Thirty-six
patients underwent total gastrectomy and 25 received
subtotal gastrectomy. The number of patients in the
control group was 26 and that of DM patients was 35;
among the DM patients, 14 had suffered DM for 10
or more years. Age, gender, and frequency of upperGI symptoms did not significantly differ between the
two groups; however, patients in the DM group had
2
a body mass index (BMI) of 24.2 ± 3.1 kg/m , which
was higher than the average BMI of the control group,
2
which was 22.62 ± 3.0 kg/m (P = 0.045) (Table 1).

Fibrosis

Frequency of moderate or severe fibrosis appeared
to be 80.0% in the antrum, 85.7% in the body, and
81.3% in the fundus for the DM group. However, in the
control group, the frequency of moderate or severe
fibrosis was 30.8% in the antrum, 42.3% in the body,
and 28.6% in the fundus. Therefore, the degree of
fibrosis was statistically higher in the DM group in all
areas of the stomach (Table 2). However, the DM duration did not affect the degree of fibrosis in any part of
the stomach.

Immunohistochemical staining

When observed at high-power magnification (× 400),
the number of c-Kit (+) cells, indicating ICC, appeared
to be 11.6 ± 3.6 in the antrum, 12.3 ± 3.8 in the
body, and 12.1 ± 3.4 in the fundus of the control
group, whereas the antrum, body, and fundus of the
DM group yielded c-Kit (+) cell numbers of 8.4 ± 2.9,
8.0 ± 2.8, and 8.4 ± 2.4, respectively. Therefore, the
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A

Table 2 Degree of intercellular fibrosis n (%)
DM (n = 35) Control (n = 26)

Degree of fibrosis
Antrum
Moderate to severe
None or mild
Body
Moderate to severe
None or mild
Fundus
Moderate to severe
None or mild

P value
< 0.001

28 (80.0)
7 (20.0)

8 (30.8)
18 (69.2)

30 (85.7)
5 (14.3)

11 (42.3)
15 (57.7)

13 (81.3)
3 (18.8)

6 (28.6)
15 (71.4)

0.001

0.003

DM: Diabetes mellitus.

B

Table 3 Results of immunohistochemical stain

c-Kit
Antrum
Body
Fundus
PDGFRα
Antrum
Body
Fundus
PGP9.5
Antrum
Body
Fundus
nNOS
Antrum
Body
Fundus
VIP
Antrum
Body
Fundus
NK1R
Antrum
Body
Fundus

DM (n = 35)

Control (n = 26)

P value

8.35 ± 2.89
7.98 ± 2.84
8.27 ± 2.40

11.63 ± 3.64
12.29 ± 3.84
12.16 ± 3.38

0.001
0.000
0.001

7.45 ± 1.96
6.73 ± 2.37
5.33 ± 2.73

7.49 ± 2.58
9.13 ± 4.00
7.16 ± 1.90

0.965
0.010
0.021

18.39 ± 5.16
15.47 ± 3.94
12.89 ± 5.76

18.64 ± 6.09
17.38 ± 4.98
14.22 ± 5.84

0.930
0.090
0.656

9.01 ± 4.01
7.75 ± 2.22
5.67 ± 2.61

8.17 ± 3.06
8.06 ± 3.79
6.08 ± 2.42

0.393
0.976
0.747

4.73 ± 2.25
5.19 ± 2.14
3.79 ± 2.09

4.79 ± 2.90
5.33 ± 2.40
5.05 ± 2.94

0.720
0.952
0.256

0.65 ± 0.74
0.77 ± 0.78
0.54 ± 0.40

0.36 ± 0.38
0.59 ± 0.63
0.57 ± 0.60

0.253
0.460
0.705

C

D

DM: Diabetes mellitus; PDGFRα: Platelet-derived growth factor receptor α;
PGP9.5: Protein gene product 9.5; nNOS: Neuronal nitric oxide synthase;
VIP: Vasoactive intestinal peptide; NK1R: Neurokinin 1 receptor.

number of c-Kit (+) cells was lower in the DM group
than in the control group in all areas of the stomach (P
< 0.001) (Table 3; Figure 3A and B).
However, the average PDGFRα (+) cell numbers
in the control group were found to be 7.5 ± 2.6 in the
antrum, 9.1 ± 4.0 in the body, and 7.2 ± 1.9 in the
fundus, whereas the antrum, body, and fundus of the
DM group yielded PDGFRα (+) cell numbers of 7.5 ±
2.0, 6.7 ± 2.4, and 5.3 ± 2.7, respectively. Therefore,
fewer PDGFRα (+) cells were found in the body (P =
0.010) and the fundus (P = 0.021) of the DM group
compared to those of the control group (Table 3; Figure
3C and D).
There were no significant differences between both
groups with regard to degree of expression of PGP9.5,
nNOS, VIP, or NK1 receptor in any areas of stomach
(Table 3).
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Figure 3 Immunohistochemical staining of interstitial cells of Cajal (upper
panel) and platelet-derived growth factor receptor α-positive fibroblastlike cells (lower panel) in the human gastric corpus (× 200). Cellularity of
ICC is higher in the control group (A) than in the DM group (B). Cellularity of
FLCs is higher in the control group (C) than in the DM group (D). DM: Diabetes
mellitus; FLCs: Fibroblast-like cells.

Immunofluorescent staining

Immunofluorescence intensity of c-Kit (+) cells was
100.0% ± 13.2% in the control group, 64.1% ± 0.7%
in the DM group of < 10 years’ duration, and 36.1%

10135

December 14, 2016|Volume 22|Issue 46|

Park KS et al. Gastric musculature in DM Patients

A

B

50 μm

C-KTT expression level
(% of mean fluorescent intensity)

D

C

50 μm

50 μm

120

100

80

60

40

20

0

Normal

DM (10 yr ↓)

DM (10 yr ↑)

Figure 4 Immunofluorescent staining of interstitial cells of Cajal in the human gastric corpus. Panels (A), (B), and (C) show representative images from the
control, DM of < 10 years’ duration, and DM of > 10 years’ groups, respectively. Cellularity of ICC decreases with increasing duration of DM (D). DM: Diabetes mellitus;
ICC: Interstitial cells of Cajal.

± 5.1% in the DM group with > 10 years’ duration.
Therefore, with increasing DM duration, the density of
c-Kit (+) cells appeared to decrease (Figure 4).

DISCUSSION
In this research, the effects of DM on SMC, ENS, ICC,
and FLCs (all related to GI motility) were investigated.
Results showed that DM patients have excessive
amounts of fibrosis in their gastric smooth muscles;
decreased density of ICC and PDGFRα was also found
in these patients.
Because formerly reported studies related to the
gastric smooth muscle were achieved by means of
animal experimentation and only a few studies used
human gastric tissue, human gastric smooth muscle
samples excised during cancer surgery were used in
this study.
The tissues used in this study were taken from
regions isolated from the cancer foci. Although the
duration of gastric cancer was not consistent in each
patient and the possibility that the cancer itself might
affect the structure of adjacent smooth muscle cannot
be disregarded, we included cancer surgery cases
because it is difficult in practice to obtain gastric
smooth muscle tissue samples from cases other than

WJG|www.wjgnet.com

[16,24]

these
.
Extrinsic nerve (such as vagus or sympathetic
[25,26]
[16,19,27]
nerve) dysfunction
, ICC dysfunction
, intrin[16,28]
sic enteric nerve dysfunction
, and smooth muscle
[29]
dysfunction itself
have been consistently suggested
as factors that affect gastric motility disorder during
the causation of gastroparesis in DM patients. In
this study, markers for these components were also
observed by means of immunohistochemical and
immunofluorescent staining.
Although several reports indicate that DM patients
showing gastroparesis also show dysfunction of
[25,26]
extrinsic nerve cells
, this could not be observed in
this study because the tissues excised were too small.
Because it is unrealistic to stain entire specimens for
observation, it seems more appropriate to measure
pancreatic or gastric secretory function after stimulation of the vagal nerve to evaluate the function of the
gastric extrinsic nervous system.
Results from previous studies regarding changes
in the gastric smooth muscle in DM patients are not
consistent. Several studies report the degeneration
[30]
and fibrosis of smooth muscle ; however, one report
demonstrated no relationship of early DM with fibro[31]
sis . These results suggest that fibrosis of the gastric
smooth muscle might indicate an advanced state of
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diabetic complication. In our study, the ratio of moderate or severe fibrosis was significantly higher in the
DM group than in the control group, but there was no
difference according to the prevalent duration of DM.
This result suggests that fibrosis of the gastric smooth
muscle begins during the early stage of DM.
Since the role of ICC is accepted to be extremely
critical for proper GI motility, several GI motility
disorders have been confirmed to be caused by
[32-34]
ICC damage
. The pathophysiology of diabetic
gastroparesis has also been established to involve
damage to ICC, not only in animal experiments but
[27]
also in a human study . This damage includes both
a decrease in the number of ICC and microstructural
[35]
abnormality . Recent studies have shown that
Ano-1 is the most important protein involved in the
electrophysiological role of ICC, and that abnormalities
in Ano-1 are involved in the development of diabetic
[36]
gastroparesis . In this study, we also proved that the
number of ICC is decreased in all gastric areas of DM
patients, and that these numbers are more severely
decreased in long-term cases of DM. However, we
could not investigate the degree of Ano-1 expression
and microstructural abnormality of ICC; further investigations into this are necessary.
FLCs that express PDGFRα are interstitial cells that
are assumed to have a particular role in GI motility
and are connected to SMC through gap junctions.
Although located very close to ICC, ultrastructural
and functional aspects of FLCs are distinct from those
[21]
of ICC . Located very close to nerve endings, FLCs
are considered to have a role in neurotransmission,
[37,38]
especially within purinergic neurotransmission
. In
this study, whereas a decrease in FLCs was observed
in the gastric body and fundus of the DM group, no
difference in the numbers of FLCs was observed in
the antrum of the DM group compared to that of the
control group. Considering that the fundus and upper
body of the stomach play important roles in gastric
accommodation through postprandial relaxation, it can
be hypothesized that the damage in gastric accommodation caused by the FLCs decrease might be the
major element causing gastroparesis in DM patients.
Further research will be necessary after considering
the functional aspects of FLCs.
The damage caused to not only the extrinsic nervous system but also the intrinsic ENS in the diabetic
animal model has long been investigated and has led
to the elucidation of the impairment of nonadrenergic
noncholinergic neurotransmission, impaired post[39,40]
receptor response to adrenalin
, and especially
[33,41]
impaired NO-mediated neurotransmission
. One
study showed the impairment of several kinds of
neurotransmitters including nNOS in colonic smooth
[42]
muscle of DM patients , while another report showed
decreased expression of both nNOS and NK-1 in the
[16]
gastric smooth muscle of DM patients . Therefore,
reduced expression of nNOS was anticipated in this
research as well; however, no difference in nNOS

WJG|www.wjgnet.com

expression was observed between the DM group and
control group. The result also did not exhibit any difference between the two groups with regard to expressions of NK-1 receptor, PGP9.5 (neuronal marker), and
VIP. Further investigation using immunofluorescence
may be helpful in providing more clarity.
There are several limitations of our study. First,
the symptom intensity and serial glucose level of
each patient from the DM group were not analyzed.
Because DM patients do not always show symptoms
of gastroparesis, further study for the identification
of pathologic factors associated with the presence
or degree of symptoms will be necessary. Second,
physiologic studies for investigation of gastric smooth
muscle function and mechanism of muscular fibrosis
were not performed. Additional studies on how the
pathologic abnormalities observed in this study and
gastric smooth muscle dysfunction affect each other
might be helpful in the discovery of the mechanism
of gastric dysmotility and the subsequent symptoms.
Lastly, according to recent animal studies, the differentiation process of macrophages plays an important
[43,44]
role in the causation of diabetic gastroparesis
;
however, experiments on this process could not be
performed in this study. Because very little research
into the role of the macrophage differentiation process
in the causation of diabetic gastroparesis has been
performed in human tissue, future study on this topic
is needed.
Despite these limitations and the necessity for
future research, this study is valuable because abundant human tissues were used to identify effects on
SMC, ICC, and FLCs in DM patients and the findings
considered the prevalent duration of DM.
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of fibroblast-like cells were found in the gastric smooth muscle of DM patients.
These findings suggest that changes in gastric motor activity in patients with
DM may be caused by these abnormalities.
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Abstract
AIM
To explore the relationship between colonic secretory
function and colonic motility.
METHODS
Using a rat model chronically implanted with intracere
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broventricular (ICV) and cecal catheters, we validated
the correlation between colonic secretion and colonic
motor functions, as well as the role of ICV injection
volume.
RESULTS
Compared to saline controls (5 μL/rat), ICV acyl
ghrelin at 1 nmol/5 μL enhanced the total fecal weight,
accelerated the colonic transit time, and increased the
fecal pellet output during the first hour post-injection,
while ICV des-acyl ghrelin at 1 nmol/5 μL only
accelerated the colonic transit time. These stimulatory
effects on colonic motility and/or secretion from acyl
ghrelin and des-acyl ghrelin disappeared when the
ICV injection volume increased to 10 μL compared
with saline controls (10 μL/rat). Additionally, the ICV
injection of 10 μL of saline significantly shortened the
colonic transit time compared with the ICV injection of
5 μL of saline. The total fecal weight during the first
hour post-injection correlated with the colonic transit
time and fecal pellet output after the ICV injection
of acyl ghrelin (1 nmol/5 μL), whereas the total fecal
weight during the first hour post-injection correlated
with the fecal pellet output but not the colonic transit
time after the ICV injection of des-acyl ghrelin (1
nmol/5 μL).
CONCLUSION
Colonic secretion does not always correlate with colonic
motility in response to different colonic stimulations.
Acyl ghrelin stimulates colonic secretion.
Key words: Colonic transit time; Fecal pellet output;
Ghrelin; Intracerebroventricular injection; Secretion;
Transit
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The colokinetic effects of acyl ghrelin and desacyl ghrelin depend on the intracerebroventricular (ICV)
injection volume, and the acute increase of the ICV
volume accelerates the colonic transit time. In addition,
acyl ghrelin, rather than des-acyl ghrelin, stimulates
colonic secretion. Colonic secretion does not always
correlate with colonic motility in response to different
colonic stimulations.
Huang HH, Ting CH, Syu YF, Chang SC, Chen CY. Correlation
between colonic secretion and colonic motility in rats: Role
of ghrelin. World J Gastroenterol 2016; 22(46): 10140-10147
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10140.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10140

INTRODUCTION
The colonic motor function is assessed by the colonic
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transit time (CTT), geometric center of colonic motility,
and fecal pellet output. The fecal pellet output is a
simple and easy method to measure colonic motor
[1,2]
function . Recently, the geometric center method has
been validated as a good measure to evaluate colonic
transit; however, it requires the use of radiochromium
which limits its application. The CTT using trypan blue
dye is another option to measure the entire colonic
motor function. This method has the advantage of no
radioactivity. Our recent study showed that human/rat
[3,4]
corticotropin releasing factor (h/r CRF) , in addition
to ghrelin as demonstrated by other studies, accelerated the CTT in conscious fed rats, using the trypan
blue dye method. Peripheral CRF injection was also
[5]
shown to increase the fecal output and secretion .
Ghrelin is a 28-amino acid peptide that is mainly
[6,7]
synthesized in the gastric oxyntic glands . Acyl ghrelin and des-acyl ghrelin are the two major molecular
forms of ghrelin found in the stomach and plasma. Acyl
ghrelin is a ghrelin peptide acylated by ghrelin O-acyl
[8,9]
transferase , and des-acyl ghrelin is produced with
[10,11]
lacking O-n-octanoylation at serine 3
. Acyl ghrelin
[12]
is well known as an orexigenic gut-brain peptide and
has the ability to regulate the gastrointestinal motil[13]
[14,15]
ity
and energy balance
. In contrast, des-acyl
ghrelin is known to decrease food intake and disrupt
[16,17]
the gastric motility
. Intracerebroventricular (ICV)
injection of acyl ghrelin has been reported to speed
[18]
the CTT , but the impact of des-acyl ghrelin through
ICV injection on the colonic motor function is still
unexplored.
In the current study, first, we aimed to investigate
the effects of des-acyl ghrelin on colonic secretory and
motor functions, as well as to validate the relationship
between colonic secretion and motility. Second, we
aimed to investigate the role of ICV injection volume
in our unique rat model which can simultaneously
measure the colonic motility and secretion in conscious
rats.

Materials and methods
Animals

Male Sprague-Dawley rats (National Laboratory Animal
Center, Taipei, Taiwan) weighing 250-320 g at the initial period of the experiment were used and housed in
group cages under controlled illumination (light cycle:
08:00-20:00), humidity and temperature of 22.5 ±
1.5 ℃, and free access to water and laboratory chow
pellets (LabDiet®, Brentwood, MO, United States).
All experiments were performed starting at 9 a.m. in
freely moving conscious rats, in accordance to guidelines which have been approved by the Institutional
Animal Care and Use Committee, Taipei Veterans
General Hospital.

Surgery

Implantation of the ICV catheter: For ICV implan
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tation, the rats were anesthetized with sodium pentobarbital (50 mg/kg, Nembutal; Abbott Laboratories,
Abbott Park, IL, United States) by intraperitoneal
injection, placed in a stereotaxic apparatus (Bench
mark™, myNeuroLab, St. Louis, MO, United States),
and implanted with a guide cannula (25-gauge; Eicom,
Kyoto, Japan), which reached the right lateral ventricle.
The stereotaxic apparatus was placed 0.8 mm posterior to the bregma, 1.4 mm right lateral to the midline,
and 4.5 mm below the outer surface of the skull using
a stereotaxic frame with the incisor bar set at the
horizontal plane passing through the bregma and lam
[19,20]
bda
. The guide cannula was secured, a dummy
cannula (Eicom) was inserted into the guide cannula,
and a screw cap (Eicom) was placed as described in
[19,20]
our previous study
. The rats were allowed 7 d for
full recovery before food intake measurement after
the implantation of the ICV catheters. If the rats did
not increase their body weight 7 d after the operation,
they were considered to have been injured during the
operation and were excluded. All ICV injections with a
total volume of 10 μL were administered over 60 s via
the AMI-5 (Eicom).
Implantation of the colonic catheter: The rats
were anesthetized with sodium pentobarbital (50
mg/kg, Nembutal; Abbott) by intraperitoneal injection. After laparotomy of the lower abdomen, the
proximal colon was exposed and a catheter (3 Fr, 1-mm
diameter; ATOM) was implanted into the proximal
[3,4,21]
colon, 2 cm distal from the cecocolonic junction
.
The catheter was fixed with a purse-string suture at
the colonic wall and routed subcutaneously to the
interscapular region, exteriorized through the skin,
and secured together with an intravenous catheter for
[3,4,21]
intracolonic administration of the dye marker
. The
animals were allowed to recover for 7 d before simultaneous measurement of colonic motor and secretory
functions.

Preparation of drugs

Rat O-n-octanoylated ghrelin (Peptides International,
Inc., Luisville, KY, United States) and rat des-acyl ghrelin (Peptides International) were kept in powder form
at -20 ℃, and dissolved in sterile, pyrogen-free 0.9%
saline (Otsuka, Tokyo, Japan) immediately before use.

Colonic motor and secretory function tests

Measurement of the CTT: The measurement of
colonic motor and secretory function was modified
[3,4,21]
from our previous studies
. The CTT was calculated
using an enteral non-absorbable dye marker, trypan
blue (Sigma Chemical Co., St. Louis, MO, United
States). The dye (0.2 mL) was injected through the
catheter positioned in the proximal colon, followed by
a 0.2 mL saline flush 10 min after the ICV injection of
acyl ghrelin and des-acyl ghrelin (1.0 nmol/rat). The

WJG|www.wjgnet.com

CTT was defined as the time interval between the dye
injection and the discharge of the first blue pellet.
Measurements of fecal pellet output and total
fecal weight: The rats were accustomed to single
housing for 7 d before the experiment. The total number of pellets was recorded every hour for 2 h following
an intracolonic injection of trypan blue. The total fecal
material was collected every hour for 2 h following the
intracolonic injection of trypan blue, and its content
[3,4,21]
was weighed as the total fecal weight
.

Statistical analysis

All the results are expressed as mean ± standard
error of the mean. One-way analysis of variance followed by the Student-Newman-Keuls post-hoc test
was used to detect the differences among groups.
The relationship between total fecal weight, CTT, and
the fecal pellet output in response to the ICV injection
of either saline, acyl ghrelin, or des-acyl ghrelin was
analyzed by Spearman’s nonparametric correlation.
Differences were considered statistically significant
when P < 0.05.

Results
The ICV injection of acyl ghrelin (1 nmol/5 μ L/rat)
significantly accelerated the CTT, and increased the
fecal pellet output and total fecal weight during the
first hour post-injection, but des-acyl ghrelin (1 nmol/5
μ L/rat) only significantly accelerated the CTT

As compared with saline controls (5 μL/rat), ICV
acyl ghrelin (1 nmol/5 μL/rat) and des-acyl ghrelin
(1 nmol/5 μL/rat) significantly accelerated the mean
CTT from 292 to 236 and 234 min, respectively (P <
0.05, Figure 1A). During the first hour post-injection,
ICV acyl ghrelin (1 nmol/5 μL/rat) also significantly
increased the fecal pellet output and total fecal weight
(P < 0.05, Figure 1B and D). ICV acyl ghrelin (1
nmol/5 μL/rat) did not affect the fecal pellet output and
total fecal weight during the second hour post-injection
(P > 0.05, Figure 1C and E). ICV des-acyl ghrelin (1
nmol/5 μL/rat) did not affect either the fecal pellet
output or total fecal weight during first and second
hour post-injection (P > 0.05, Figure 1C and E).

An increased ICV injection volume shortened the CTT,
which led to the disappearance of the colokinetic effects
of acyl ghrelin and des-acyl ghrelin (1 nmol/10 μ L/rat)
An ICV injection of 10 μL of saline significantly shortened the mean CTT from 292 to 191 min compared
to the ICV injection of 5 μL of saline (P < 0.05, Figure
1A and F). Moreover, the ICV injection of acyl ghrelin
(1 nmol/10 μL/rat) and des-acyl ghrelin (1 nmol/10
μL/rat) did not have any effects on the CTT, fecal pellet
output, and total fecal weight, compared to saline
controls (10 μL/rat, Figure 1F-J).
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Saline (5 μL/rat, n = 36)
Acyl ghrelin (1 nmol/5 μL/rat, n = 12)
Des-acyl ghrelin (1 nmol/5 μL/rat, n = 12)
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Figure 1 Effects of acyl ghrelin and des-acyl ghrelin on the colonic transit time (A and F), fecal pellet output (B, C, G, and H), and total fecal weight (D,
E, I, and J) during the first and second hour post-injection at different intracerebroventricular injection volumes (5 μL/rat: A-E vs 10 μL/rat: F-J). Data are
presented as mean ± standard error of the mean. aP < 0.05, vs saline controls.
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Saline (5 μL/rat, n = 36)
Acyl ghrelin (1 nmol/5 μL/rat, n = 12)
Des-acyl ghrelin (1 nmol/5 μL/rat, n = 12)
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Figure 2 Pooled data demonstrating the relationships among total fecal weight (A-D), colonic transit time (A, B, C, and F), and fecal pellet output (C-F)
stimulated by saline, acyl ghrelin, and des-acyl ghrelin with the intracerebroventricular injection volume at 5 μL.

Relationships between total fecal weight, CTT, and fecal
pellet output with an ICV injection volume of 5 μ L

We pooled the data from the ICV injection of saline,
acyl ghrelin, and des-acyl ghrelin at 5 μL, and analyzed
the correlations among total fecal weight, CTT, and
fecal pellet output. The total fecal weight did not correlate with the CTT during the first hour and second hour
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post-injection (P > 0.05, Figure 2A and B), whereas
the total fecal weight exhibited a significantly positive
correlation with the fecal pellet output (P < 0.001,
Figure 2D and E). The CTT had a negative correlation
with the fecal pellet output during the first hour (P <
0.05, Figure 2C) but not the second hour post-injection
(P > 0.05, Figure 2F).
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Figure 3 The relationships among total fecal weight, colonic transit time, and fecal pellet output during the first hour post-injection stimulated by either
acyl ghrelin (A and B) or des-acyl ghrelin (C and D) with the intracerebroventricular injection volume at 5 μL.

Relationships between total fecal weight, CTT, and
fecal pellet output during the first hour post-injection
stimulated by acyl ghrelin and des-acyl ghrelin,
respectively, with an ICV injection volume at 5 μ L

[22]

We analyzed the correlations between total fecal
weight, CTT, and fecal pellet output during the first hour
post-injection, in response to ICV injection of either
acyl ghrelin or des-acyl ghrelin with the volume at 5 μL.
The total fecal weight significantly correlated with the
CTT and fecal pellet output during the first hour after
ICV acyl ghrelin (1 nmol/5 μL/rat) injection (P < 0.01,
Figure 3A and B). The total fecal weight significantly
correlated with the fecal pellet output, but not the
CTT, during the first hour after ICV des-acyl ghrelin (1
nmol/5 μL/rat) injection (P < 0.001, Figure 3C and D).

Discussion
In the present study, we first demonstrated the in vivo
effects of ICV des-acyl ghrelin on colon motor and
secretory functions. ICV injection of des-acyl ghrelin at
1 nmol/5 μL accelerated the CTT without altering the
fecal pellet output and total fecal weight during the first
hour and second hour post-injection. Acyl ghrelin and
ghrelin mimetics have been previously shown to exhibit
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colokinetic effects such as shortening the CTT
and
[23]
decreasing the time to the first bowel movement ,
and may have the clinical implication in relieving diet[24]
induced constipation in a rat model . In addition to
accelerating the CTT and increasing the fecal pellet
output during the first hour post-injection, we also
showed that the ICV injection of acyl ghrelin at 1 nmol/5
μL enhanced the total fecal weight during the first hour
post-injection, which is consistent with the results that
intrathecal but not intravenous application of acyl ghrelin
to the L6-S1 region of the spinal cord increased the fluid
[25]
output through the anal cannula . Therefore, in our
current study, the stimulatory properties of acyl ghrelin
on the colonic secretion and motility are confirmed.
Although an acute increase of the ICV pressure has
been reported to immediately suppress the amplitude
[26]
of gastric and duodenal contractions in rabbits , the
effects of the ICV injection volume on colonic secretion
and motility still remain obscure. Our study was the
first to demonstrate that the increased ICV injection
volume (from 5 μL to 10 μL) shortened the CTT in
saline controls. Because the CTT has been shortened
in the saline controls, the stimulating effects on colonic
motility and/or secretion by either acyl ghrelin or desacyl ghrelin disappeared when the ICV injection vol-
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ume increased to 10 μL at the same dose (1 nmol/rat).
Acute moderate to severe head injury patients have
[27]
been shown to have prolonged gastric emptying .
An increased intracranial pressure is proposed to be
[28]
the major cause of gastric motility dysfunction . The
finding that an acutely increased ICV injection volume
shortened the CTT may be explained by the increased
intracranial pressure in a limited intracerebroventricular space, though we did not measure the increased
intracranial pressure in our current study.
The CTT is considered a reflection of the motor
function in the entire colon, while the fecal pellet
output is the reflection of the distal colonic motor
[29]
function . This means that the acceleration of the
colonic transit is not always equal to the increase of
fecal pellet output. A recent rodent study indicated
that the central administration of CRF and restraint
stress accelerate the colonic transit but do not always
[28]
correlate with the increase of fecal pellet output .
Our results are in accordance with this point (Figure 2B
and C). We also showed that the ICV injection of acyl
ghrelin enhanced the CTT, fecal pellet output, and total
fecal weight, while the ICV injection of des-acyl ghrelin
only accelerated the CTT. Therefore, we propose that
acyl ghrelin accelerates the entire colon and distal
colonic motor functions, whereas des-acyl ghrelin,
lacking O-n-octanoylation at serine 3, may have
greater effects in stimulating the proximal colon motor
function without altering the distal colonic motility. In
addition, our findings provide new information regarding the relationship between colonic secretion and
motility. The finding that the total fecal weight during
the first hour post-injection correlated with the CTT
stimulated by the ICV injection of acyl ghrelin (Figure
3A) but not des-acyl ghrelin (Figure 3B) suggests that
colonic secretion does not always correlate with colonic
motility in response to different colonic stimulations.
In conclusion, the colokinetic effects of acyl ghrelin
and des-acyl ghrelin depend on the ICV injection
volume, and the acute increase of the ICV volume
accelerates the CTT. In addition, acyl ghrelin, rather
than des-acyl ghrelin, stimulates colonic secretion.
Colonic secretion does not always correlate with colonic
motility in response to different colonic stimulations.

Research frontiers

The intracerebroventricular (ICV) injection of acyl ghrelin has been reported to
speed the colonic transit time (CTT), but the impact of des-acyl ghrelin through
ICV injection on the colonic motor function is still unexplored.

Innovations and breakthroughs

This is the first study to investigate the effects of des-acyl ghrelin on colonic
secretory and motor functions, as well as to validate the relationship between
colonic secretion and motility. This is also the first study to evaluate the role of
ICV injection volume on the colonic motility and secretion in conscious rats.

Applications

Using a rat model chronically implanted with ICV and cecal catheters, the
authors validated the correlation between colonic secretion and colonic motor
functions, as well as the role of ICV injection volume.

Terminology

The colokinetic effects of acyl ghrelin and des-acyl ghrelin depend on the ICV
injection volume, and the acute increase in ICV volume accelerates the CTT. In
addition, acyl ghrelin, rather than des-acyl ghrelin, stimulates colonic secretion.
Colonic secretion does not always correlate with colonic motility in response to
different colonic stimulations.

Peer-review

Colonic secretion does not always correlate with colonic motility in response to
different colonic stimulations in rats: role of intracerebroventricular injectional
volume. The aims of this study were to investigate the influences of des-acyl
ghrelin on colonic secretory and motor functions, as well as to validate the
relationship between colonic secretion and motility. Also the authors aimed to
appraise the role of ICV injectional volume in our unique rat model which can
simultaneously measure the colonic motility and secretion in conscious rats.
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Abstract
AIM
To investigate the role of the complement 5a (C5a)/
C5a receptor (C5aR) pathway in the pathogenesis of
acute liver failure (ALF) in a mouse model.
METHODS
BALB/c mice were randomly assigned to different
groups, and intraperitoneal injections of lipopolysac
charide (LPS)/D-galactosamine (D-GalN) (600 mg/kg
and 10 μg/kg) were used to induce ALF. The KaplanMeier method was used for survival analysis. Serum
alanine aminotransferase (ALT) levels, at different
time points within a 1-wk period, were detected with a
biochemistry analyzer. Pathological examination of liver
tissue was performed 36 h after ALF induction. Serum
complement 5 (C5), C5a, tumor necrosis factor-α
(TNF-α), interleukin (IL)-1β, IL-6, high-mobility group
protein B1 (HMGB1) and sphingosine-1-phosphate
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levels were detected by enzyme-linked immunosorbant
assay. Hepatic morphological changes at 36 h after
ALF induction were assessed by hematoxylin and eosin
staining. Expression of C5aR, sphingosine kinase 1
(SphK1), p38-MAPK and p-p38-MAPK in liver tissue,
peripheral blood mononuclear cells (PBMCs) and peri
toneal exudative macrophages (PEMs) of mice or RAW
264.7 cells was analyzed by western blotting. C5aR
mRNA levels were detected by quantitative real-time
PCR.
RESULTS
Activation of C5 and up-regulation of C5aR were
observed in liver tissue and PBMCs of mice with ALF.
Blockade of C5aR with a C5aR antagonist (C5aRa
C5aRa) significantly reduced the levels of serum
ALT, inflammatory cytokines (TNF-α, IL-1β and IL-6)
and HMGB1, as well as the liver tissue damage, but
increased the survival rates (P < 0.01 for all). Blockade
of C5aR decreased SphK1 expression in both liver
tissue and PBMCs significantly at 0.5 h after ALF
induction. C5aRa pretreatment significantly downregulated the phosphorylation of p38-MAPK in liver
tissues of ALF mice and C5a stimulated PEMs or RAW
264.7 cells. Moreover, inhibition of p38-MAPK activity
with SB203580 reduced SphK1 protein production
significantly in PEMs after C5a stimulation.
CONCLUSION
The C5a/C5aR pathway is essential for up-regulating
SphK1 expression through p38 MAPK activation in ALF
in mice, which provides a potential immunotherapeutic
strategy for ALF in patients.
Key words: Acute liver failure; C5a/C5aR; p38-MAPK;
Sphingosine kinase 1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies and our work show that SphK1
and complement activation play an important role in
systemic inflammation in acute liver failure (ALF). It
has been shown that C5a activates sphingosine kinase
1 (SphK1) in macrophages. However, the mechanism
of C5a-induced SphK1 activation is unknown. In this
study we found that excessive activation of C5 and upregulation of C5aR in liver tissue, and the C5a/C5aR
pathway is essential for potentiating SphK1 expression
through p38 MAPK activation in ALF. To our knowledge,
this is the first report of the mechanism of C5a-induced
SphK1 activation, which provides a potential immuno
therapeutic strategy for ALF in patients.
Lei YC, Lu CL, Chen L, Ge K, Yang LL, Li W, Wu YH. C5a/
C5aR pathway is essential for up-regulating SphK1 expression
through p38-MAPK activation in acute liver failure. World J
Gastroenterol 2016; 22(46): 10148-10157 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i46/10148.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i46.10148
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INTRODUCTION
Despite availability of efficient antiviral drugs and
artificial liver support system, acute liver failure (ALF)
remains a largely intractable clinical problem, with high
[1]
mortality rates (about 80%) . It often requires urgent
liver transplantation due to the limited therapeutic
[1-3]
options . Growing evidence suggests that ALF can
trigger systemic inflammation through release of
pro-inflammatory cytokines, such as tumor necrosis
[4,5]
factor-α (TNF-α), interleukin (IL)-1β, and IL-6 .
Sphingosine kinase 1 (SphK1) is an intracellular
signaling enzyme that generates the lipid media
[6]
tor sphingosine-1-phosphate (S1P) . Several proinflammatory stimuli, including complement 5a (C5a),
activate SphK1 on macrophages, and blockade of
[7-9]
SphK1 attenuates inflammatory responses . Previous
studies have shown that SphK1 plays a critical role in
[10]
sepsis-induced inflammatory responses , and our
recent work showed that expression and activation
of SphK1 play an important role in ALF in a mouse
[11,12]
model
.
The C5a fragment is the most powerful proinflammatory anaphylatoxin generated during com
[13]
plement activation . Increasing evidence suggests
that excessive C5a can cause deleterious exaggeration
of the innate immune responses during bacterial
[14-16]
infections
. In animal models of sepsis, blockade
of the C5a/C5aR pathway attenuates organ injury
[16]
and increases survival rates in mice . Recent studies
indicate that complement activation plays an important
role in lipopolysaccharide (LPS)/D-galactosamine
(D-GalN)- and acetaminophen (APAP)-induced ALF in
[17,18]
mice
. Moreover, C5a is over-produced during ALF,
and inhibition of C5aR signaling alleviates liver injury in
[17]
an animal model of ALF .
Based on the above results, we speculated that
activation of the C5a/C5aR pathway plays an important
role in SphK1 activation in ALF. Here, we report that
SphK1 activation relies on C5a/C5aR interactions,
which involve the mitogen-activated protein kinase
(MAPK) signaling pathway. Blocking C5a/C5aR inte
ractions effectively prevents LPS/D-GalN-induced ALF
in mice, indicating that intervention of complement
activation may be a useful immunotherapeutic strategy
for ALF in patients.

MATERIALS AND METHODS
Animal model of ALF and treatment

Male BALB/c mice, weighing 20 ± 0.5 g, were obtained
from the Experimental Animal Center of Nanchang
University (Nanchang, China). Specific pathogenfree male mice around 6-wk-old were used for all
experiments. Mice were handled and treated in
accordance with the strict guiding principles of the
National Institution of Health for experimental care
and use of animals and approved by the animal care
and use committee of Zhejiang Hospital. After ALF was
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induced, mice were sacrificed at the indicated time
[12]
points as described previously . Mice were randomly
assigned to five groups (12 mice per group): PBS
group, ALF group, C5aR antagonist (C5aRa) or cobra
venom factor (CVF) pretreatment group, and C5aRa
+ CVF pretreatment group. All of the groups were
observed for 1 wk.

Blockade of C5aR and complement depletion

For blockade of C5aR, mice were intraperitoneally
injected with 1 mg/kg C5aRa (GL Biochem Ltd.,
Shanghai, China) 30 min before D-GalN/LPS challenge
or treatment with PBS as a mock control. Complement
was depleted by two intraperitoneal injections (7.5
U each in 200 μL of saline/mouse) of CVF (Quidel
Corporation, San Diego, CA, United States). The first
injection was given 24 h before D-GalN/LPS or saline
administration, and the second injection was given 5 h
after the first CVF injection. This was done to prevent
any adverse effects of rapid loss of complement.

Quantification of alanine aminotransferase and detection
of serum cytokines, high-mobility group protein B1, C5,
C5a and S1P

Serum alanine aminotransferase (ALT) levels were
measured using an Olympus AU5400 automatic bio
chemistry analyzer, and the levels of serum cytokines
(TNF-α, IL-1β and IL-6), high-mobility group protein
B1 (HMGB1) and S1P were measured by enzyme
linked-immunosorbant assay (ELISA) as described
[12]
previously . Serum C5a and C5 levels were mea
sured with commercial ELISA kits according to the
manufacturer’s instructions.

Western blot analysis and histological study of liver
tissue

Western blot analysis was performed as previously
[11,12]
described
. Briefly, 40 μg of protein from total
tissue or cell lysate were used, and the blots were
probed using polyclonal anti-mouse SphK1, C5aR,
p38-MAPK and phospho-p38-MAPK antibodies (Santa
Cruz Biotechnology, Dallas, TX, United States), with
β-actin detected with anti-β-actin antibody (Santa Cruz
Biotechnology) as a loading control. For histological
study, liver tissue was fixed in 40 g/L phosphatebuffered formalin, and 3-5 μm tissue sections were
cut and stained with hematoxylin and eosin (HE)
before microscopic evaluation at × 200 or × 400
magnification.

Quantitative real-time polymerase chain reaction

Liver tissues were obtained from mice at the indicated
time points and total RNA was extracted using TRIZOL
(Invitrogen, Carlsbad, CA, United States) and then
reverse transcribed into cDNA using ReverTra Ace
qPCR RT kit (Toyobo, Osaka, Japan). The cDNA was
then amplified by PCR. Quantitative PCR with SYBR
Green Realtime PCR Master Mix-Plus (Toyobo) was
performed using a Prism 7000 (Applied Biosystems
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Inc, Foster City, CA, United States) sequence detection
system, and mRNA levels were normalized to that
of the housekeeping gene β-actin. Primer sequences
for PCR amplification were as follows: C5aR forward,
5′-TGGACCCCATAGATAACAGCAG-3’ and C5aR reverse,
5′-GGAACACCACCGAGTAGATGAT-3′; β-actin forward,
5′-TGGAATCCTGTGGCATCCATGAAAC-3′ and β-actin
reverse, 5-AAAACGCAGCTCAGTAACAGTCCG-3′.

Peritoneal exudative macrophage isolation and cell
culture

Peritoneal exudative macrophages (PEMs) were har
vested from BALB/c mice. Cells were re-suspended in
Dulbecco's modified Eagle's medium (DMEM) containing
6
10% fetal bovine serum (FBS) at 5 × 10 cells/mL in a
6-well plate and incubated for 4 h; 500 ng/mL of C5a
(Biovision, Milpitas, CA, United States) and 10 nmol/L
of C5aRa (60-min pre-incubation) were used. PEMs
were harvested and lysed for western blot analysis
of SphK1. RAW 264.7 cells were obtained from the
Institute of Cell Biology of the Chinese Academy of
Sciences (Shanghai, China) and were cultured in 6-well
plates and propagated in DMEM supplemented with
10% FBS, 100 U/mL penicillin, and 100 mg/mL strep
tomycin. Cells were stimulated with C5a (500 ng/mL)
or C5a + C5aRa (pre-incubated for 60 min with 10
nmol/L of C5aRa in the presence of C5a). Inhibition of
p38-MAPK activity was achieved with SB203580 (10
mmol/L).

Statistical analysis

Data are expressed as the mean ± standard error of
the mean. Statistical significance was determined by
a two-tailed Student’s t-test or one-way analysis of
variance (ANOVA), and, specifically, a log-rank test
for survival analysis. A P value < 0.05 was considered
statistically significant. Statistical image analysis
was performed after determining that the data fit a
normal distribution. A two-tailed Student’s t-test was
employed after the exclusion of outliers that were less
or greater than two standard deviations away from the
median. All statistical analyses were performed using
SPSS 13.0 for Windows.

RESULTS
Excessive activation of C5 and up-regulation of C5aR in
liver tissue of mice with ALF

To address the relevance of C5 activation in ALF in
mice, we first challenged BALB/c mice with D-GalN/
LPS and examined C5 activation over a time course.
Upon D-GalN/LPS challenge, C5a levels in serum
rapidly increased within 6 h and peaked at 12 h
(Figure 1A). Although serum C5a levels began to
decrease after 24 h of ALF induction (Figure 1B), the
serum C5a level at 36 h was still higher than that of
the unchallenged mice (Figure 1B). Compared to the
controls, expression of C5aR mRNA (> 15-fold) and
protein was elevated significantly in liver tissue of
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Blockade of the C5a/C5aR pathway attenuates D-GalN/
LPS-induced ALF in mice

To achieve a blockade of C5aR signaling during
ALF, we chose to use a C5aRa. Blockade of C5aR
apparently attenuated ALF, as demonstrated by a
significant reduction in serum levels of ALT (Figure
2A), inflammatory cytokines (Figure 2B and C) and the
liver tissue damage (Figure 2D), as well as an increase
in survival rates (Figure 2E) in mice after D-GalN/LPS
challenge. In addition, depleting complement by CVF
pretreatment also resulted in a significant decrease in
susceptibility to D-GalN/LPS challenge, as evidenced
by a reduction in serum ALT levels (Figure 3A) along
with an increase in survival rates (Figure 3B) compared
with the control. Furthermore, treatment with C5aRa
further lessened the pathogenic effect on D-GalN/
LPS challenged mice receiving CVF pretreatment,
as evidenced by lower levels of serum ALT (Figure
3C), inflammatory cytokines (TNF-α, IL-1β and IL-6)
and HMGB1 (Figure 3D and E). These data clearly
demonstrate that abrogating the C5a/C5aR pathway
can alleviate the severity of ALF.
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that excessive complement activation occurs during
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Figure 1 Excessive activation of C5 and up-regulation of C5aR in liver
tissue of mice with acute liver failure. Acute liver failure was induced in
BALB/c mice using D-GalN (600 mg/kg) and LPS (10 μg/kg). A: Serum levels
of C5a at 12, 24 and 36 h increased significantly compared with that at 0 h (42.8
ng/mL ± 4.77 ng/mL, 35.22 ng/mL ± 3.62 ng/mL, 25.52 ng/mL ± 4.02 ng/mL vs
12.23 ng/mL ± 2.55 ng/mL, t = 19.31, 17.2, and 9.67, respectively, eP < 0.001);
B: Serum levels of C5 at 12, 24 and 36 h increased significantly compared with
that at 0 h (0.65 mg/mL ± 0.117 mg/mL, 0.343 mg/mL ± 0.09 mg/mL, 0.211 mg/
mL ± 0.06 mg/mL vs 1.413 mg/mL ± 0.209 mg/mL, t = 11.03, 16.29, and 19.15,
respectively, eP < 0.001); C and D: Expression of C5aR mRNA and protein in
liver tissue. The mean ± SE of three independent experiments is shown (error
bar indicates standard error).
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Given the critical role of SphK1 in D-GalN/LPS-induced
[11,12]
ALF
, we measured SphK1 expression in C5aRa
pretreated mice. These mice exhibited a significant
reduction in SphK1 expression in both liver tissue and
peripheral blood mononuclear cells (PBMCs) at 0.5 h
after ALF induction (Figure 4A and B). Blockade of SphK1
activity in vivo was confirmed by reduced S1P level
(Figure 4C). Moreover, treatment with CVF appeared to
be capable of further reducing SphK1 expression in ALF
mice receiving C5aRa (Figure 4A and B).
Previous evidence has suggested that macrophages
and PBMCs are the major source of SphK1 expression
[11,12]
during D-GalN/LPS-induced ALF in mice
and
C5aR is highly expressed in macrophages and the
[19]
macrophages-derived cell line RAW 264.7 . To further
explore whether C5a could directly induce SphK1
expression in macrophage, we stimulated murine PEMs
with recombinant C5a. Compared to the controls, the
C5a stimulated PEMs exhibited a significant increase
in SphK1 expression, and this effect was abolished by
C5aRa pretreatment (Figure 4C), indicating that C5a/
C5aR interactions directly modulate SphK1 production
in macrophages. Furthermore, C5a treatment led to an
increase in SphK1 expression in RAW 264.7 cells and
this effect was also abolished by C5aRa pretreatment
(Figure 4D). These results indicate that the C5a/C5aR
pathway associates with SphK1 expression and the
pathogenesis of ALF in mice.
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Figure 2 C5aRa attenuates D-GalN/LPS induced acute liver failure in mice. A: C5aRa decreased serum levels of ALT at 12 h and 24 h significantly (3736.12
IU/L ± 937.98 IU/L vs 7612.78 IU/L ± 1379.21 IU/L, 2225.07 IU/L ± 381.99 IU/L vs 3741.74 IU/L ± 637.53 IU/L, t = 8.05 and 7.07, respectively, eP < 0.001); B: C5aRa
reduced serum levels of TNF-α, IL-1β and IL-6 at 12 h (299.35 pg/mL ± 50.61 pg/mL vs 439.33 pg/mL ± 63.59 pg/mL, 57.42 pg/mL ± 12.98 pg/mL vs 106.69 pg/mL
± 49.87 pg/mL, 213.52 pg/mL ± 42.69 pg/mL vs 500.87 pg/mL ± 104.14 pg/mL, t = 5.96, 6.94, and 8.84 respectively, eP < 0.001); C: C5aRa reduced HMGB1 levels
at 6, 12 and 24 h (18.14 ng/mL ± 4.08 ng/mL vs 60.23 ng/mL ± 5.47 ng/mL; 16.21 ng/mL ± 5.11 ng/mL vs 67.14 ng/mL ± 14.27 ng/mL; 15.42 ng/mL ± 6.23 ng/mL vs
48.71 ng/mL ± 15.6 ng/mL, t = 9.13, 11.64, and 6.85, respectively, eP < 0.001); D: Immune cell infiltration and tissue damage were detected by HE staining at 36 h
after onset of ALF (1 = normal mice; 2 = ALF mice; 3 = C5aRa treated mice; magnification, × 100); E: Kaplan-Meier analysis of the effect of C5aRa on survival rates of
animals (eP < 0.001, log-rank test, F = 14.06). The mean ± SE of three independent experiments is shown (error bar indicates standard error). ALF: Acute liver failure.
TNF-α: Tumor necrosis factor-α; IL: Interleukin.

WJG|www.wjgnet.com

10152

December 14, 2016|Volume 22|Issue 46|

Lei YC et al . C5a/C5aR potentiates SphK1 expression in ALF

A

10000

B

CVF
ALF

1.0
0.8

e

P < 0.001

6000
Survival rate

Surum ALT level (IU/L)

8000

e
4000
e

0.6
0.4

2000

0.2

0

0.0

ALF
CVF
PBS

6

12

24

48

72

96

120

144

168

0

12

t/h

C

24
  

10000

36

D

CVF + C5aRa
CVF

CVF
400

CVF + C5aRa

Serum concentration (pg/mL)

Surum ALT level (IU/L)

8000

6000
e

4000

e
2000

0

6

12

24

48

72
t/h

E

96

120

144

300

200

e
e

100
e
0

168

48

t /h

TNF-a

IL-1b

IL-6

CVF

Serum HMGB1 level (ng/mL)

50

CVF + C5aRa

40
30
20

e

e

e

12 h

24 h

10
0

6h

Figure 3 C5aRa further lessens the pathogenic effect on D-GalN/LPS challenged mice receiving cobra venom factor pretreatment. A: Cobra venom factor
(CVF) treatment decreased serum levels of ALT at 12 h and 24 h significantly (3798.28 IU/L ± 839.68 IU/L vs 7612.78 IU/L ± 1379.21 IU/L, 1965.93 IU/L ± 371.74 IU/L
vs 3798.28 IU/L ± 839.68 IU/L, t = 8.34 and 8.18, respectively, eP < 0.001); B: Kaplan-Meier analysis of the effect of CVF on survival rates of animals (eP < 0.001, logrank test, F = 14.84); C: C5aRa further decreased serum levels of ALT at 12 h and 24 h significantly compared with CVF (1668.4 IU/L ± 339.68 IU/L vs 3798.28 IU/L ±
839.68 IU/L, 1069.69 IU/L ± 171.74 IU/L vs 1965.93 IU/L ± 371.74 IU/L, t = 8.14 and 7.58, respectively, eP < 0.001); D: C5aRa further reduced serum levels of TNF-α,
IL-1β and IL-6 at 12 h significantly compared with CVF (129.67 pg/mL ± 32.79 pg/mL vs 312.19 pg/mL ± 51.25 pg/mL; 27.73 pg/mL ± 8.78 pg/mL vs 63.28 pg/mL ±
13.27 pg/mL; 103.66 pg/mL ± 22.33 pg/mL vs 223.67 pg/mL ± 41.77 pg/mL, t = 10.39, 7.74, and 8.78, respectively, eP < 0.001); E: C5aRa further reduced HMGB1
levels at 6, 12 and 24 h in ALF mice (15.14 ng/mL ± 3.08 ng/mL vs 33.23 ng/mL ± 4.17 ng/mL; 16.21 ng/mL ± 3.11 ng/mL vs 39.44 ng/mL ± 5.07 ng/mL; 15.42 ng/mL
± 3.23 ng/mL vs 31.33 ng/mL ± 4.36 ng/mL, t = 11.49, 13.53, and 10.16, respectively, eP < 0.001). ALF: Acute liver failure. TNF: Tumor necrosis factor; IL: Interleukin;
ALT: Alanine aminotransferase; HMGB1: High-mobility group protein B1.

C5aR signaling induces SphK1 expression through
activation of p38-MAPK

Recent studies show that C5a has a critical role in
regulating macrophage functions and p38-MAPK is
[20]
activated in macrophages during C5a stimulation .
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Whether C5a induced SphK1 expression through
p38-MAPK activation needs further investigation. To
explore the relation of C5a/C5aR interactions with p38MAPK phosphorylation in vivo, we first examined the
tyrosine phosphorylation status of p38-MAPK after
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A

C5aRa pretreatment. As expected, the liver tissues
presented with remarkably lower levels of p38-MAPK
phosphorylation at 6 h and 12 h in C5aRa pretreated
mice compared to controls (Figure 5A). In line with the
in vivo result, a faster and persistent phosphorylation
of p38-MAPK was clearly observed in PEMs stimulated
with C5a, and C5aRa abolished this effect (Figure 5B).
These results indicated that the C5a/C5aR pathway
is involved in mediating C5a-induced p38-MAPK
phosphorylation.
To investigate whether p38-MAPK activation
mediates C5aR-dependent SphK1 induction, we used
SB203580 to directly inhibit p38-MAPK activity. Preincubation with SB20380 significantly reduced SphK1
production in PEMs upon C5a stimulation (Figure 5C).
Under our experimental condition, SB203580 showed
no cytotoxicity, as confirmed by > 95% of the cells
with trypan blue exclusion after incubation for 6 h and
24 h (data not shown). These data indicate that the
p38-MAPK signaling pathway mediates C5a/C5aRinduced SphK1 production in macrophages.
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Figure 4 C5a/C5aR signaling is required for the expression of SphK1
during acute liver failure. A and B: Blocking of C5aR with C5aRa reduced
SphK1 expression in liver tissue and peripheral blood mononuclear cells
(PBMCs) of acute liver failure (ALF) mice; C: Blocking of C5aR by C5aRa
reduced S1P level in liver tissue significantly than that of control (ALF group), eP
< 0.01; D, E: Recombinant murine C5a (500 ng/mL) induced SphK1 expression
in peritoneal exudative macrophages (PEMs) and RAW 264.7 cells, and was
abolished by incubation for 60 min with 10 nmol/L C5aRa. The data shown are
representative of three separate experiments.
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D-GalN/LPS-induced ALF in mice efficiently reproduces
the clinical syndrome of ALF in humans. Although
it has been noticed that complement activation
plays an important role in LPS/D-GalN- and APAP[17,18]
induced ALF
, the possible role of complement
activation in promoting ALF has not been investigated
previously. Here, we found that ALF strongly activates
the complement system, leading to a C5a increase.
Attenuation in wild-type mice treated with C5aRa
upon LPS/D-GalN-induction clearly validated the role
of the C5a/C5aR pathway in the pathogenesis of ALF.
In vivo and in vitro experiments also suggest that
C5a/C5aR interactions up-regulate the expression
and activation of SphK1 in macrophages through p38MAPK activation.
Extensive expression and activation of SphK1 are
[11,12]
a hallmark for LPS/D-GalN-induced ALF
. Our data
show that upon LPS/D-GalN challenge, inhibition of
C5aR signaling with C5aRa can substantially reduce
SphK1 production, thus protecting the animals from
ALF. These results demonstrate that the C5a/C5aR
pathway, via induction of SphK1 expression, plays
a key role in ALF. It also implies that the excessive
activation of complement, particularly C5a levels, may
serve as a clinical criterion for disease diagnosis and
prediction of severity in patients with ALF.
It has been shown that bacterial infections and
[16,21]
LPS can quickly activate the complement system
.
[17,18]
In accordance with the previous results
, the
complement system is rapidly activated in ALF. This
is confirmed by the observation of serum C5a level
upsurge at the early stage of ALF development,
indicating that C5a is an early mediator of ALF. This
excessive complement activation and consumption at
the early stage appear to explain the drop in serum
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Figure 5 C5aR signaling induces SphK1 expression through activation of p38-MAPK. A: C5a induced p38-MAPK activation in liver tissue of acute liver failure
(ALF) mice; B: PEMs were stimulated with C5a (500 ng/mL) or C5a + C5aRa (pre-incubated 60 min with 10 nmol/L of C5aRa in the presence of C5a); C: Inhibition of
p38-MAPK activity with SB203580 down-regulated SphK1 expression in PEMs stimulated with C5a.

C5 levels and C5 exhaustion in LPS/D-GalN-induced
ALF. Although serum C5a levels in these mice began
to decrease at 24 h after challenge, likely due to C5
exhaustion, the serum C5a level at 36 h was still
higher than that of control, implying that C5a may also
play a role in pathogenesis at the late stage of disease.
Excessive expression and activation of SphK1 are
critical to the pathogenesis of ALF and inhibition of SphK1
with a specific inhibitor (N,N-dimethylsphingosine, DMS)
attenuates mouse liver injury and increases the survival
[17]
rate, supporting a critical role for SphK1 in ALF . Our
study clearly showed that if C5aR signaling was inhibited,
LPS/D-GalN failed to induce massive expression of
SphK1 in the affected liver, indicating that C5a/C5aR
interactions participate in the expression and activation
of SphK1 for causing the disease.
Several proinflammatory stimuli, including anaphy
latoxin C5a and TNF-α, activate SphK1 on human
macrophages, and blockade of SphK1 inhibits several
pro-inflammatory responses triggered by these
[7-9]
stimuli . As a result, we speculated that C5a/C5aR
interactions are essential for SphK1 expression and
activation. It has been shown that C5a is able to activate
the three major MAPK pathways in most of inflammatory
[22,23]
cells, including macrophages
, and a recent study
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indicated that the C5a/C5aR pathway is necessary
[20]
for p38-MAPK phosphorylation in macrophages .
Furthermore, MAPK activation plays a key role in C5a[15,22]
induced production of inflammatory cytokines
. In
accordance with these results, we found that in vitro,
C5a-induced SphK1 expression is largely dependent
on activation of the p38-MAPK pathways. Our result
identified that C5 activation and C5a/C5aR interactions
play an important role in mediating p38-MAPK activation
in liver tissue that leads to the pathogenesis of ALF.
Although the specific mechanism of complement
activation during ALF is not very clear, the observation
that C5a/C5aR signaling play an important role in
the development of experimental ALF sheds light on
the new strategies for treating ALF patients. Further
research is needed to investigate the potential role
of C5a in ALF in humans, and C5aR antagonist or
C5a-neutralizing antibodies appear to have existing
advantages for their usage in clinical treatment of ALF.
In conclusion, our results provide direct evidence
that C5a/C5aR signaling plays a critical role in the
pathogenesis of LPS/D-GalN-induced ALF in mice.
Moreover, it is the first time we found that the C5a/
C5aR pathway participates in the expression and
activation of SphK1 through p38-MAPK activation.
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We have reasons to believe that interfering in the
C5a/C5aR signaling pathway can become a promising
immunotherapeutic strategy for ALF in patients.

7

COMMENTS
COMMENTS
Background

8

Recent studies and our work show that sphingosine kinase 1 (SphK1) and
complement activation play an important role in systemic inflammation in acute
liver failure (ALF). It has been shown that complement 5a (C5a) activates
SphK1 in macrophages. However, the mechanism of C5a-induced SphK1
activation is unknown.

9

Research frontiers

Systemic inflammation is an important feature of ALF, in which macrophages
and inflammatory cytokines released by macrophages play a critical role. C5a
is the most powerful pro-inflammatory mediator, and excessive C5a can cause
exaggeration of the inflammatory responses while blockade of C5a/complement
5a receptor (C5aR) interactions increases survival rates in mice with sepsis.
Moreover, complement activation also plays an important role in ALF.

10

11

Innovations and breakthroughs

In this study the authors found excessive activation of C5 and up-regulation
of C5aR in liver tissue of ALF mice. The C5a/C5aR pathway is essential for
potentiating SphK1 expression through p38-MAPK activation in ALF in mice.
This is the first report of the mechanism of C5a-induced SphK1 activation.

Applications

Blockade of the C5a/C5aR pathway may represent a valuable immunotherapeutic
strategy for ALF in patients.

Very interesting study. The authors investigated the role of the C5a/C5aR
pathway in ALF in a mouse model. BALB/c mice were randomly assigned to
different groups, intraperitoneal injection of D-galactosamine/lipopolysaccharide
were used to induce ALF. Serum C5, C5a, tumor necrosis factor-α, interleukin
(IL)-1β, IL-6, high-mobility group protein B1 and sphingosine-1-phosphate
were detected by enzyme-linked immunosorbent assay. Hepatic morphological
changes at 36 h were assessed, and the expression of C5aR, SphK1, p38MAPK and p-p38-MAPK in liver tissue, peripheral blood monocytes and
peritoneal exudative macrophages of mice or RAW 264.7 cells were analyzed.
The authors found that the C5a/C5aR pathway is essential for potentiating
SphK1 expression through p38-MAPK activation in ALF, providing a potential
immunotherapeutic strategy for ALF in patents.
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Abstract
AIM
To test whether Nox1 plays a role in typhlitis induced
by Salmonella enterica serovar Typhimurium (S. Tm) in
a mouse model.
METHODS
Eight-week-old male wild-type (WT) and Nox1 knockout
(KO) C57BL6/J (B6) mice were administered metroni
dazole water for 4 d to make them susceptible to S. Tm
infection by the oral route. The mice were given plain
water and administered with 4 different doses of S. Tm
by oral gavage. The mice were followed for another 4
d. From the time of the metronidazole application, the
mice were observed twice daily and weighed daily. The
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ileum, cecum and colon were removed for sampling at
the fourth day post-inoculation. Portions of all three
tissues were fixed for histology and placed in RNAlater
for mRNA/cDNA preparation and quantitative real-time
PCR. The contents of the cecum were recovered for
estimation of S. Tm CFU.
RESULTS
We found Nox1-knockout (Nox1-KO) mice were not
more sensitive to S. Tm colonization and infection than
WT B6 mice. This conclusion is based on the following
observations: (1) S. Tm-infection induced similar weight
loss in Nox1-KO mice compared to WT mice; (2) the
same S. Tm CFU was recovered from the cecal content
of Nox1-KO and WT mice regardless of the inoculation
6
dose, except the lowest inoculation dose (2 × 10 CFU)
for which the Nox1-KO had one-log lower CFU than
WT mice; (3) there is no difference in cecal pathology
between WT and Nox1-KO groups; and (4) there are
no S. Tm infection-induced changes in gene expression
levels (IL-1b, TNF-α, and Duox2) between WT and
Nox1-KO groups. The Alpi gene expression was more
suppressed by S. Tm treatment in WT than the Nox1KO cecum.
CONCLUSION
Nox1 does not protect mice from S. Tm colonization.
Nox1-KO provides a very minor protective effect
against S. Tm infection. Using NOX1-specific inhibitors
for colitis therapy should not increase risks in bacterial
infection.
Key words: Knockout mouse; NADPH Oxidase-1;

Salmonella typhimurium ; Goblet cells; Reactive oxygen
species

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Using Nox1-knockout mice (Nox1-KO),
we examined the role of cecum Nox1 in Salmonella
typhimurium (S. Tm) infection. Mice were rendered
susceptible to infection with oral metronidazole. Four
days after S. Tm inoculation, Nox1-KO mice had equal
or slightly lower CFU/g cecum contents and equal
or slightly less pathology by histological assessment
than wild-type (WT) mice. Quantitative real-time PCR
measure of mRNA levels for inflammatory cytokines Il1β and TNF-α were significantly higher in S. Tm treated
WT vs untreated mice but not in S. Tm treated Nox1KO mice. Since Nox1 may have a role in inflammatory
bowel disease, treating subjects with Nox1 inhibitors
may not make patients vulnerable to pathogens.
Chu FF, Esworthy RS, Doroshow JH, Shen B. NADPH oxidase-1
deficiency offers little protection in Salmonella typhimuriuminduced typhlitis in mice. World J Gastroenterol 2016; 22(46):
10158-10165 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10158.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10158
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INTRODUCTION
The generation of reactive oxygen species (ROS)
during infection is an important part of host defense
to fend off bacterial invasion. A well-known source of
ROS is produced by NADPH oxidase (NOX)-2 in innate
[1]
immune cells to kill bacteria engulfed in phagosomes .
Mutations in genes encoding for the NOX2 complex
lead to chronic granulomatous disease due diminished
bactericidal activity. Nox2-KO mice are highly sus
ceptible to Salmonella enteric serovar Typhimurium
[2]
(S. Tm) colonization and mucosal inflammation . S.
Tm has been widely used as a mouse colitis model to
study strategies by which enteropathogenic bacteria
[3]
break colonization resistance . Diminished ROS
generation by the NOX2 complex also is a risk factor
for early-onset pediatric pancolitis and Crohn’s-like
[4]
disease .
Two other members of NADPH oxidases, NOX1 and
DUOX2, expressed in the epithelium of the intestine
are linked to very-early-onset inflammatory bowel
[5]
disease . Both Nox1 and Duox2 gene are barely
expressed in the intestine of germ-free mice and
are highly elevated when colonized with commensal
[6,7]
bacteria . Duox2 and Duoxa2 (DUOX maturation
factor-2) expression is highly elevated in Helicobacter
felis-infected mouse gastric epithelium compared to
[8]
uninfected mice . Lack of Duox activity in Duoxa-KO
[8]
mice increased Helicobacter felis colonization . Duox2
protein is highly elevated in the ileum and colon monoassociated with segmented filamentous bacterium
[7]
compared that in germ-free mice . However, Duox2
does not appear to protect mice against S. Tm infection
since there is no difference in S. Tm colonization
[7]
between wild-type (WT) and Duoxa-KO mice .
Nox1-generated ROS can regulate intestinal epi
[9-11]
thelial cell proliferation, apoptosis, and migration
.
Phos
Recently, it was shown that deficiency in Cyba/p22
(an obligatory partner of Nox1, Nox2 and Nox4) in
intestinal epithelium resulted in protection from Citro
[1]
bacter rodentium and Listeria monocytogenes . The
epithelium-specific Cyba-KO (CybaΔIEC-KO) mice
are considered to be equivalent to Nox1ΔIEC-KO
because Nox2 and Nox4 are virtually unexpressed
in the intestinal epithelium. Because C. rodentiuminduced Duox2 gene expression only occurs in the
WT mice but not CybaΔIEC-KO mice, it was proposed
that Nox1 regulates Duox2 expression in the intestinal
[1]
epithelium .
We have previously shown that GPx1-KO and
GPx2-KO mice (deficient in antioxidant glutathione
peroxide-1 or -2) are more susceptible to S. Tm
[12]
infection than WT mice . Because Nox1-deficiency
may protect mice against C. rodentium infection, we
hypothesize that Nox1-produced ROS exacerbates S.
Tm infection. In this manuscript, we report that Nox1knockout (Nox1-KO) mice are equally susceptible
to S. Tm colonization and infection as WT mice. We
concluded that Nox1 does not play a role in S. Tm-
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induced colitis.

MATERIALS AND METHODS
Mice

WT and Nox1-KO (generated by Karl-Heinz Krause,
Geneva University, Switzerland) mice were derived
[11]
from strain C57BL/6 (B6) . Animal were bred and
reared in the Animal Resources Center at the City of
Hope based on standards and guidelines set by the
United States Department of Agriculture, approved
by the National Institutes of Health (NIH), Office
for Laboratory Animal Welfare, and accredited by
the AAALAC. Weaned mice were fed Lab diet 5061
(LabDiet, St Louis, MO, United States), ad lib, and
received water via an automated water purification
system until the beginning of the study at 8 wk of
age. Care and use of mice in the study conformed to
NIH (United States) and AAALAC standards and were
performed under protocol 11043 approved by the
City of Hope BRI Institutional Animal Care and Use
Committee on 1/12/12 and renewed 1/15/14. Eightweek-old male WT and Nox1-KO B6 mice were given
the antibiotic metronidazole (0.75 g/L in drinking water)
[13]
for 4 d to facilitate oral S. Tm infection . To mask
the metallic taste of metronidazole, 1 g of sucralose
®
(Splenda ) was added to 450 mL water to prevent
dehydration during the treatment. Metronidazole
facilitates bacteria colonization by reducing anaerobic
bacteria populations and by thinning the mucus layer in
[14]
the gut . After 4 d the mice were switched to regular
water and orally gavaged with S. Tm in a volume of
50-100 µL phosphate buffered saline. One-inch-long
22-gauge plastic gavage needles were used to deliver
the bacteria and to minimize the possibility of injury
to the mice. As part of the study data collection and
to ensure that the animals were not in distress prior
to the endpoint all mice were observed and weighed
daily from the time of placement on metronidazole to
euthanasia, i.e., 4 d post-inoculation. The high risk of
systemic infection in B6 mice precluded a longer study
duration. Mice treated with metronidazole and then
water gained about 5% body weight over the interval.
Mice inoculated with S. Tm lost up to 18% body weight
regardless of inoculation dose. There was no statistical
difference in weight lost between the Nox1-KO and
WT groups. Mice were euthanized by CO2 exposure,
the recommended method under NIH and AAALAC
guidelines.

Salmonella enteric S. Tm

A virulent strain of S. Tm, IR715, was obtained from
Dr. Andreas J. Baumler (University of California, Davis,
CA, United States), who derived this strain from isolate
[12]
14028 (American Type Culture Collection) . S. Tm
was grown aerobically at 37 ℃ in lysogeny broth (LB)
containing 50 mg/mL nalidixic acid (Sigma) overnight.
Cells were harvested, resuspended in PBS with 10%
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glycerol, then stored in aliquots at -80 ℃ without
6
8
freeze-thaw. Between 2 × 10 to 6.2 × 10 colonyforming units (CFUs) of S. Tm were used to inoculate
mice as shown (Figure 1). The titer was determined on
LB agar plates containing 50 mg/mL nalidixic acid.

S. Tm colonization and disease parameters

Cecum luminal contents were collected sterilely,
weighed, serially diluted, and plated on nalidixic
acid-containing LB agar to allow detection down to
6
approximately 1 × 10 CFU/g. The luminal contents
have 2-4 log higher number of S. Tm than cecal
tissue and are widely used as an indicator for bacterial
[12,15,16]
colonization
. The inoculated S. Tm was the
only bacteria capable of producing large-size colonies
on nalidixic acid-containing LB agar under standard
[11]
aerobic conditions . To verify that the colonies
were S. Tm, we performed automated-ribosomalintergenic-spacer analysis (ARISA) PCR using ITSF
(5’-GTCGTAACAAGGTAGCCGTA-3’) and ITSReub
(5’-GCCAAGGCATCCACC-3’) primers on randomly
[17]
selected colonies . ARISA PCR produces a pattern of
products with aggregate sizes characteristic of bacterial
groups. We also sequenced ARISA PCR products to
confirm the S. Tm identity.
The ileum, colon and cecum were excised for
histology analysis. The tissues were fixed in phosphate
buffered formalin. The processed slides were stained
with H&E for pathology analysis and with Alcian blue
counterstained with nuclear fast red for goblet cell
counts. The slides were photographed, and Alcian blue
stained goblet cells were counted from the sections
containing full-length glands. Pathology was scored
according to a 14-point system that accounts for mucin
depletion, apoptosis, abscesses, and distortion of the
[12]
glands .
Messenger RNA was prepared from the cecum,
where S. Tm colonization is most reliably detected.
Quantitative real-time PCR (qRT-PCR) was performed
on mouse cecal mRNA. A segment of the cecum
6
isolated from mice treated with 2 × 10 CFU of S. Tm
was treated with RNALater (Ambion), and then RNA
was isolated using the Triazol Kit (Thermo Scientific).
Two µg of RNA was used to make cDNA with reagents
from Promega and random hexamer primers (0.4 µg)
from Invitrogen. PCR primers and probes (Thermo
Scientific) used are shown in Table 1. The qRT-PCR
was performed on a BioRad CFX96 instrument for
40 cycles. The ΔΔCt method was used to analyze
differences in mRNA levels among groups, normalized
with β-actin.

Statistical analysis

GraphPad Prism version 6 was used for statistical
analysis. All groups were compared in pair-wise t-tests
except the cecum pathology score, which was analyzed
by pair-wise Mann-Whitney tests. S. Tm CFU from
cecal contents was analyzed from log 10 transformed
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Figure 1 The CFU and pathology in the cecum between Nox1-knockout and wild-type mice with 4 different doses of S. Tm. A: Scatter plot of log10
transformed S. Tm CFU per gram recovered from cecal contents from WT (Nox1+) and Nox1-KO mice inoculated with 2 × 106, 5.6 × 107, 2 × 108 and 6.2 × 108 of S.
Tm. The contents were plated so that 1 colony would yield a count ≥ 1 × 106 CFU/g. Zero colonies were assigned to 1 × 106 to include all mice analyzed in the panel.
“a” indicates a significant difference between the Nox1 and WT groups treated with 2 × 106 S. Tm (colon-P = 0.0068; cecum-P = 0.0098); B: Scatter plot of pathology
scores of mice from the groups shown in A. The groups with different letter designations in each figure are different, where a > b (α = 0.05). The groups sharing a
same letter are not different; e.g., ab is not different from a or b group. Horizontal bars indicate mean ± SD; C, D: Show the worst pathology identified in Nox1-KO and
WT cecum, respectively (score = 6), for mice inoculated with the lowest (2 × 106) CFU. Both groups show edema and infiltration between the muscular layers (M) and
the glands. The glands are devoid of goblet cells and generally distorted. Scale bars are approximately 0.5 mm. Nox1-KO: Nox1-knockout; WT: Wild-type.

Table 1 Taqman primer and probe IDs for quantitative realtime polymerase chain reaction
1

Gene name (gene symbol)

Catalog number

β -Actin (Actb)

Mm00607939_s1
Mm01326247_m1
Mm00434228_m1
Mm01285814_g1

115
65
90
60

Mm00443258_m1
Mm004944146_m1

81
55

Dual oxidase-2 (Duox2)
Il1b
Intestinal alkaline
phosphatase (Alpi)
Tnfα
Villin-1 (Vil1)

Amplicon size

1

Catalog number from Thermo Fisher Scientific Inc.

data, which renders the data into parametric sets.
The statistical analysis was reviewed and approved by
Lianlian Du, MSci, biostatistician, Beijing Rehabilitation
Hospital of Capital Medical University, Beijing, China.

RESULTS
Nox1-KO cecum and colon has a 7.5% and 20% higher
number of goblet cells than WT counterparts

Nox1 is highly expressed in the colon, and Nox1generated ROS can activate Notch1 signaling pre
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sumably by activating the metalloproteases (Mmp2
and Mmp9), which are involved in generation of Notch
[18]
ligands . Notch1 signaling promotes differentiation of
epithelial cells into absorptive cells. Compared to WT
[18]
mouse colon, Coant et al
reported that Nox1-KO
colon had a 2-fold higher number of goblet cells and
a 50% reduction of colonocytes due to decreases in
Notch1 signaling. Because goblet cells are specialized
to produce a mucus layer over the epithelial surface
that acts as a barrier to intestinal microbes, changing
the number of goblet cells could affect cell resistance
to bacterial colonization. Therefore, we compared the
number of goblet cells in the cecum and colon of Nox1KO and WT mice (Figure 2). We found that Nox1-KO
colon has a 20% increase in goblet cells compared
to WT colon; however, we observed only a 7.5%
increase in the Nox1-KO cecum, which is the major
site of inflammation. This difference may have been
overlooked in CybaΔIEC-KO mice, which do not have
[1]
Nox1 activity .

Nox1 does not significantly affect S. Tm colonization
and inflammation in mice

We inoculated mice with 4 different doses of S. Tm (2
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A and B represents a separate gland. Between 3-15 and 7-14 glands (obtained from 8 WT and 9 Nox1-KO mice) were counted from colon and cecum, respectively.
Scale bar approximately 0.5 mm. "a" indicates a statistically significant difference between the 2 groups.
6

7

8

8

× 10 , 5.6 × 10 , 2 × 10 , and 6.2 × 10 ) to compare
the CFU and pathology in the cecum between Nox1KO and WT mice (Figure 1). When inoculated with
6
the lowest number of S. Tm (2 × 10 ), Nox1-KO mice
had a significantly lower number of S. Tm CFUs in the
cecum than WT mice (P = 0.034). No differences in
the cecal S. Tm CFUs were found between Nox1-KO
and WT mice when inoculated with higher doses of
S. Tm (Figure 1A). Also, the CFUs of S. Tm in mouse
cecum remained the same regardless of the inocu
[19]
lation doses, which is consistent with previous work .
We analyzed cecum pathology scores to determine
the effect of Nox1. Scores of 0-6 generally reflect with
presence of crypt apoptosis, hyperproliferation, and
mucin depletion without overt signs of inflammation.
Scores of above 6 are considered inflamed, showing
immune infiltration, crypt distortion, goblet cell depletion,
and elevated apoptosis in the epithelium. The worst
cecal histology from a Nox1-KO and a WT mouse
6
inoculated with a low dose of S. Tm (2 × 10 ) is shown
in Figure 1C and 1D. Only WT mice inoculated with
8
the highest dose (6.2 × 10 ) of S. Tm had a median
score above 6, which is significantly higher than four
groups of WT and Nox1-KO mice inoculated with lower
doses of bacteria (P ≤ 0.025) (Figure 1B). However,
there was no difference between the WT and Nox1KO groups inoculated with the same high dose. These
results indicate that Nox1 does not have significant
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impact on S. Tm infection.

Nox1 does not affect mucosal gene expression altered
by S. Tm infection

Although the pathology scores are low in the mice
6
inoculated with 2 × 10 CFU of S. Tm, these mice tend
to have higher IL-1β and TNF-α mRNA levels compared
to control mice that received metronidazole only (Figure
3A and B). However, we observed no difference in IL1β and TNF-α mRNA levels between Nox1-KO and
WT mice treated with metronidazole and S. Tm or
untreated.
S. Tm infected intestine has decreased brushborder enzyme activities and gene expression levels
including intestinal alkaline phosphatase (Alpi),
[19]
sucrose-isomaltase, and maltose . We found that S.
Tm infected WT mouse cecum had decreased levels
of Alpi gene expression (P ≥ 0.044), while the Alpi
mRNA levels in the S. Tm-infected Nox1-KO mice were
not significantly lower than the un-treated control mice
(Figure 3C). Villin mRNA levels were not affected by S.
Tm (data not shown). Villin is an actin-binding protein
that regulates actin dynamics and organization of the
[20]
brush border of enterocytes . Loss of Villin mRNA
is indicative of gross destruction of the gland surface
architecture, reflected by pathology scores of 8 and
above as observed in S. Tm treated Gpx1-KO and
[12]
Gpx2-KO mice . The overall trend indicates that the
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Figure 3 Quantitative real-time polymerase chain reaction analysis of cecum mRNA from the 2 × 106 CFU-treated wild-type and Nox1-knockout mice to
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Nox1-KO mice tend to respond more mildly to S. Tm
infection than WT mice, although not in a significant or
uniform way.
We have previously shown that Duox2 gene ex
pression was elevated 30-fold in the cecum of S. Tminoculated GPx1-KO mice (mean pathology scores of
[12]
10) compared to infected WT mice . Here, the S. Tminfected WT and Nox1-KO mouse cecum had 2- and
4-fold higher Duox2 gene expression than the noninfected respective controls (Figure 3D). No difference
in the Duox2 mRNA levels between the WT and Nox1KO cecum were observed.

DISCUSSION
Nox1 expressed in intestinal epithelium plays an
important role in cell signaling, regulating many
cellular events, including differentiation, proliferation,
[10,11,18]
apoptosis, and migration
. Recently, Nox1 was
shown to exacerbate pathogenic bacterial infection,
including C. rodentium and L. monocytogenes studied
[1]
in CybaΔIEC-KO mice . In the present study, we
compared S. Tm colonization and S. Tm-induced colitis
in Nox1-KO and WT mice inoculated at different doses
and found that Nox1 plays a very minor role in S.
Tm infectivity. Because we found that Nox1-KO mice
have a significant increase of goblet cells in the cecum
and colon and because goblet cells secrete mucus to
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[14,16]

form a barrier to fend off bacterial infection
, the
protective effect of Nox1-deficiency is likely due to the
increase in goblet cells rather than a direct effect of
ROS production. The strong protective effect of Cyba
deficiency against C. rodentium and L. monocytogenes
may have contributions from multiple Nox deficiencies,
because Nox2 is induced in the intestinal epithelium
by serotonin, a neuroendocrine secreted by entero
[21]
chromaffin cells .
We have confirmed that S. Tm infection suppresses
intestinal alkaline phosphatase (Alpi) expression in
WT mice and likely in Nox1-KO mice. Mice deficient
[22]
in Alpi suffer from dysbiosis . The antibiotic-induced
susceptibility to S. Tm or Clostridium difficile can be
[15]
prevented by oral supplement of calf Alpi . It remains
unclear how S. Tm inhibits Alpi gene expression and
activity.
We have reported that intestinal inflammation, as
observed in mice deficient in GPx1 and GPx2 [GPx1/2double knockout (DKO)], have elevated Nox1 gene
[11]
expression in the ileum . Nox1 deletion completely
abolished GPx1/2-DKO intestinal inflammation.
Because NOX1 and NOX2 are the major sources of
ROS in the artery wall for conditions such as hyper
tension, hypercholesterolemia, and diabetes, NOX
inhibitors are being developed to treat ROS-associated
[23]
diseases . A clinical relevance of this study is that
when targeting Nox1, it is unlikely that the anti-Nox1
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therapy will increase risks of bacterial infection.
Nox1 is important for symbiotic-lactobacilli-induced
[10]
cell proliferation in the ileum ; it also promotes
restitution of colons damaged by dextran sulfate
[9,24]
sodium
. Whether anti-Nox1 therapy has adverse
effects other than bacterial infection needs to be
further investigated.
In conclusion, we demonstrated that Nox1-KO
mice are not more susceptible to S. Tm colonization
than WT mice. The clinical relevance of this and other
studies is that anti-Nox1 therapy should not present
a major risk for bacterial infection, such as by S. Tm,
Citrobacter rodentium or Listeria monocytogenes.
However, because Nox1 also has a positive role in cell
proliferation and tissue restitution, more studies are
needed to clarify other potential risks of anti-Nox1
therapy.

Peer-review

The authors investigated the role of Nox1 in S. Tm colonization and infection in
a mouse model. The paper is interesting and adds to our general understanding
of S. Tm infection and demonstrates that Nox1 does not play an important role
in S. Tm colonization.
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Abstract
AIM
To investigate the diagnostic performance of liver
stiffness measurement (LSM) by elastography point
quantification (ElastPQ) in animal models and determine
the longitudinal changes in liver stiffness by ElastPQ
after splenectomy at different stages of fibrosis.
METHODS
Liver stiffness was measured in sixty-eight rabbits
with CCl4-induced liver fibrosis at different stages and
eight healthy control rabbits by ElastPQ. Liver biopsies
and blood samples were obtained at scheduled time
points to assess liver function and degree of fibrosis.
Thirty-one rabbits with complete data that underwent
splenectomy at different stages of liver fibrosis were
then included for dynamic monitoring of changes in
liver stiffness by ElastPQ and liver function according to
blood tests.
RESULTS
LSM by ElastPQ was significantly correlated with
histologic fibrosis stage (r = 0.85, P < 0.001). The
optimal cutoff values by ElastPQ were 11.27, 14.89,
and 18.21 kpa for predicting minimal fibrosis, mode
rate fibrosis, and cirrhosis, respectively. Longitudinal
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monitoring of the changes in liver stiffness by ElastPQ
showed that early splenectomy (especially F1) may
delay liver fibrosis progression.
CONCLUSION
ElastPQ is an available, convenient, objective and
non-invasive technique for assessing liver stiffness in
rabbits with CCl4-induced liver fibrosis. In addition, liver
stiffness measurements using ElastPQ can dynamically
monitor the changes in liver stiffness in rabbit models,
and in patients, after splenectomy.
Key words: fibrosis stages; Splenectomy; elastography
point quantification; liver stiffness; Non-invasive
technique
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: elastography point quantification (ElastPQ)
is a non-invasive technique for assessing tissue
stiffness, and was used in this study. Splenectomy
is a surgical intervention for liver cirrhosis patients
with hypersplenism. The aim of the current study was
to evaluate the diagnostic accuracy of liver stiffness
measurement by ElastPQ in animal models and
determine the longitudinal changes in liver stiffness
by ElastPQ after splenectomy at different stages of
fibrosis. We conclude that liver stiffness measurements
using ElastPQ can be used to dynamically monitor
the changes in liver stiffness in rabbit models, and in
patients, after splenectomy.
Wang MJ, Ling WW, Wang H, Meng LW, Cai H, Peng B. Noninvasive evaluation of liver stiffness after splenectomy in rabbits
with CCl4-induced liver fibrosis. World J Gastroenterol 2016;
22(46): 10166-10179 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10166.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10166

INTRODUCTION
Liver fibrosis, which is characterized by encapsulation
or replacement of injured tissue by a collagenous
[1]
scar , represents a common pathological process
in chronic liver injury of varying etiologies. Cirrhosis,
which is morphologically described as abnormal liver
architecture encompassing fibrous bands surrounding
regenerative nodules, is the end stage of liver fibrosis
and has clinical complications, including liver failure,
portal hypertension, and ultimately, hepatocellular
carcinoma. A growing body of clinical evidence has
indicated that liver fibrosis can reverse and possibly
return to normal following the development of effective
[2-6]
treatments for chronic hepatitis infection (B and C) ,
[7]
[8]
autoimmune hepatitis , and primary biliary cirrhosis .
In addition, improved results on the molecular
mechanisms associated with the pathogenesis of
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hepatic fibrosis has led to growing acceptance of liver
[9,10]
fibrosis as a potentially reversible process
. Hepatic
stellate cells (HSCs) are a worldwide research focus
based on their activation and transdifferentiation to
myofibroblasts, which ultimately results in liver fibrosis
in response to a variety of injuries; more interestingly,
previous studies have indicated that macrophages
can influence the process of liver fibrosis via different
[11,12]
mechanisms
. Circulating macrophages arise from
[13]
monocytes in the bone marrow (BM) , and Swirski
[14]
[15,16]
et al
and other researchers
have indicated that
numerous monocytes in the spleen could be mobilized
in the pathological state such that the spleen can be
considered a monocyte reservoir. BM cell infusion can
[17]
[18]
improve liver function
and decrease liver fibrosis ,
while splenectomy can result in liver function improve
[19-21]
ments for patients with liver cirrhosis
. Further
more, a previous study indicated that splenectomy
attenuated murine liver fibrosis when accompanied by
[22]
hypersplenism .
On the other hand, liver biopsy is traditionally
regarded as the gold standard for staging fibrosis.
Nevertheless, as an invasive procedure, liver biopsy is
unwelcome in patients who need repeated examination
to monitor fibrosis progression. Furthermore, liver
[23,24]
biopsy is limited by serious complications
, samp
[25]
ling errors , and both inter-pathologist and intra[26]
pathologist variability . Shear wave elastography, a
reliable, rapid and non-invasive technique, has been
used to evaluate tissue stiffness for many years and
is increasingly important in the diagnosis of liver
[27-29]
fibrosis
. Furthermore, an acoustic radiation force
impulse (ARFI) technique, elastography point quan
[30]
tification (ElastPQ) , has been developed to measure
[31-34]
the tissue
. However, no data are available on the
changes in fibrotic liver stiffness after splenectomy at
different pathological stages using ElastPQ.
We took advantage of a CCl4-induced liver fibrosis
model in rabbits, from which liver biopsies were
obtained at scheduled time points and ElastPQ was
easily performed, to evaluate the correlation between
liver fibrosis histological staging and liver stiffness
measured by ElastPQ before splenectomy (Experiment
1). In addition, we determined the longitudinal changes
in liver stiffness using ElastPQ after splenectomy at
different pathological stages (Experiment 2).

MATERIALS AND METHODS
Animals

One hundred and eight male New Zealand White
rabbits weighing 2000-2500 g on arrival at the
laboratory were purchased from the Experimental
Animal Center of West China Medical Center, Sichuan
University (Chengdu, China). All rabbits were accli
matized for one week to adapt to the new envi
ronment. Daily evaluation of rabbit health status
was performed for one week to ensure the animals
were clinically healthy prior to the experiments. The
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animals were individually housed in cages under a
set temperature (22 ± 1 ℃) and relative humidity
(45% ± 10%) with a 12-h light/12-h dark cycle. Each
animal was allowed free access to a standard diet for
rabbits and fresh water. The experimental procedures
were approved by the Institutional Animal Ethical
Committee of Sichuan University (Chengdu, China),
and all animals received humane care according to
the Guide for the Care and Use of Laboratory Animals
published by the United States National Institutes of
Health (NIH Publication No. 85-23, revised 1996).

CCl4-induced liver fibrosis

Liver fibrosis was induced by intraperitoneal injection
[35]
of CCl4, as described previously . Unfortunately, in
a pilot experiment (10 rabbits), using the regimen
[35]
reported by Zhang et al , a mortality rate of 60%
(6 of 10 rabbits) was observed. The pilot study was
stopped, and a modified method for induction of liver
fibrosis was explored and eventually adopted. The
injection started with 50% CCl4, which was diluted in
olive oil, in doses of 0.10 mL/kg body weight twice
per week for the first two weeks, which allowed the
rabbits to gradually adapt to the toxic agent. Then,
50% CCl4 was given intraperitoneally in doses of 0.20
mL/kg body weight twice a week for another 18 wk
in Experiment 1, and the liver injury induced by 50%
CCl4 lasted for ten weeks from the first operation in
Experiment 2. This method was sufficient to produce
all stages of liver fibrosis. Humane endpoints were
established in the modeling process according to the
guidelines for assessing discomfort in experiment
[36]
animals . No animals died in Experiment 1.

Ultrasound-based examinations

On the same day, just before surgery and blood
collection, eight rabbits were chosen at random for
preoperative examinations after at least four hours
of fasting. The rabbits were anesthetized with a 40
mg/kg dose of pentobarbital via ear border vein
injection and were then placed in the supine position
with whole abdominal skin preparation. Liver stiffness
measurements were then performed in or close to
the subxiphoid region by two experienced examiners
via ElastPQ with a 4-cm depth and a 0.5 cm × 1.5
cm region of interest on vessel-free areas at the endinspiration phase with an iU22 ultrasound system
(Royal Philips Electronics, the Netherlands) equipped
with an ElastPQ feature and two transducers, C5-1
(1-5 MHz) (used in this study) and L9-3 (3-9 MHz)
(not used in this study). Both examiners were blinded
to the clinical, serological, and histological data. The
results are expressed in kilopascals. ElastPQ results
were obtained with 10 valid measurements from
each operator; a success rate of at least 60% and an
interquartile range of all successful measurements
less than 30% of the median values were considered
reliable. The successful measurements obtained by
each operator were used for inter-examiner agreement
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analysis, while the median measurement obtained
by both operators for each rabbit were used for other
analyses in the current study.

Serum parameters

After ultrasound-based examinations, peripheral
blood was collected via the ear border vein. Levels of
the following parameters were determined: (1) class
Ⅰ biomarkers of liver fibrogenesis, including type
[37]
Ⅳ collagen, and hyaluronic acid , were quantified
using a standardized and optimized commercial
radioimmunoassay kit (Haiyan Biotechnology Center,
Shanghai, China) and (2) conventional liver function
tests, including total bilirubin (TB), albumin, alanine
aminotransferase (ALT), and aspartate amino
transferase (AST) levels (Leadman Biochemistry Co.,
Ltd, Beijing, China).

Surgical procedure

In Experiment 1, after 4-wk of modeling, the eight
rabbits were randomly divided into two equal groups
following preoperative examinations (ultrasoundbased examinations and the blood test mentioned
above). After disinfection, the operation began with
a midline abdominal incision. In one group (Group
S, splenectomy group), total splenectomy was per
formed by ligature of the splenic vascular pedicle with
4-0 chromic catgut; then, a 1-cm × 1-cm piece of
hepatic tissue from the subxiphoid region of the liver
was cut for biopsy. In another group (Group L, liver
biopsy group or sham group), the same process was
performed with the exception of total splenectomy.
The abdominal cavity was closed after confirming
that there was no active hemorrhage in all rabbits. To
obtain different stages of liver fibrosis at different time
intervals, the same surgical process was repeated for
th
the remaining rabbits every two weeks until the 20
wk. Due to humane endpoints and failed liver stiffness
measurements, only seven rabbits underwent surgery
th
th
th
th
at the 8 , 14 , 18 , and 20 wk (Table 1). In this case,
four rabbits randomly underwent splenectomy plus
liver biopsy, while the remaining three underwent liver
biopsy alone.
In Experiment 2, after the first operation in each
rabbit, a 1 cm × 1 cm piece of hepatic tissue was cut
to dynamically monitor the changes in histological
features according to the aforementioned ultrasoundbased examinations and blood tests every two weeks
for 10 wk. To avoid adhesions, chitosan (0.5 mL/
surgery) was used. However, due to the increase in
operation times, it was difficult to acquire liver tissue
along the original midline incision. In this case, a left or
right subcostal incision was needed. In Experiments 1
and 2, all animals were given penicillin intramuscularly
at a dose of 40 U/rabbit to prevent infection during
surgery, which was repeated once daily for a further
two days. To reduce bias, only the hepatic tissue
obtained in or very close to the subxiphoid region
was included for analysis. In addition, due to humane
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Table 1 Detailed information on the experimental process
Modeling Distribution
time
of operation
0W
2W
4W
6W
8W
10W
12W
14W
16W
18W
20W
Total

/
/
AAAA
BBBB
AAAA
BBBB
AAAA
BBBB5
AAAA
BBBB
AAAA
BBBB
AAAA
BBBB5
AAAA
BBBB
AAAA
BBBB5
AAAA
BBB
68

Humane
Termination

Rabbits
1

POW 2

POW 4

POW 6

POW 8

POW 10

2

left

0
0
0

90
90
82

0

74

2

64

3

53

3

42

2

32

4

20

3

9

2

0

19

/

Humane
Termination

/
/
AAAA
BBB
AAA
BBBB
AAA
BBB
AAA
BBBB
AAA
BBB
AAA
BBB
AAAA
BBB
AAA
BBB
AA
BBB
/

/
/
AAAA
BBB
AAA
BBB
AA
BBB
AAA
BBB
AAA
BB
AA
BBB
AAA
BB
AAA
BB
AA
BBB
/

/
/
AAA5
BBB
AAA
BBB
AA
BB
AA
BBB5
AA
BB
AA
BB
AAA
BB
AAA
BB
AA
BB
/

/
/
AA
BBB
AA
BB
AA
BB
AA
BB
AA
BB
AA
B
AA
BB
AA
B
AA
BB5
/

/
/
AA
BBB
AA
BB
AA
BB
AA
BB
AA
BB
A
B
AA
B
AA
B
A
B
/

Exclusion

Death

3

Rabbits
4

left

/
/
1

/
1

/
/
1

/
/
5

2

0

2

4

2

0

1

4

2

1

1

4

3

0

1

4

5

0

0

2

4

0

1

3

4

0

0

3

4

1

0

2

27

3

7

31

1

Number of rabbits with humane termination during Experiment 1; 2Number of rabbits left excluding rabbits with humane termination and failed liver
stiffness measurement via ElastPQ during Experiment 1; 3Number of rabbits with humane termination during Experiment 2; 4Number of rabbits left
excluding rabbits with humane termination, failed liver stiffness measurement via ElastPQ, and death during Experiment 2; A5 and B5 indicate rabbits with
failed LSM via ElastPQ. POW: Postoperative weeks; LSM: Liver stiffness measurement; ElastPQ: Elastography point quantification; A: Rabbits receiving
splenectomy and liver biopsy; B: Rabbits receiving only liver biopsy.

endpoints and failed liver stiffness measurement (LSM)
and death during the surgical procedure, only thirtyone rabbits with complete experimental data were
available for analysis after the 10-wk surveillance
period (Table 1).

Liver histological assessment

Liver biopsy samples taken at the time of the operation
were fixed in formalin and embedded in paraffin.
Sections (4 μm) were stained with hematoxylin and
eosin and Masson trichrome. A biopsy sample with a
minimum of 5 portal tracts was required for diagnosis.
Two doctors with significant experience, who were
blinded to all animal characteristics, were responsible
for evaluating liver fibrosis, which was staged on a
[38]
(F0, no fibrosis;
scale of 0-4 according to METAVIR
F1, portal fibrosis without septa; F2, portal fibrosis and
a few septa; F3, numerous septa without cirrhosis; and
F4, cirrhosis). The fibrosis stage was independently
assessed on each histological section by both doctors.
In the case of discrepancies, histological sections were
simultaneously reviewed again by the two doctors to
reach a final consensus. Typical liver fibrosis stages
(F1-F4) are illustrated in Figure 1.

Statistical analysis

The quadratic-weighted k coefficient of Cohen was
used to assess the consistency of the two doctors who
were in charge of the pathological examinations, while
the ICC (interclass correlation coefficient) was used to
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evaluate the agreement between the two examiners
who performed the liver stiffness measurement via
ElastPQ.
The median LSM obtained by both operators for
each ElastPQ was calculated and used for further
analyses. Because the LSM values were not nor
mally distributed, the Kruskal-Wallis nonparametric
analysis of variance test was used to compare these
values with the categories of the consensus fibrosis
stage. Correlations between the LSM and histologic
fibrosis stage were further analyzed using Spearman
correlation coefficients. The diagnostic performance
of ElastPQ and serum fibrosis markers, including
type Ⅳ collagen and hyaluronic acid, was assessed
using receiver operating characteristic curves (ROC).
The optimal cutoff values for predicting different
fibrosis stages were chosen to maximize the sum of
the sensitivity and specificity, and the corresponding
positive predictive values (PPVs) and negative predictive
values (NPVs) were computed. The AUC (area under
ROC) values for the different diagnostic criteria for the
same data were compared using the nonparametric
DeLong test.
Quantitative data were presented as the mean
± SD or median (quartile), while categorical data
were expressed as the number of cases with/without
percentage. Statistical analyses also included the
nonparametric Mann-Whitney U and Student’s t tests.
All statistical analyses were performed using SPSS
19.0 (SPSS, Chicago, IL, United States) for Windows
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500 μm

B

500 μm

A

D

C

100 μm

100 μm

E

F

G

H

Figure 1 Masson trichrome staining for assessment of liver fibrosis stages according to METAVIR (A: F1, B: F2, C: F3, and D: F4; 100 ×) and the
corresponding ElastPQ images (E: F1; F: F2; G: F3; and H: F4).

and significance was set at a P value < 0.05.

RESULTS
Experimental details

The experimental details are presented in Table 1.
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In addition to eight controls, ninety rabbits were
planned for inclusion. As mentioned in the Materials
and methods section due to humane termination (n
= 19) and failed LSM (n = 3) during Experiment 1,
information on sixty-eight rabbits was available for
analysis. Similarly, 10 wk after splenectomy or sham

10170

December 14, 2016|Volume 22|Issue 46|

Wang MJ et al . Liver stiffness measured by ElastPQ
50.00

Table 2 Distribution of liver fibrosis stages at different time
intervals in Experiment 1

Examiner 1

40.00
0 wk
2 wk
4 wk
6 wk
8 wk
10 wk
12 wk
14 wk
16 wk
18 wk
20 wk
Total

30.00

20.00

10.00

0.00
0.00

10.00

20.00

30.00

40.00

50.00

Examiner 2

Figure 2 Graph shows correlation of elastography point quantification
results between two examiners (ICC value of 0.888, r2 = 0.788, P < 0.05).

ElastPQ

30.00

20.00

10.00

0.00
1.00

2.00

3.00

F2

F3

F4

98

/
/
5
3
2
1
0
0
0
0
0
11

/
/
3
4
4
2
2
1
0
0
0
16

/
/
0
1
1
3
1
2
4
3
1
16

/
/
0
0
0
2
5
4
4
4
6
25

8

4.00

Fibrosis stage (metavir)

Figure 3 Boxplot shows the elastography point quantification results
for each fibrosis stage. The top and bottom of the boxes are the first and
third quartiles, respectively. Accordingly, the length of the box plot represents
the interquartile range within which 50% of the values were located. The
lines through the middle of the boxes indicate the median values. ElastPQ:
Elastography point quantification.

operation, complete data for only thirty-one rabbits
were available for comparable analyses.

Agreement between observers

The two doctors responsible for pathological diagnosis
were initially in agreement for 197 (85.3%) of the 231
liver samples (231 = 76 + 5 × 31) (k coefficient =
0.792, P < 0.01), and 100% agreement was reached
after final reviews. The ElastPQ results identified by
the two examiners were strongly correlated with an
ICC value of 0.888, and are illustrated in Figure 2.

Basic characteristics of the included rabbits

After 20 wk of medication, all fibrosis stages confirmed
by pathological examinations were observed. As shown
in Table 2, F1 was diagnosed in 11 cases (14.5%),
F2 in 16 (21.1%), F3 in 16 (21.1%), and F4 in 25
(32.9%), and eight healthy rabbits (F0, n = 8, 10.4%)
were included as controls. Table 3 includes the basic
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F1

information on rabbits with different stages of fibrosis.
Except for body weight and TB, AST, ALT, and albumin
levels, a trend for a stepwise increase in liver fibrosis
progression was found in the parameters, including
type Ⅳ collagen (F0: 200.8 ± 131.5 μg/L, F1: 427.1
± 226.2 μg/L, F2: 683.4 ± 332.5 μg/L, F3: 1161.4 ±
482.5 μg/L, and F4: 1292.0 ± 689.7 μg/L), hyaluronic
acid (F0: 225.6 ± 117.1 μg/L, F1: 475.7 ± 296.4
μg/L, F2: 676.2 ± 274.8 μg/L, F3: 724.0 ± 264.5
μg/L, and F4: 1182.3 ± 1091.3 μg/L), and LSM [F0:
7.88 kpa (6.60-8.46 kpa), F1: 8.46 kpa (6.22-10.35
kpa), F2: 10.89 kpa (8.09-14.46 kpa), F3: 18.62 kpa
(16.03-21.16 kpa), and F4: 25.10 kpa (20.28-30.95
kpa)].

40.00

0.00

F0

Relationship between histological findings and LSM by
ElastPQ

The median liver stiffness measured with ElastPQ in
the eight controls was 7.88 kpa (6.60-8.46 kpa). The
liver stiffness measured in the rabbits with fibrosis
ranged from 5.86 kpa to 39.12 kpa. Based on the
different fibrosis stages, the median liver stiffness
values in the animals with F1 to F4 were 8.46 kpa
(6.22-10.35 kpa), 10.89 kpa (8.09-14.46 kpa), 18.62
kpa (16.03-21.16 kpa), and 25.10 kpa (20.28-30.95
kpa), respectively, indicating a gradual increase in
fibrosis progression, which is shown in Figure 3, with a
Spearman correlation coefficient of 0.85 (P < 0.001).
Given that the distributions of ElastPQ results for F0
and F1 were comparable and only eight F0 rabbits
were included, F0 and F1 rabbits were combined
as a single group for further analyses. Significant
differences in the LSM by ElastPQ between each
fibrosis stage were observed (F0-1 vs F2, P < 0.01; F2
vs F3, P < 0.01; and F3 vs F4, P < 0.01).

Relationship between the LSM by ElastPQ and fibrosis
blood tests

ROC curves of ElastPQ, hyaluronic acid, and type
Ⅳ collagen for predicting minimal fibrosis (F0-F1
vs F2-F4), moderate fibrosis (F0-F2 vs F3-F4), and
cirrhosis (F0-F3 vs F4) are shown in Figure 4A-C. The
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Figure 4 Receiver operating characteristic curves of elastography point quantification and serum fibrosis markers for diagnosis of (A) minimal fibrosis
(F0-F1 vs F2-F4), (B) moderate fibrosis (F0-F2 vs F3-F4), and (C) cirrhosis (F0-F3 vs F4). ElastPQ: Elastography point quantification.

Table 3 Basic characteristics of rabbits with different liver fibrosis stages in Experiment 1
Parameters
Body weight (kg)
Type Ⅳ collagen (μg/L)
Hyaluronic acid (μg/L)
TB (μmol/L)
AST (IU/L)
ALT (IU/L)
Albumin (g/L)
LSM (kPa)

F0 (n = 8)

F1 (n = 11)

F2 (n = 16)

F3 (n = 16)

F4 (n = 25)

2.34 ± 0.24
200.8 ± 131.5
225.6 ± 117.1
0.98 ± 0.53
26.8 ± 14.7
14.0 ± 3.7
42.7 ± 4.9
7.88 (6.60-8.46)

2.28 ± 0.27
427.1 ± 226.2
475.7 ± 296.4
1.91 ± 0.63
345.0 ± 295.9
254.7 ± 194.0
40.4 ± 4.6
8.46 (6.22-10.35)

2.39 ± 0.14
683.4 ± 332.5
676.2 ± 274.8
2.20 ± 0.85
449.2 ± 304.7
301.5 ± 210.7
36.5 ± 4.3
10.89 (8.09-14.46)

2.30 ± 0.38
1161.4 ± 482.5
724.0 ± 264.5
1.81 ± 0.82
666.4 ± 428.3
456.3 ± 316.0
32.3 ± 6.4
18.62 (16.03-21.16)

2.24 ± 0.33
1292.0 ± 689.7
1182.3 ± 1091.3
1.64 ± 0.91
616.1 ± 609.2
486.5 ± 295.8
35.3 ± 5.9
25.10 (20.28-30.95)

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LSM: Liver stiffness measurement; TB: Total bilirubin.

AUROC (area under ROC) of ElastPQ for predicting
minimal fibrosis (0.931, 95%CI: 0.849-0.977) was
comparable to those of hyaluronic acid (0.807,
95%CI: 0.700-0.889) and type Ⅳ collagen (0.919,
95%CI: 0.833-0.969), while the ElastPQ for
predicting moderate fibrosis and cirrhosis (0.969,
95%CI: 0.901-0.995; 0.925, 95%CI: 0.841-0.973)
was significantly superior to hyaluronic acid (0.677,
95%CI: 0.560-0.780; 0.670, 95%CI: 0.553-0.774)
and type Ⅳ collagen (0.861, 95%CI: 0.762-0.930;
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0.695, 95%CI: 0.578-0.795), which is summarized in
Table 4. The ElastPQ critical values for differentiating
fibrosis stages were subsequently confirmed by the
ROC, and the corresponding specificities, sensitivities,
PPVs, and NPVs are listed in Table 5.

Longitudinal change in the LSM by ElastPQ and liver
function following splenectomy

The longitudinal ElastPQ and laboratory data for rabbits
with different stages of fibrosis after splenectomy and
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Table 4 Comparison between elastography point quantification and fibrosis blood tests
AUROC
ElastPQ
Hyaluronic acid
Type Ⅳ collagen

F0-F1 vs F2-F4

F0-F2 vs F3-F4

F0-F3 vs F4

0.931 (0.849-0.977)
0.807 (0.700-0.889)
0.919 (0.833-0.969)

0.969 (0.901-0.995)
0.677 (0.560-0.780)a
0.861 (0.762-0.930)a

0.925 (0.841-0.973)
0.670 (0.553-0.774)a
0.695 (0.578-0.795)a

Comparison of AUROC between ElastPQ and hyaluronic acid or type Ⅳ collagen, aP < 0.05. ElastPQ: Elastography point quantification.

Table 5 Cutoff and performance values of elastography point quantification for diagnosis of liver fibrosis stages
Parameter

F0-F1 vs F2-F4

F0-F2 vs F3-F4

F0-F3 vs F4

AUROC
Optimal cutoff value
Sensitivity (%)
Specificity (%)
PPV (%)
NPV (%)

0.931 (0.849-0.977)
11.27
82.5 (70.1-91.3)
94.7 (74.0-99.9)
97.9 (88.9-99.9)
64.3 (44.1-81.4)

0.969 (0.901-0.995)
14.89
87.8 (73.8-95.9)
94.3 (80.8-99.3)
94.7 (82.3-99.4)
86.8 (71.9-95.6)

0.925 (0.841-0.973)
18.21
88.0 (68.8-97.5)
84.3 (71.4-93.0)
73.3 (54.1-87.7)
93.5 (82.1-98.6)

PPV: Positive predictive values; NPV: Negative predictive value.
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Figure 5 Dynamic changes in liver stiffness measurement by elastography point quantification after surgery in rabbits with F1 (A), F2 (B), F3 (C), and F4 (D)
liver fibrosis (sham group vs splenectomy group). LSM: Liver stiffness measurement; ElastPQ: Elastography point quantification.

sham operation in Experiment 2 are shown in Tables
6 and 7. For the nine rabbits with F1 liver fibrosis (five
in the splenectomy group vs four in the sham group),
the increase in ElastPQ values was delayed in the
splenectomy group compared with that in the sham
group during the following the operations (Figure 5A),
while the changes in other laboratory parameters,
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including AST, ALT, albumin, and TB levels, indicated
otherwise (Figure 6, Table 7). For the rabbits with
F2, F3, and F4 liver fibrosis, no favorable change in
parameters, including the ElastPQ, AST, ALT, albumin,
and TB levels, was detected in the splenectomy group
compared with the sham group over the 10-wk period
after the operations (Figure 5B-D, Figure 6 and Table 7).
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Table 6 Longitudinal changes in liver stiffness measurement (kPa) via elastography point quantification between splenectomy and
sham groups

F1
F2
F3
F4

Group S (n = 5)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 3)
Group L (n = 3)

POW 0

POW 2

POW 4

POW 6

POW 8

POW 10

8.46 (6.63-8.50)
8.59 (7.12-10.13)
10.81 (8.34-13.48)
10.50 (9.31-11.96)
19.19 (17.77-21.25)
22.08 (18.24-25.35)
27.56 (23.40-28.34)
23.98 (20.21-28.66)

8.74 (6.97-8.91)
12.79 (11.01-14.62)
14.45 (12.53-15.70)
15.39 (13.55-16.92)
22.90 (20.70-25.17)
25.17 (21.79-27.59)
31.23 (26.84-32.22)
29.12 (23.68-31.19)

11.34 (9.13-12.89)
14.35 (12.24-16.70)
18.28 (16.72-18.56)
17.90 (16.01-19.27)
26.99 (25.13-28.88)
27.21 (24.38-30.23)
30.12 (27.89-32.12)
32.00 (28.17-33.00)

14.32 (11.45-15.45)
16.30 (13.25-20.07)
20.73 (18.09-22.26)
20.25 (18.92-21.51)
29.98 (26.14-33.23)
29.72 (28.27-30.70)
36.12 (32.39-36.34)
29.00 (28.56-32.56)

18.89 (16.43-19.23)
21.01 (16.11-25.45)
25.50 (23.10-25.89)
23.89 (23.15-25.24)
32.38 (29.06-35.89)
31.89 (29.91-33.98)
35.10 (34.12-36.27)
33.43 (33.32-35.32)

19.24 (17.78-21.09)
23.34 (20.66-26.15)
30.79 (27.29-33.31)
30.60 (28.54-32.29)
35.79 (33.79-37.31)
32.22 (30.70-34.71)
36.12 (34.06-37.28)
35.30 (35.25-37.21)

POW: Postoperative weeks; Group S: Rabbits received splenectomy plus liver biopsy; Group L: Rabbits received liver biopsy only.

Table 7 Longitudinal changes in liver function between splenectomy and sham groups

AST (IU/L)
F1
F2
F3
F4
ALT (IU/L)
F1
F2
F3
F4
Albumin (g/L)
F1
F2
F3
F4
TB (μmol/L)
F1
F2
F3
F4

POW 0

POW 2

Group S (n = 5)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 3)
Group L (n = 3)

138.0 ± 87.3
447.0 ± 292.7
353.6 ± 208.4
392.0 ± 290.5
578.3 ± 219.5
598.8 ± 219.5
562.2 ± 356.6
412.6 ± 190.9

236.7 ± 110.6
245.5 ± 98.3
473.4 ± 212.1
493.5 ± 269.0
681.3 ± 208.9
569.8 ± 208.9
604.2 ± 314.3
508.7 ± 253.8

Group S (n = 5)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 3)
Group L (n = 3)

88.7 ± 39.2
195.0 ± 39.6
224.6 ± 187.8
291.8 ± 65.9
315.7 ± 232.7
477.8 ± 151.7
416.8 ± 286.2
529.0 ± 167.0

Group S (n = 5)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 3)
Group L (n = 3)
Group S (n = 5)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 4)
Group L (n = 4)
Group S (n = 3)
Group L (n = 3)

POW 4

POW 6

POW 8

POW 10

484.3 ± 244.2
589.5 ± 140.7
426.0 ± 186.4
407.5 ± 100.4
534.0 ± 292.2
651.5 ± 292.2
578.4 ± 247.7
604.0 ± 121.8

307.3 ± 138.9
455.0 ± 309.7
448.6 ± 286.4
506.3 ± 156.8
622.7 ± 286.2
513.0 ± 286.2
623.8 ± 101.1
616.7 ± 203.1

454.0 ± 291.3
517.5 ± 55.9
658.2 ± 221.9
494.5 ± 88.8
584.7 ± 144.5
435.5 ± 144.5
672.6 ± 122.6
571.0 ± 145.7

574.3 ± 350.6
470.0 ± 155.6
575.6 ± 104.4
550.0 ± 125.6
713.3 ± 122.8
831.8 ± 122.8
525.6 ± 153.2
480.3 ± 91.4

270.3 ± 144.9
322.0 ± 76.4
240.8 ± 96.7
364.3 ± 86.5
434.0 ± 171.8
484.0 ± 34.4
490.6 ± 43.3
475.8 ± 106.7

460.7 ± 227.5
430.5 ± 2.1
355.8 ± 165.8
310.3 ± 35.8
528.3 ± 137.7
459.3 ± 132.5
626.2 ± 93.0
600.4 ± 116.3

379.0 ± 179.2
445.0 ± 108.9
342.6 ± 165.1
414.5 ± 136.8
588.0 ± 61.6
601.0 ± 274.9
478.0 ± 83.3
512.6 ± 207.8

526.7 ± 185.8
560.5 ± 87.0
436.8 ± 74.9
473.3 ± 140.5
461.3 ± 208.2
488.8 ± 210.2
550.6 ± 252.5
576.8 ± 233.1

440.7 ± 220.4
372.0 ± 198.0
458.0 ± 92.4
498.3 ± 174.0
497.3 ± 73.6
507.0 ± 133.2
519.2 ± 44.9
695.4 ± 150.6

41.6 ± 2.4
41.3 ± 4.9
39.0 ± 1.9
39.6 ± 1.6
30.7 ± 4.3
31.1 ± 5.7
35.8 ± 5.6
35.3 ± 6.6

40.5 ± 1.8
40.2 ± 3.0
38.3 ± 1.9
39.6 ± 1.7
30.3 ± 3.9
30.8 ± 5.1
36.0 ± 4.7
34.9 ± 5.8

39.4 ± 2.3
40.3 ± 1.8
38.3 ± 1.5
38.0 ± 1.5
29.8 ± 3.3
31.8 ± 4.6
34.5 ± 4.1
35.4 ± 6.1

40.5 ± 3.4
39.3 ± 0.6
38.9 ± 2.0
39.5 ± 0.8
31.0 ± 3.0
30.6 ± 5.2
34.2 ± 4.8
34.8 ± 3.4

40.0 ± 2.0
39.3 ± 2.0
38.9 ± 1.6
39.0 ± 1.4
30.2 ± 3.8
30.9 ± 4.9
35.1 ± 5.1
34.8 ± 4.9

39.8 ± 1.7
40.7 ± 1.3
38.9 ± 0.8
38.9 ± 1.9
30.5 ± 4.1
30.3 ± 4.2
35.5 ± 3.6
35.0 ± 5.6

1.08 ± 0.10
1.34 ± 0.16
2.01 ± 0.72
2.08 ± 0.23
2.36 ± 0.64
2.59 ± 0.76
2.30 ± 0.56
2.35 ± 0.84

1.30 ± 0.16
1.38 ± 0.08
2.35 ± 0.58
2.45 ± 0.51
2.52 ± 0.64
2.87 ± 0.42
2.58 ± 0.54
2.49 ± 0.52

1.60 ± 0.16
1.39 ± 0.08
2.45 ± 0.61
2.62 ± 0.45
2.62 ± 0.51
2.88 ± 0.48
2.73 ± 0.22
2.82 ± 0.67

1.58 ± 0.18
1.65 ± 0.20
2.65 ± 0.47
2.67 ± 0.23
2.66 ± 0.29
2.94 ± 0.33
2.88 ± 0.18
2.96 ± 0.13

1.71 ± 0.23
1.51 ± 0.19
2.76 ± 0.51
2.99 ± 0.15
2.97 ± 0.19
3.13 ± 0.20
3.05 ± 0.26
3.11 ± 0.48

1.70 ± 0.22
1.58 ± 0.25
2.81 ± 0.54
2.68 ± 0.40
3.09 ± 0.10
3.09 ± 0.12
3.03 ± 0.38
3.08 ± 0.51

POW: Postoperative weeks; Group S: Rabbits received splenectomy plus liver biopsy; Group L: Rabbits received liver biopsy only.

DISCUSSION
In the current study, after four to twenty weeks of
fibrosis induction, the LSM increased from 7.88 kpa
to 5.86-39.12 kpa in all rabbits with different proven
fibrosis stages. Two specific serum markers of liver
fibrogenesis (type Ⅳ collagen and hyaluronic acid)
were selected to reflect the progression of CCl4-induced
liver fibrosis, and both markers showed a step-wise
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correlation with liver fibrosis stages compared to the
LSM via ElastPQ, reinforcing that ElastPQ can reflect
the severity of liver fibrosis. However, a comparison of
the baseline values of liver stiffness in different studies
cannot be performed mainly due to variations in the
modeling methods and species.
Although there was a significant increase in the LSM
via ElastPQ with increased fibrosis stage, there was
a degree of overlap between consecutive stages. In
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Figure 6 Longitudinal changes in liver function following splenectomy vs sham operation at different liver fibrosis stages. A: Changes in AST for rabbits with
F1-F4 liver fibrosis; B: Changes in ALT for rabbits with F1-F4 liver fibrosis; C: Changes in total bilirubin for rabbits with F1-F4 liver fibrosis; and D: Changes in albumin
for rabbits with F1-F4 liver fibrosis. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.
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this study, for F0-F2 liver fibrosis categories, the LSM
was 7.88 (6.60-8.46), 8.46 (6.22-10.35), and 10.89
(8.09-14.46), respectively, which may have been due
to an insufficient number of animals with F0-F2. A
similar concern was reported in a previous study on
[39]
the ARFI for assessing liver fibrosis . The ElastPQ
cutoff values for minimal fibrosis (F0-F1 vs F2-F4),
moderate fibrosis (F0-F2 vs F3-F4), and cirrhosis (F0-F3
vs F4) were defined. As shown in Table 5, the ElastPQ
cutoff values for predicting different stages of fibrosis
can be clearly distinguished, which may be due to the
relatively uniform distribution of rabbits with different
stages.
The areas under the ROC curves were compared
for ElastPQ, hyaluronic acid and type Ⅳ collagen. The
ElastPQ prediction of minimal fibrosis was comparable
to that for hyaluronic acid and type Ⅳ collagen,
while the ElastPQ prediction of moderate fibrosis and
cirrhosis was significantly superior to hyaluronic acid.
This outcome demonstrates that this non-invasive
technique could have clinical utility.
With continuing basic research, the concept of
liver fibrosis has changed from static and progressive
to dynamic and bidirectional, especially when the
causes of liver damage have been removed. In
addition, because there is a significant correlation
between the ElastPQ values and liver fibrosis stages,
it is theoretically possible to use ElastPQ to noninvasively assess the effect of anti-fibrosis treatments.
Indeed, previous studies have reported on the clinical
application of TE for dynamically monitoring fibrosis
regression during antiviral treatment in chronic
hepatitis B and C patients, indicating that the TE values
[40,41]
seem to decrease during antiviral therapy
.
Although splenectomy is performed for patients
[21,42]
with hypersplenism in some institutions
, hyper
splenism in most patients should be considered a
laboratory abnormality that does not require treatment
[43]
or further consideration . However, a previous welldesigned study indicated that splenectomy attenuated
[22]
murine liver fibrosis . Therefore, splenectomy remains
controversial for patients with hypersplenism. In the
present study, splenectomy was only used to group
rabbits and then determine whether splenectomy at
different liver fibrosis stages will delay or reverse the
progression of liver fibrosis. A previous study indicated
that the spleen plays an important regulatory role in
rat liver cirrhosis induced by a choline-deficient L-amino
[44]
acid-defined diet . In this study, a trend suggesting
that splenectomy can delay the progression of early
liver fibrosis (especially F1) was detected. A previous
study using a rat liver fibrosis model indicated that
spleen-derived TGF-β1 is involved in the development
of liver fibrosis such that decreasing the TGF-β1 level
by splenectomy could inhibit hepatic stellate cell
[45]
activation and then improve liver fibrosis . However,
in the present study, splenectomy did not seem to
improve late liver fibrosis (especially types F3 and F4);
therefore, there may be another potential mechanism
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for improving early liver fibrosis following splenectomy.
Although activated HSCs have a great impact on
liver fibrogenesis, recent studies have suggested that
monocytes and their progeny macrophages are also
[46,47]
responsible for liver fibrosis
. Based on a study
[13]
of monocytes derived from BM
as well as studies
[14]
[15,16]
by Swirski et al
and other researchers
, there
are numerous monocytes in the spleen that could be
mobilized in pathological states. As a result, the spleen
can be considered a monocyte reservoir. An interesting
previous study demonstrated that the spleen is a site
for storing and rapidly deploying monocytes involved
[14]
in inflammation regulation . Therefore, performing
splenectomy in the early stages of liver fibrosis would
block the rapid deployment of monocytes to the liver,
which may alleviate the inflammatory reaction and
delay liver fibrosis. In contrast, performing splenectomy
in the late stage would not help to postpone liver
fibrosis, which may be explained by the hypothesis
that during the late stage, monocytes from BM play a
predominant role in liver fibrosis. However, it should be
further determined whether the diversity of monocyte
origin influences the different stages of liver fibrosis.
In summary, ElastPQ is an available, convenient,
objective and non-invasive technique for assessing
liver stiffness in rabbits with CCl4-induced liver fibrosis,
and paves the way for its clinical application. Addi
tionally, liver stiffness measurements with ElastPQ can
dynamically monitor the changes in liver stiffness in
rabbit models, or patients, after splenectomy. However,
the underlying mechanism by which early splenectomy
can decelerate liver fibrosis should be further studied.
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Abstract
AIM
To evaluate the hepatoprotective effect of lycopene (Ly)
on non-alcoholic fatty liver disease (NAFLD) in rat.
METHODS
A rat model of NAFLD was first established by feeding
a high-fat diet for 14 wk. Sixty-five rats were randomly
divided into normal group, model group and Ly treatment
groups. Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), triglycerides (TG), total cho
lesterol (TC) in serum and low density lipoproteincholesterol (LDL-C), high density lipoprotein-cholesterol
(HDL-C), free fatty acid (FFA), malondialdehyde (MDA),
superoxide dismutase (SOD), glutathione (GSH) in
liver tissue were evaluated, respectively. While the
hepatoprotective effect was also confirmed by histo
pathological analysis, the expression levels of TNF-α
and cytochrome P450 (CYP) 2E1 in rat liver were deter
mined by immunohistochemistry analysis.
RESULTS
A significant decrease was observed in the levels of
serum AST (2.07-fold), ALT (2.95-fold), and the blood
lipid TG (2.34-fold) and TC (1.66-fold) in the dose
of 20 mg/kg Ly-treated rats (p < 0.01), compared
to the model group. Pretreatment with 5, 10 and
20 mg/kg of Ly significantly raised the levels of
antioxidant enzyme SOD in a dose-dependent manner,
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to 90.95 ± 9.56, 109.52 ± 11.34 and 121.25 ± 10.68
(p < 0.05, p < 0.01), as compared with the model
group. Similarly, the levels of GSH were significantly
increased (p < 0.05, p < 0.01) after the Ly treatment.
Meanwhile, pretreatment with 5, 10 and 20 mg/kg of
Ly significantly reduced MDA amount by 30.87, 45.51
and 54.49% in the liver homogenates, respectively (p
< 0.01). The Ly treatment group showed signiﬁcantly
decreased levels of lipid products LDL-C (p < 0.05,
p < 0.01), improved HDL-C level and significantly
decreased content of FFA, compared to the model
group (p < 0.05, p < 0.01). Furthermore, the Ly-treated
group also exhibited a down-regulated TNF-α and
CYP2E1 expression, decreased infiltration of liver fats
and reversed histopathological changes, all in a dosedependent manner (p < 0.05, p < 0.01).
CONCLUSION
This study suggests that Ly has a protective effect on
NAFLD, down-regulates expression of TNF-α, and that
CYP2E1 may be one of the action mechanisms for Ly.
Key words: Lycopene; Antioxidant; Hepatoprotective;
Non-alcoholic fatty liver; Cytochrome P450 2E1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Lycopene (Ly), a phytochemical belonging
to the carotenoid family, is a red-colored pigment,
apolar and acyclic carotenoid. The present study was
designed to evaluate the possible hepatoprotective
effect of Ly on non-alcoholic fatty liver disease (NAFLD)
in rat. This study represents the first examination of
the effects of Ly on the therapy of NAFLD, and showed
down-regulated expression of TNF-α and indicated that
CYP2E1 may be one of the action mechanisms for Ly.
Jiang W, Guo Mh, Hai X. Hepatoprotective and antioxidant
effects of lycopene on non-alcoholic fatty liver disease in rat.
World J Gastroenterol 2016; 22(46): 10180-10188 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i46/10180.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i46.10180

MATERIALS AND METHODS

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is one of the
causes of fatty liver, occurring when fat is deposited
(steatosis) in the liver due to causes other than ex
cessive alcohol use. NAFLD is considered to cover a
spectrum of liver diseases, including simple steatosis,
non-alcoholic steatohepatitis (NASH), liver ﬁbrosis,
[1,2]
liver cirrhosis and hepatocellular carcinoma (HCC) .
Ninety percent of patients with NAFLD show close
relation with one or more of the following risk factors:
hypertension, dyslipidemia, elevated triglyceride (TG)
levels, obesity, insulin resistance, metabolic syndrome,
[3]
type 2 diabetes mellitus and cardiovascular disease .
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Currently, the percentage of people with NAFLD is
approximately 20% worldwide and 25% in Western
countries, making it one of the most dominant causes
of chronic liver disease affecting both adults and
[4]
children . NAFLD is more common in patients with
severe diabetes and obesity, mortality and disease
evolution to liver ﬁbrosis or liver cirrhosis is increased
[5]
in old people with NAFLD . Recently, the “two-hit”
theory has arisen as a popular mechanism, although
[6]
the cause of NAFLD remains to be clearly elucidated .
Furthermore, there is not any speciﬁc drug available
for NAFLD, and no drug has yet to be tested in clinical
phase Ⅲ trials. Therefore, no speciﬁc therapy can be
[7]
ﬁrmly recommended to the patients with NAFLD .
Lycopene (Ly), a phytochemical belonging to
carotenoid family, is a red-colored pigment, acyclic
[8]
and apolar carotenoid . It is abundantly found in
red-colored vegetables and fruits, such as tomatoes,
papaya, gac fruit, pink grape-fruit, pink guava, carrots
and watermelon, with the concentrations ranging from
[9]
9 to 42 mg/kg depending on the variety . Ly displays
a range of unique and distinct biological properties
owing to its acyclic structure, hydrophobicity and large
array of conjugated double bonds. Recently, diverse
studies have been reported that lycopene exerts
powerful antioxidant activity both in vitro and in vivo
against the oxidation of proteins, lipids and DNA, and
also has the potential of quenching singlet oxygen 100
times more efﬁciently than vitamin E and 125 times
[10]
more than glutathione (GSH) . Furthermore, even
at low oxygen tension, it can also scavenge peroxyl
[11]
radicals, inhibiting the process of lipid peroxidation .
It is the most efﬁcient quencher of singlet oxygen
[11]
among all naturally occurring carotenoids , and
recently it has been in great demand as a food ad
ditive and a natural antioxidant. Additionally, Ly also
exhibited potent neuroprotective, anti-inﬂammatory,
anti-proliferative, maintenance of normal cell meta
bolism, cognition enhancing properties, regulating
[12-16]
blood lipid metabolism and so on
. Therefore, with
this background, we aimed to investigate the possible
beneﬁcial effects and the possible action mechanism of
Ly on NAFLD using a rat model system.

Materials and reagents

Alanine aminotransferase (ALT), aspartate amino
transferase (AST), TG, total cholesterol (TC), low
density lipoprotein-cholesterol (LDL-C), high density
lipoprotein-cholesterol (HDL-C), free fatty acid (FFA),
malondialdehyde (MDA), superoxide dismutase (SOD)
and GSH kits were obtained from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). Protein assay
kit was from Zhongshan Institute of Biotechnology
(Beijing, China).
Mouse anti-TNF-α, rabbit anti-cytochrome P4502E1
(CYP2E1), horseradish peroxidase (HRP)-conjugated
goat anti-mouse IgG and HRP-conjugated goat anti-
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rabbit IgG antibodies were provided by Proteintech
Group, Inc. (Chicago, IL, United States).
Ly (> 95%) was purchased from North China
Pharmaceutical Co., Ltd. (Shijiazhuang, China).
The high-fat diet (HFD: 88% basic feed + 10% lard
+ 2% cholesterol) was prepared in our lab.

buffered saline (pH 7.2) with a polytron homogenizer.
The level of MDA in liver tissues was measured at
532 nm with a spectrophotometer (U-2001 Hitachi
Ltd., Tokyo, Japan) following the kit protocol from
Jiancheng Biological Engineering Institute. The data
are expressed as nmol/mg protein of liver tissue.

Animals

Measurement of antioxidant and antioxidant enzyme
activity

Male Wistar rats (body weight 150 ± 10 g) were
obtained from the Experimental Animal Center of
Harbin Medical University (China). Six rats were kept in
each single polyacrylic cage and were quarantined for
1 wk before the experiments. All animals were housed
under standard controlled conditions (temperature:
24 ± 1 ℃, humidity: 50% ± 5% and 12 h light/dark
cycle), with free access to food and water, and received
humane care according to National Institutes of Health
Guidelines of the United States (National Research
Council of United States, 1996) and the related ethical
regulations of Harbin Medical University. Animals were
fasted for 12 h before sampling of material.

Experimental design

After acclimatization for 1 wk, 65 Wistar male rats were
randomized into 2 groups. Group 1 (normal group) was
raised with normal feed (n = 12), and Group 2 (model
group) was raised on HFD (n = 53) for consecutive 8
th
wk. From the 9 wk, all the surviving rats in the model
group were further randomly divided into 1 model group
and 3 Ly treatment groups, which were given Ly at a
dose of 5, 10 or 20 mg/kg/d (n = 12), respectively. The
model group was continued on the HFD for 6 wk as
before, and the Ly groups were administered orally and
continued on the HFD for 6 wk as before.
Rats were sacrificed by cervical dislocation at the
end of the experiment, and blood samples of all rats
were harvested for serum biochemical markers assay.
The fresh liver obtained was weighed to calculate liver
coefficient (% = liver weight/body weight × 100). The
right liver lobe was fixed in 10% formalin to prepare
paraffin sections, and the rest was stored at -80 ℃ for
the other assays.

Serum biochemical markers assay

Serum was collected from blood after centrifugation
at 3000 rpm for 10 min at 4 ℃. Serum ALT, AST,
TG and TC were detected using commercial kits
according to the manufacturer’s instructions and
using a multifunctional biochemistry analyzer (AU600;
Olympus, Tokyo, Japan). The absorbance of ALT and
AST was read at 505 nm and the enzyme activity was
calculated as U/L. The absorbance of TG and TC was
read at 510 nm and the content was calculated as
mmol/L.

Measurement of MDA formation in lipid peroxidation

Liver homogenate (10%, w/v) was prepared by ho
mogenizing the liver tissue in 150 mmol/L Tris-HCl
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SOD and GSH activity were determined by commercial
kit from Jiancheng Biological Engineering Institute
following the protocol provided by the manufacturer.
The absorbance of the SOD reaction was read at 550
nm and the data are expressed as U/mg protein, while
the GSH reaction was read at 420 nm and the enzyme
activity was calculated as mg/g protein.

Measurement of liver LDL-C, HDL-C and FFA activity

LDL-C, HDL-C and FFA in liver tissue were measured
by commercial kit from Jiancheng Biological Engi
neering Institute following the protocol provided by
the manufacturer. The absorbance of LDL-C, HDL-C
and FFA reaction was read at 546 nm and the data are
expressed as mmol/L.

Histopathological observation

Liver specimens were fixed overnight in 10% formal
dehyde buffer, then embedded in paraffin and cut
into 5 µm thickness sections according to the routine
procedure. The sections were stained with hematoxylin
and eosin (HE) for routine histopathological exami
nation, and examined under a light microscope (BX-50;
Olympus) at 200 × magnification for the degree of
hepatic steatosis and photographed.

Immunohistochemistry analysis of hepatic TNF-α and
CYP2E1

Paraffin-embedded sections (5 µm) were mounted
on glass slides, then deparaffinized, incubated in 3%
H2O2 for 10 min to quench endogenous peroxidase
activity. The sections were stained with mouse antiTNF-α antibody and rabbit anti-CYP2E1 antibody at
4 ℃ overnight respectively, after blocking with normal
goat serum for 20 min. Then, the sections were
incubated with HRP-conjugated goat anti-mouse and
HRP-conjugated goat anti-rabbit antibody at 37 ℃ for
30 min, respectively. The immunoreactive antibodies
were visualized by incubation with DAB-H2O2 at room
temperature for 10 min. Images were taken at original
magniﬁcation of 200 × (Olympus BX-50 Microscope
and a Leica DMI; Leica Microsystems, Wetzlar,
Germany).

Statistical analysis

Data were expressed as mean ± SD and all statistical
comparisons were made by means of a one-way
ANOVA test followed by Dunett’s t-test. p < 0.05 and
< 0.01 were considered statistically significant.
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Table 1 Effect of lycopene on serum liver function markers
and blood lipid levels
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Ly 5 mg/kg

Figure 1 Effects of lycopene on body weight (A) and liver coefficient (B).
b
P < 0.01 vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene.

RESULTS
Effects of Ly on body weight and liver coefficient

After 8 wk of HFD feeding, the body weights of rats
in the model group were significantly increased
compared to that of rats in the control group (p < 0.01,
Figure 1A). Meanwhile, after Ly treatment for 6 wk,
the gain in body weight for the rats in the 10 and 20
mg/kg Ly-treated groups was lower than that for the
rats in the model group (p < 0.01, Figure 1A), which
indicated that Ly treatment could inhibit the occurrence
of obesity in HFD-administrated rats. Furthermore,
consistent with these modifications, the liver coefficient
was also reduced markedly in the Ly-treated rats (p <
0.05, p < 0.01, Figure 1B), compared to the control
group.

Serum levels of AST and ALT indirectly reflects the
failure of liver function. As shown in Table 1, serum
AST (2.67-fold) and ALT (3.66-fold) activities were
significantly increased after the administration of
HFD, as compared with the normal group (p < 0.01).
Compared with the model group, the levels of AST and
ALT were significantly decreased in a dose-dependent
manner after Ly treatment (5, 10 and 20 mg/kg) (p <
0.05, p < 0.01, Table 1).
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0.81 ± 0.06
3.04 ± 0.72b
2.31 ± 0.24
2.00 ± 0.12c
1.83 ± 0.15d

SOD
(U/mgprot)

GSH
(mg/gprot)

MDA
(nmol/mgprot)

131.42 ± 16.24
77.70 ± 7.63b
90.95 ± 9.56c
109.52 ± 11.34d
121.25 ± 10.68d

6.76 ± 1.54
2.55 ± 0.78b
2.68 ± 1.26
3.76 ± 0.91c
4.79 ± 1.51d

3.46 ± 1.11
7.58 ± 3.10b
5.24 ± 1.46d
4.13 ± 1.13d
3.45 ± 1.39d

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01 vs
control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene; SOD:
Superoxide dismutase; GSH: Glutathione; MDA: Malondialdehyde.

Ly 5 mg/kg Ly 5 mg/kg

Effect of Ly on serum ALT and AST levels

60.65 ± 6.28
0.52 ± 0.04
162.17 ± 35.53b 1.38 ± 0.21b
95.91 ± 13.65c 1.02 ± 0.10
88.53 ± 9.18d 0.75 ± 0.06c
78.44 ± 9.79d 0.59 ± 0.03d

Table 2 Effect of lycopene on liver antioxidant enzymespecific activities, antioxidant and lipid peroxidation levels

d

2.5

0.0

16.72 ± 2.62
61.25 ± 13.55b
30.90 ± 3.84c
26.33 ± 2.06d
20.77 ± 3.52d

AST (IU/L) TG (mmol/L) TC (mmol/L)

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01
vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG:
Triglycerides; TC: Total cholesterol.

t /wk

B

ALT (IU/L)

Effects of Ly on blood lipid levels

HFD-induced NAFLD provoked a marked incremental
change in TC and TG levels compared with those in
the normal group (p < 0.01, Table 1), which indicates
the successful establishment of the NAFLD model in
rats. However, after Ly exposure, the concentrations of
both TC and TG in blood were remarkably decreased in
dose-dependent manners, as compared to the NAFLD
model group (p < 0.05, p < 0.01, Table 1). All of these
findings indicate that Ly exerts obvious lipid-lowering
effects against NAFLD.

Effects of Ly on liver tissue SOD, GSH and MDA levels

The levels of liver antioxidant activities of SOD and GSH
were measured due to the oxidative stress exhibited
[17]
in the development of NAFLD . SOD and GSH are
capable of scavenging the lipid hydroperoxides, lipid
peroxide radicals and other products which are toxic
metabolites of NAFLD. Therefore, our study measured
the contents of SOD, GSH and MDA in liver tissue of
rats. From Table 2, we can clearly see the significant
differences between the HFD-treated model group and
the normal group for the levels of SOD and GSH, which
were largely decreased (p < 0.01, Table 2) in the HFDtreated group compared with that of normal group.
However, pretreatment with 5, 10 and 20 mg/kg of Ly
significantly raised the levels of the antioxidant enzyme
SOD in a dose-dependent manner, to 90.95 ± 9.56,
109.52 ± 11.34 and 121.25 ± 10.68 respectively (p <
0.05, p < 0.01, Table 2), as compared with the model
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Table 3 Effect of lycopene on low density lipoproteincholesterol, high density lipoprotein-cholesterol and free fatty
acid levels in liver tissue
Group

LDL-C (mmol/L) HDL-C (mmol/L)

Control
Model
Ly 5 mg/kg
Ly 10 mg/kg
Ly 20 mg/kg

0.34 ± 0.08
2.48 ± 0.13b
1.32 ± 0.10c
0.95 ± 0.05d
0.62 ± 0.08d

FFA (mmol/L)

0.98 ± 0.10
0.55 ± 0.02b
0.70 ± 0.04c
0.80 ± 0.05d
0.87 ± 0.05d

0.82 ± 0.13
2.03 ± 0.15b
1.73 ± 0.12
1.56 ± 0.10c
1.34 ± 0.08d

Data are expressed as mean ± SD (n = 12) for each group. bP < 0.01 vs
control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene; LDL-C:
Low density lipoprotein-cholesterol; HDL-C: High density lipoproteincholesterol; FFA: Free fatty acid.

group. Similarly, the levels of GSH were significantly
increased by treatment with 10 and 20 mg/kg of Ly (p
< 0.05, p < 0.01, Table 2).
MDA, an end-product of the breakdown of poly
unsaturated fatty acids and related esters, is an
important index of lipid peroxidation in many organ
[17]
homogenates . Administration of HFD caused a
significant increase in MDA concentration (2.19-fold),
as compared with the normal group (p < 0.01, Table 2).
However, pretreatment with 5, 10 and 20 mg/kg of Ly
significantly reduced the MDA amount by 30.87, 45.51
and 54.49% in the liver homogenates respectively (p
< 0.01, Table 2).

Effects of Ly on LDL-C, HDL-C and FFA levels in liver
tissue

Levels of lipid products were significantly increased
after 8 wk of HFD feeding in the model group com
pared to the control group (p < 0.01, Table 3). Results
showed that LDL-C was signiﬁcantly increased in the
model group compared with the normal group (p <
0.01, Table 3) and dramatically decreased in the Lytreatment group, as compared with that in the model
group (p < 0.05, p < 0.01, Table 3). In contrast,
HDL-C level was significantly decreased at the end
of the experiment, and Ly treatment signiﬁcantly
improved the HDL-C level, as compared with that
in the model group (p < 0.05, p < 0.01, Table 3).
Similarly, the concentration of FFA was remarkably
increased after HFD administration, and pretreatment
with Ly significantly decreased the content of FFA in a
dose-dependent manner (p < 0.05, p < 0.01, Table 3).

Histopathological changes in the liver tissue

Observed with the naked eye, the livers of the control
group were deep red, moist, glossy and resilient
(Figure 2AⅠ), while those of the model group showed
yellow necrotic foci, grey-red color, loss of luster and
tumescent (Figure 2AⅡ). However, in Ly-treated rats,
the liver injury was attenuated dramatically in a dosedependent manner (Figure 2AⅢ-Ⅴ).
HE-stained sections are shown in Figure 2B. Under
the photomicroscope, liver sections from the normal
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control group showed normal lobular architecture, liver
cells with well-preserved cytoplasm and well-deﬁned
nucleus (Figure 2BⅠ). Meanwhile liver sections from
the model group showed full fat vacuoles in lobule
cells, infiltration of inflammatory cells, cell swelling and
lipid degeneration in the central region of the lobules
(Figure 2BⅡ). Furthermore, in the liver sections of
the Ly-treated group, inflammatory response and lipid
degeneration were remarkably alleviated, as compared
with the model group, and the liver cell volume
became smaller, the fat droplet number was reduced
and the hepatic lobules were clearly delineated (Figure
2BⅢ-Ⅴ).

Effect of Ly on immunohistochemistry analysis of
hepatic TNF-α and CYP2E1

The immunohistochemistry (IHC) analysis of liver
tissue showed no TNF-α expression in the normal
group (Figure 3AⅠ), but increased expression of
TNF-α in the HFD-model group (Figure 3AⅡ). After
pretreatment with Ly (5, 10 and 20 mg/kg), TNF-α
expression decreased in a dose-dependent manner,
but remained higher than that in the normal group
(Figure 3AⅢ-Ⅴ). Quantiﬁcation of the positive
expression of TNF-α is shown in Figure 3AⅥ. The
b
results are presented as mean ± SD of (n = 12). p <
0.01 was signiﬁcantly different from the normal group;
c
d
p < 0.05 and p < 0.01 were signiﬁcantly different
from the model group, respectively.
In Figure 3B, the normal liver expressed the
lowest amount of CYP2E1 (Figure 3BⅠ). The HFDmodel group showed significantly higher expression
of CYP2E1, as compared with the controls (p < 0.01,
Figure 3BⅡ). Meanwhile the Ly-treated group (5, 10
and 20 mg/kg) showed markedly decreased CYP2E1
expression (Figure 3BⅢ-Ⅴ). Quantiﬁcation of the
positive expression of CYP2E1 is shown in Figure 3B
Ⅵ. The results are presented as mean ± SD (n = 12).
b
p < 0.01 was signiﬁcantly different from the control
c
d
group; p < 0.05 and p < 0.01 were signiﬁcantly
different from the model group, respectively.

DISCUSSION
NAFLD is defined by hepatic fat deposition in the
absence of excessive alcohol intake, which is also
associated with the insulin resistance (IR) and
[18-20]
metabolic syndrome
. Generally, NAFLD is defined
as a concentration of hepatic TG exceeding 5% liver
weight, and often exhibits a histological spectrum
ranging from simple steatosis to NASH. NASH is
characterized by hepatocellular damage, fibrogenesis
[21,22]
and lobular necro-inflammation
, which may
[23,24]
evolve to hepatic cirrhosis and HCC
. Although
HFD-induced NAFLD animal models need a lengthy
feeding period, they are more close to human NAFLD
in pathophysiology, including induced obesity, IR
[25]
and hepatic steatosis in mice or rats . Emotional
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Figure 2 Appearance of rat liver tissue (A) and histopathological examination by HE (B, 200 ×). Ⅰ: Control group; Ⅱ: Model group; Ⅲ: Ly 5 mg/kg group; Ⅳ:
Ly 10 mg/kg group; Ⅴ: Ly 20 mg/kg group. Ly: Lycopene.
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Figure 3 Representative photographs of immunological histological chemistry examination (200 ×). A: TNF-α; B: CYP2E1. Ⅰ: Control group; Ⅱ: Model group;
Ⅲ: Ly 5 mg/kg group; Ⅳ: Ly 10 mg/kg group; Ⅴ: Ly 20 mg/kg group; Ⅵ: Quantiﬁcation of TNF-α (A-VI) and CYP2E1 (B-VI) stained cells. The results are expressed
as mean ± SD of 12 rats. bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs model group. Ly: Lycopene.

disorders or poor diet with the key points of blood
stasis and phlegm is regarded as the etiology of
NAFLD, and these etiologies are related to the organs
of liver, spleen and kidney, according to the traditional
[26]
medicine theory . Thus, promoting blood circulation
to remove meridian obstruction, reducing phlegm,
removing dampness and liver-kidney-tonifying are an
effective approach to treatment of NAFLD. However,
at present, although tremendous effort has made in
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prevention of NAFLD by clinicians and researchers
alike, there are no approved treatment drugs for
NAFLD. Hence, developing and exploring a novel agent
to delay or reverse the pathogenesis progression in
NAFLD are very important objectives.
Ly is a natural pigment, synthesized by plants and
microorganisms. Red fruits and vegetables are the
most common sources of Ly, which exhibits the highest
antioxidant activity among all dietary carotenoids.
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Furthermore, the Mediterranean dietary pattern,
which includes proportionally high consumption of
vegetables and fruits with Ly, has shown notable
[27,28]
. Therefore, nowadays,
benefits for NAFLD patients
the potential role of Ly in human health is beginning to
be recognized, and the most important health benefits
are hypothesized to occur through their ability to
[29,30]
protect against oxidative damage
. In vitro studies
have demonstrated that Ly is an effective antioxidant
[31,32]
and radical scavenger
. Ly is the most potent
singlet oxygen quencher among natural carotenoids,
[33]
due to its high number of conjugated dienes , and
recent studies have shown that Ly is at least two times
as active as β-carotene in protecting lymphocytes for
[34,35]
NO2· radical-induced membrane damage
, which
indicates that Ly is the most potent scavenger of
[36,37]
ROS among other major dietary carotenoids
. In
addition, Ly was shown to protect human LDL against
[32]
photosensitized oxidative damage . Thus, based on
the benefits of Ly, the aim of the present study was to
explore the effect of Ly in prevention of HFD-induced
NAFLD in a rat model. To the best of our knowledge,
this is the first time research has attempted to explore
the potent effects of Ly on HFD-induced NAFLD rats.
In the present study, compared to a normal control
group, it was demonstrated that the liver coefficient
and the levels of serum ALT, AST, TG and TC were
signiﬁcantly increased, the levels of LDL-C and FFA
in liver were markedly increased, and HDL-C was
markedly reduced in HFD-induced NAFLD model rats.
Pretreatment with Ly showed that Ly is able to inhibit
the incremental changes in ALT and AST, to decrease
the TG, TC, LDL-C and FFA levels, and to increase
the HDL-C level. In addition, the histopathological
changes from microscopy observation correlated with
the examination of liver function. The centrilobular
hepatic necrosis, ballooning degeneration, fatty
change and infiltrating lymphocytes were observed
in NAFLD model group. Treatment with Ly prevented
these histopathological changes in rats induced with
HFD. Thus, these results suggested that the inhibition
of the elevation of liver function markers, obvious
lipid-lowering and liver damage may related to the
protective effect of Ly against HFD-induced NAFLD.
Moreover, Ly enhanced the activities of SOD, increased
GSH and diminished MDA against the HFD-induced
NAFLD in these animals, suggesting that the activity of
antioxidants may play a role in the mechanism of its
hepatoprotective effects.
TNF-α is a central proinflammatory cytokine,
which is associated with a variety of physiological and
pathological conditions, including cytotoxicity, growth
stimulation, immune-modulation and pro-inﬂammatory
activity. In addition, TNF-α is produced predominantly
by the monocyte macrophage lineage in liver, and the
main population of this lineage is Kupffer cells. Thus,
increased TNF-α production by activated Kupffer cells
may be responsible for NAFLD. Furthermore, the most
current studies have indicated that inhibition of TNF-α
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could decrease the content of hepatic fatty storage in
[38]
the HFD-induced NAFLD model . In our study, the
effects of TNF-α in damaged liver was evaluated by
IHC. Compared to the normal group, rats treated with
HFD showed up-regulated expression of TNF-α, while
pretreatment with Ly led to down-regulated expression
of TNF-α compared to the HFD-model group.
The isoform 2E1 of CYP is one of the most potent
microsome cytochromes to generate ROS, and it
is involved in the metabolism of isoniazid and the
[39]
mediation of its hepatotoxicity , which has been
exhibited to be invariably increased in the livers of
[40]
NAFLD patients . In this study, the expression of
CYP2E1 in the HFD-model group was observed to be
increased, while the Ly treatment group showed a
significant down-regulation of its expression, especially
in the high-dose Ly-treated group.
In conclusion, oral administration of Ly improved
lipid profiles and remarkably decreased the levels
of serum AST, ALT, TG and TC, alleviated the levels
of liver LDL-C and FFA, increased the activities of
antioxidant enzymes (GSH, SOD) and reduced the lipid
peroxides in liver (MDA) in NAFLD model rats. Further,
the Ly-treated group also showed down-regulated
expression of TNF-α and CYP2E1, decreased liver fats
infiltration and improved histopathological changes, all
in dose-dependent manners. The increased antioxidant
enzyme levels and the decreased lipid peroxides
contents are suggested to be important mechanisms
of Ly in preventing the development of liver damage
induced by HFD.

COMMENTS
COMMENTS
Background

Non-alcoholic fatty liver disease (NAFLD) is one of the causes of fatty liver,
which encompasses a spectrum of liver diseases, including simple steatosis,
non-alcoholic steatohepatitis (NASH), liver ﬁbrosis, liver cirrhosis and
hepatocellular carcinoma (HCC). Until now, there is not any speciﬁc drug
available, and no drug has currently been tested in clinical phase Ⅲ trials.
Lycopene (Ly), a phytochemical belonging to the carotenoid family, is a redcolored pigment, apolar and acyclic carotenoid. Ly exhibits a range of distinct
and unique biological properties owing to its acyclic structure, hydrophobicity
and large array of conjugated double bonds. A recent report showed that the
Mediterranean dietary pattern, which includes proportionally high consumption
of vegetables and fruits with Ly, has notable benefits for NAFLD patients. Thus,
with this background, we aimed to investigate the possible beneﬁcial effects
and the possible action mechanism of Ly on NAFLD in a rat model system.

Research frontiers

No speciﬁc drug has been tested in clinical phase Ⅲ trials for NAFLD to date,
and there are few research studies of the hepatoprotective effects of Ly.

Innovations and breakthroughs

This study represents the first investigation of the effects of Ly as a therapy of
NAFLD, and showed that down-regulated expression of TNF-α and CYP2E1
may be one of the action mechanisms for Ly.

Applications

This study suggests that Ly has a protective effect on NAFLD, which is very
important for the future development of a potent NAFLD drug.
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Terminology

15

Peer-review

16

NAFLD is one of the causes of fatty liver, deﬁned as biopsy-proven hepatic
steatosis. It covers a spectrum of liver diseases, including simple steatosis,
NASH, liver ﬁbrosis, liver cirrhosis and HCC. Recently, many NAFLD drug
research studies have focused on the traditional Chinese medicines.

This is a meaningful study, in which the effects of “lycopene” were examined on
an NAFLD rat model. The results are very important and suggest that Ly exerts
a protective effect on NAFLD through down-regulation of TNF-α and CYP2E1
expression.
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Abstract
AIM
To evaluate outcomes associated with use of a saline
coupled bipolar sealer during open partial liver resection.
METHODS
This retrospective analysis utilized the United States
Premier ™ insurance claims database (2010-2014).
Patients were selected with codes for liver malignancy
and partial hepatectomy or lobectomy. Cases were
defined by use the saline-coupled bipolar sealer;
controls had no use. A Propensity Score algorithm was
used to match one case to five controls. A deviationbased cost modeling (DBCM) approach provided an
estimate of cost-effectiveness.
RESULTS
One hundred and forty-four cases and 720 controls
were available for analysis. Patients in the case cohort
received fewer transfusions vs controls (18.1% vs
29.4%, P = 0.007). In DBCM, more patients in the case
cohort experienced “on-course” hospitalizations (53.5%
vs 41.9%, P = 0.009). The cost calculation showed an
average savings in total hospitalization costs of $1027
for cases vs controls. In multivariate analysis, cases
had lower odds of receiving a transfusion (OR = 0.44,
95%CI: 0.27-0.71, P = 0.0008).
CONCLUSION
Use of a saline-coupled bipolar sealer was associated
with a greater proportion of patients with an “on
course” hospitalization.
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Core tip: This study evaluated outcomes associated with
use of a saline coupled bipolar sealer during open partial
liver resection. Using US Premier insurance claims data,
Cases with use of the saline-coupled bipolar sealer
(SCBS) were propensity-score matched to controls
with no use. A deviation-based cost modeling (DBCM)
approach provided an estimate of cost-effectiveness.
Results demonstrated that use of the SCBS in open
partial liver resection for hepatic malignancy is associated
with reduction in the need for transfusion, and is costeffective in a DBCM analysis. This technology provides
an alternative solution for bleeding control in partial
liver resection compared to traditional methods.
Nichols CI, Vose JG. Use of a saline-coupled bipolar sealer open
liver resection for hepatic malignancy: Medical resource use
and costs. World J Gastroenterol 2016; 22(46): 10189-10197
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10189.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10189

INTRODUCTION
Liver resection remains the only curative treatment
for primary and metastatic liver malignancy. However,
despite advances in surgical technique over the past
two decades, blood transfusions are still required in
a proportion of patients undergoing liver resection
(3.3%-59%), varying by the extent of the procedure
[1-5]
and device combinations used
. Predictors of
transfusion include factors related to the operative
procedure (resection technique, extent of resection,
tumor size, need for other major resections during
the same hospitalization) as well as patient-specific
characteristics (pre-operative hemoglobin and albumin
levels, pre-operative biliary drainage, and diagnosis
of a primary liver tumor, coronary artery disease, or
[6-9]
cirrhosis) .
The most serious complication associated with
transfusion, beyond simple transfusion-related reactions or immunomodulatory effects, is the increased
[6,8-10]
risk of tumor recurrence
. In a meta-analysis of 22
studies evaluating the impact of perioperative allogenic
blood transfusion on long term outcomes following
hepatocellular carcinoma (HCC) resection, authors
found the risk of tumor recurrence was significantly
higher among patients with a transfusion at one (OR =
1.70, 95%CI: 1.38-1.10), three (OR = 1.22, 95%CI:
1.08-1.38), and five years (OR = 1.16, 95%CI:
1.08-1.24) post-resection compared with patients
with no transfusion. This finding was confirmed in a
Cochrane meta-analysis evaluating the risk of cancer
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recurrence following surgery for colorectal cancer
among patients with vs without receipt of a transfu[11]
sion . These studies suggest that transfusion may
result in immunosuppression in the early postoperative period, which could allow for the progression of
[12]
residual carcinoma and influence survival .
Prior research has demonstrated the effects of
surgical technique, peri-operative blood management
protocols, and use of surgical technologies on the
[1-5]
risk of transfusion . Peri-operatively, studies have
examined autologous blood donation, intravenous
iron therapy, and strict transfusion protocols. Intraoperatively, other studies have examined the effects of
clamping the hepatic artery and portal vein (i.e., Pringle’s Maneuver), topical hemostatic agents, and use
of technologies such as the cavitron ultrasonic surgical
aspirator (CUSA), saline-coupled bipolar sealer (SCBS),
argon beam coagulation (ABC), harmonic scalpel,
bipolar scissors, vessel sealers, cell saver systems,
[13]
and hydrodissector . The majority of these studies
examined clinical outcomes alone, with few examining
the total cost of the procedure or incremental costs
associated with complications. Two prior high-quality
cost studies applied a novel methodology, deviationbased cost modeling (DBCM), however the primary
comparison was of open vs laparoscopic approach
rather than specific surgical technologies utilized dur[14,15]
ing the procedure
.
Given that few studies to date summarize total
direct hospitalization costs by choice of surgical technology during hepatic resection, we sought to examine
the resource use and costs by technology choice.
Specifically, in the present study we evaluated the
clinical and economic outcomes associated with the
SCBS during open partial liver resections, using realworld data from a nationally representative US claims
database.

MATERIALS AND METHODS
Data source and patient population

This retrospective database analysis reviewed recent
healthcare insurance claims data from the Premier Perspective™ database (Premier Inc., Charlotte, NC, United
States). Data were analyzed over the period 01/2010
to 06/2014. The database includes information on
patient demographics, diagnosis and procedure codes,
and cost information for over 2000 hospitals and 300
million patient encounters. This database is limited to
the inpatient period, with no ability to track patients
longitudinally in follow-up. The Premier database
allows for tracking of total hospitalization cost information on a per-patient basis. However, the inherent
tradeoff of working with retrospective claims data is
the reliance on ICD-9 diagnosis and procedure codes
to identify liver resections - with the codes providing
no information on the specific number of segments,
lobes, or tissue volume resected. Given this study used
de-identified patient data, it was not subject to Insti-
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Partial liver resection procedure code
n = 7865

No laparoscopic approach or ablation procedure, and no conversion to total
hepatectomy or transplant
n = 5317

Diagnosis of a primary or metastatic hepatic malignancy; with no concurrent
diagnosis of begin liver neoplasm
n = 3238

Age ≥ 18

n = 3178

SCBS use
n = 154

No SCBS use
n = 3024

th

th

Exclude patients with > 99 percentile
total hospitalizations cost
n = 152

Exclude patients with > 99 percentile
total hospitalizations cost
n = 2993

SCBS propensity score matched
(case cohort)
n = 144

No SCBS propensity score matched
(control cohort)
n = 720

Figure 1 Patient selection. SCBS: Saline-coupled bipolar sealer.

tutional Review Board approval. The study dataset and
full study tables are available from the corresponding
author.
Patients aged 18 and older with records that included
International Classification of Diseases (ICD-9-CM) or
Current Procedural Technology (CPT) procedure codes
for liver resection during a hospitalization episode
(50.22 - partial hepatectomy or 50.3x - lobectomy),
accompanied by a diagnosis code for primary malignant neoplasm of the liver (155.0x) or metastatic
neoplasm of the liver (197.7x), were selected. Those
with benign neoplasms (211.5x) were excluded to
reduce the potential confounding effects of different
liver pathology and bleeding risk. Total liver resection
and transplant procedures were excluded. Operations
using ablation procedures or laparoscopic approaches
(as identified by ICD-9-CM codes and key terms in
Premier Chargemaster records) were excluded due to
the high cost of these procedures and to better isolate
the effects of SCBS use. Open SCBS device use was
identified by the hospital Chargemaster file; laparoscopic SCBS models were excluded.
The “case” cohort was defined as any hospitalization episode meeting all inclusion criteria listed above,
where the SCBS was used. The “control” cohort was
defined as cases in which the SCBS was not used.

WJG|www.wjgnet.com

[16]

Similar to prior cost analyses , patients in the top one
percent of total hospitalization cost within each cohort
were excluded from analysis in order to reduce the
effects of extreme outliers (> $87262 among cases
and > $153428 among controls). Figure 1 provides a
summary of patient selection.

Study measures

Study measures included patient demographic, clinical, hospital, and surgeon characteristics, transfusion
procedures and other complications during index
hospitalization, hospital length of stay (LOS) and costs.
Comorbidity status was evaluated with diagnoses
recorded during the one year prior to admission
(baseline period) through the index hospitalization
episode. The Charlson Comorbidity Index (CCI) score,
a composite measure of physical health status commonly used in studies of medical claims and chronic
[17,18]
disease
was calculated for each patient. For this
study, malignancy, metastatic solid tumor, and mild
or moderate liver disease were excluded from the CCI
calculation as these were present for most patients.

Propensity score matching

In order to address selection bias and ensure demographic and hospitalization characteristics were similar
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each class are listed in Table 1. Once deviation groups
were defined, a weighted average mean cost (WAMC)
was calculated by multiplying the percentage of patients
in each category by the mean cost of that category.

Table 1 Definition of deviation mix for deviation-based cost
modeling
Deviation
On course
Minor
deviation
Moderate
deviation
Major
deviation

LOS

Complication group

1

th

≤ 50 percentile

No complication
> 50th percentile
No complication
th
≤ 50
Minor complication, no moderate or major
> 50th percentile Minor complication, no moderate or major
Any LOS
Moderate no major
Any LOS
Major

Data analyses

1

Minor complication: Transfusion, urinary tract infection, hemorrhage/
hematoma, wound disruption, or transfusion complications; Moderate
complication: Deep vein thrombosis, pulmonary embolism, pneumonia,
infection, or bile leak; Major Complication: Acute respiratory failure, acute
kidney injury, or acute liver failure. LOS: Length of stay.

across the case and control cohorts, a propensityscore matching algorithm was applied. Each case was
matched to five controls based on age group, gender,
race, region, primary payor, procedure type, indicating
diagnosis, other comorbid liver-related conditions, CCI,
surgeon specialty, and the proportion of surgeons with
history of at least one liver procedure performed in
the prior year. These matching covariates were chosen
both based on significant differences observed in
unmatched cohorts (P values < 0.05), and on the basis
of clinical and demographic factors that may have
impacted surgeon choice of technology use. Matching
was applied using the nearest neighbor approach, with
a caliper width of 0.10 of the standard deviation of the
logit of the propensity score.

Hospital resource use and deviation-based cost
modeling

Transfusion procedures were identified by ICD-9 (V58.2,
99.00-99.04) or CPT codes (36430, P9010, P9011) or
presence of the term “blood transfusion” in the hospital
Chargemaster file. Topical hemostat use was identified by any mention of “hemostat” or “sealant” in the
Chargemaster file under the “Medical Surgical Supplies”
category.
A DBCM approach was employed to account for
variation in resource use associated with different hospi[14,15,19]
tal LOS categories and severity of complications
.
[15,19]
Vanounou et al
originally developed this approach
in analyses evaluating the economic impact of pancreaticoduodenectomy procedures and a comparison of
laparoscopic vs open liver resection. This methodology
measures the frequency and severity of deviations from
an “expected” postoperative course and calculates the
economic consequences of hospitalizations that do not
follow expected outcomes. The benefits of this approach
are the incorporation of complications, LOS, and costs
into one measure, providing a single outcomes-based
metric that provides more information than simply
[14,15]
clinical or cost data alone
. Data on LOS and complications were combined to create four deviation classes:
on-course, minor, moderate, and severe. Definitions for
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Analyses were performed using the Instant Health
Data Suite (Boston Health Economics, Inc., Boston,
MA) and SAS software (Version 9.2, SAS Institute,
Cary, NC, United States). All costs were inflationadjusted to 2014 USD using the medical care component of the Consumer Price Index. Statistical signi
2
ficance testing was performed with the Chi-square (χ )
test for categorical variables (or Fisher’s Exact with cell
frequencies < 10) and Wilcoxon-Mann-Whitney test for
non-normal continuous variables. Predictors of topical
hemostat use and transfusion, controlling for demographic and clinical characteristics, provider specialty
and experience, and study cohort, were evaluated
using logistic regression analysis.

RESULTS
Demographic and clinical characteristics

Between January 2010 and June 2014, 152 cases and
2993 unmatched controls were available for analysis
after applying all sample selection criteria, with procedures performed at 284 hospitals nationally. Following
application of the propensity score algorithm 144 cases
and 720 controls were available for matched analyses
(Table 2). Post-match, differences between cohorts
were removed, with all clinical characteristics statistically similar.

Inpatient complications

In matched analysis, patients in the case cohort had
lower incidence of transfusions vs the control cohort,
with an absolute risk reduction of 11.3% and relative
risk reduction of 38.7% (18.1% vs 29.4%, P = 0.007).
Additionally, patients in the case cohort had fewer
cases of acute kidney failure occurring during the same
hospitalization episode (3.5% vs 8.8%, P = 0.048).
All other inpatient complications were statistically
similar across cohorts, including infection, urinary tract
infection, acute respiratory failure, pneumonia, deep
vein thrombosis, hemorrhage or hematoma, wound
disruption, and bile leak. One patient (0.694%) in the
case cohort had evidence of bile leak vs eight patients
in the control cohort (1.11%), however this difference
was not significant (P = 1.00). No patients in the case
cohort experienced acute liver failure, pulmonary
embolism, or transfusion-related complications, while
1.8%, 1.0%, and 0.6% of control patients developed
these complications during the inpatient visit (all P >
0.05).
Overall, 25.0% of the case cohort showed evidence
of topical hemostat use during the liver resection
procedure, while 17.2% of the control cohort showed
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Table 2 Patient demographics n (%)
P value

Unmatched
n
Age, mean (SD)
Age group1
18 to 44
45 to 54
55 to 64
65 to 74
75 plus
Race
Black
Caucasian
Hispanic
Other
Region
Midwest
Northeast
South
West
Sex
Female
Payor
Commercial
Medicare
Medicaid
Other

SCBS
152
62 (12.5)

No SCBS
2993
61.58 (12.1)

10 (6.6)
29 (19.1)
44 (28.9)
46 (30.3)
23 (15.1)

262 (8.8)
536 (17.9)
914 (30.5)
862 (28.8)
419 (14.0)

18 (11.8)
83 (54.6)
0 (0)
51 (33.6)

368 (12.3)
1788 (59.7)
41 (1.4)
796 (26.6)

31 (20.4)
52 (34.2)
41 (27.0)
28 (18.4)

304 (10.2)
959 (32.0)
1321 (44.1)
409 (13.7)

71 (46.7)

1315 (43.9)

49 (32.2)
21 (13.8)
73 (48.0)
9 (5.9)

1166 (39.0)
362 (12.1)
1302 (43.5)
163 (5.5)

0.683
0.868

P value

Matched
SCBS
144
61.49 (12.5)

No SCBS
720
62.14 (12.1)

10 (6.9)
28 (19.4)
44 (30.6)
41 (28.5)
21 (14.6)

49 (6.8)
143 (19.9)
198 (27.5)
220 (30.6)
110 (15.3)

18 (12.5)
76 (52.8)
0 (0)
50 (34.7)

87 (12.1)
407 (56.5)
0 (0)
226 (31.4)

26 (18.1)
49 (34.0)
41 (28.5)
28 (19.4)

112 (15.6)
260 (36.1)
206 (28.6)
142 (19.7)

67 (46.5)

308 (42.8)

49 (34.0)
21 (14.6)
65 (45.1)
9 (6.3)

234 (32.5)
111 (15.4)
341 (47.4)
34 (4.7)

0.148

0.692

< 0.001

0.556
0.577

0.568
0.960

0.892

0.461
0.903

Excluding primary malignancy, metastatic solid tumor, mild liver disease, moderate or severe liver disease. P values were calculated with the χ 2 test (or
Fisher’s Exact where cell frequencies < 10), t-test (or Wilcoxon Mann-Whitney test for skewed distributions). SCBS: Saline-coupled bipolar sealer.
1

DBCM analysis

Case cohort matched
Control cohort matched

50.0%

Length of stay was shorter in the case cohort, however
the difference was not statistically significant (7.38
d vs 8.18 d, P = 0.210; Table 3); the median LOS
was six days for each cohort. A greater proportion of
patients in the case cohort had an on-course hospitalization vs the control cohort (53.5% vs 41.9%, P
= 0.013; Table 4). The proportion in other deviation
classes was statistically similar across cohorts. Mean
total hospitalization costs were greater among those
with an on-course hospitalization in the case cohort
vs controls ($18000 vs $16813, P = 0.029); costs in
other deviation classes were not statistically different.
Overall, accounting for the distribution of patients in
each deviation class and mean cost by deviation class,
the WAMC for the case cohort was $25503 vs $26530
for controls. This represents an average savings of
$1027 in the total hospitalization cost per patient when
the SCBS was used.

37.9%

40.0%
29.4%

30.0%

P = 0.108

27.7%

25.0%

P = 0.007

P = 0.009

18.1%

20.0%

15.7%
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Figure 2 Transfusions and topical hemostat use.

evidence of topical hemostat use (P = 0.038). Among
patients with topical hemostat use, the incidence of
transfusions was lower in the case cohort, however the
difference was not statistically significant (25.0% vs
37.9%, P = 0.108), Figure 2. When a topical hemostat
was not used, the case cohort had lower incidence of
transfusion compared to the control cohort (15.7% vs
27.7%, P = 0.009).
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Predictors of topical hemostat use and incidence of
transfusion

In logistic regression analysis of predictors of topical
hemostat use, patients residing in the South were at
greater odds of topical hemostat use compared to
those in the Northeast, while patients with the surgery
performed by a surgical oncologist were at lower odds
of hemostat use compared to general surgeons (Table
5). Patients in the case cohort were at higher odds of
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Table 3 Clinical characteristics n (%)

n
Procedure Type
Partial hepatectomy
Lobectomy
Indicating diagnosis
Primary hepatobiliary malignancy
Metastatic liver neoplasm
Comorbid liver diagnoses
Alcoholic cirrhosis
Non-alcoholic cirrhosis
Hepatitis A
Hepatitis B
Hepatitis C
Charlson score group1
0
1
≥2
Provider specialty
Surgical oncology
General surgery
Other
Surgeon experience
≥ 1 liver procedure in prior year

Unmatched
SCBS
No SCBS
152
2993

P value
SCBS
144

Matched
No SCBS
720

P value

99 (65.1)
53 (34.9)

2061 (68.9)
964 (32.2)

0.308
0.552

98 (68.1)
46 (31.9)

478 (66.4)
251 (34.9)

0.772
0.564

63 (41.5)
89 (58.6)

850 (28.4)
2143 (71.6)

0.001
0.001

56 (38.9)
88 (61.1)

300 (41.7)
420 (58.3)

0.599
0.599

1 (0.66)
23 (15.1)
0 (0)
18 (11.8)
17 (11.2)

33 (1.1)
287 (9.6)
6 (0.2)
193 (6.4)
271 (9.1)

0.908
0.036
1.000
0.015
0.457
0.518

1 (0.69)
20 (13.9)
0 (0)
16 (11.1)
17 (11.8)

4 (0.56)
100 (13.9)
0 (0)
96 (13.3)
71 (9.9)

1.000
1.000
N/A
0.556
0.580
0.704

76 (50)
45 (29.6)
31 (20.4)

1637 (54.7)
816 (27.3)
540 (18.0)

74 (51.4)
43 (29.9)
27 (18.8)

370 (51.4)
196 (27.2)
154 (21.4)

59 (38.8)
79 (52.0)
14 (9.2)

531 (17.7)
1993 (66.6)
469 (15.7)

< 0.001
< 0.001
0.041

56 (38.9)
74 (51.4)
14 (9.7)

285 (39.6)
369 (51.3)
66 (9.2)

0.950
1.000
0.958

125 (82.2)

1991 (66.6)

< 0.001

117 (81.3)

595 (82.6)

0.780

Excluding primary malignancy, metastatic solid tumor, mild liver disease, moderate or severe liver disease. P values were calculated with the χ 2 test (or
Fisher’s Exact where cell frequencies < 10), t-test (or Wilcoxon Mann-Whitney test for skewed distributions). SCBS: Saline-coupled bipolar sealer.
1

topical hemostat use vs controls (OR = 2.56, 95%CI:
1.70-3.86, P < 0.001).
In a regression evaluating predictors of a transfusion during the hospitalization (Table 5), patients
aged 75 or older (vs ages 18 to 44), Black race (vs
Caucasian), and patients residing in the South (vs
Northeast), and patients operated on by an other
surgical specialist (vs general surgeons) were at higher
odds of receiving a transfusion. Patients undergoing
a lobectomy (vs partial hepatectomy) were at higher
odds, as were patients whose diagnosis was a primary
malignancy (vs metastatic). Controlling for topical
hemostat use, patients in the case cohort were at
lower odds of transfusion vs controls (OR = 0.44,
95%CI: 0.27-0.71, P = 0.0008)

DISCUSSION
This retrospective database analysis evaluated the use
of the SCBS in open partial liver resection for hepatic
malignancy. After matching, patients treated with the
SCBS had a lower incidence of transfusions (18.1% vs
29.4%, P = 0.007). Controlling for topical hemostat
use, the reduction of transfusion incidence in univariate
analysis was confirmed in multivariate analysis, with
SCBS use associated with a lower odds of transfusion
vs no use (OR = 0.44, 95%CI: 0.27-0.71). Overall,
DBCM analyses indicated an average cost savings
of $1027 among cases when accounting for the
proportion within each “hospital deviation” class, with
significantly more patients in the SCBS cohort with an
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“on course” hospitalization (defined as no complications and a LOS less than the median). We believe this
study, despite the lack of clinical detail on number of
lobes resected, provides information on “real-world”
practice outside of a controlled prospective study or
randomized controlled trial.
This study adds to a growing body of research
evaluating the safety and efficacy of SCBS in liver
resections. Authors at the University of Pittsburgh
Starzl Transplant Institute performed a single-arm
study evaluating the safety of the SCBS (formerly of
“TissueLink Medical”) in 170 open liver resection proce[20]
dures performed between 2001 and 2004 . Overall,
3.5% of patients were transfused and 2.4% developed
a postoperative bile leak. There were no cases of postoperative hemorrhage, hepatic failure, liver abscess,
or reoperation. The authors concluded the SCBS was
effective in achieving intraoperative hemostasis in
hepatic resection. The observed transfusion rate was
much lower than in our present study, however this is
likely due to comparing outcomes from a single highvolume hospital vs our present study, which includes
data from 284 hospitals.
In a prospective single-arm study in Italy, the
incidence of early surgical complications (including
bleeding, biliary leakage, and abscess development)
following 12 partial hepatectomies with the SCBS was
[21]
evaluated . Mean blood loss was 20 mL (range 5 to
80 mL), with no transfusions and a mean LOS of six
[21]
days . This LOS is similar to the 7.4 d observed in
the case cohort of our study.
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Table 4 Length of stay, deviation mix and weighted average mean cost (propensity-matched cohorts)
Characteristic
Length of stay (LOS), d
mean (SD)
25th percentile
Median
75th percentile
Deviation mix, n (%)
On course
Minor deviation
Moderate deviation
Major deviation
mean (SD) total hospital cost
On course
Minor deviation
Moderate deviation
Major deviation
WAMC total hospitalization cost
WAMC difference

SCBS

No SCBS

P value

7.38 (5.18)
4
6
8

8.18 (7.27)
4
6
8

0.210

77 (53.5)
30 (20.8)
28 (19.4)
9 (6.3)

302 (41.9)
187 (26.0)
150 (20.8)
81 (11.3)

0.013
0.208
0.821
0.074

18000 (5746)
28379 (14863)
36558 (17777)
45717 (19045)
$25503
$1027

16813 (6588)
25452 (11186)
35261 (19390)
49082 (35303)
$26530

0.029
0.454
0.571
0.568

P values were calculated with the Wilcoxon Mann-Whitney test for LOS and total hospitalization cost; and the χ 2 test for hospital deviation mix classes.
SCBS: Saline-coupled bipolar sealer; WAMC: Weighted average mean cost.

Table 5 Logistic regressions of predictors of topical hemostat use and transfusion
Parameter

Predictors of topical hemostat use

Age group (vs 18 to 44)
75 plus
Race (vs caucasian)
Black
United States geographic region (vs northeast)
South
Partial hepatectomy (vs lobectomy)
Primary malignancy (vs metastatic)
Provider specialty (vs general surgery)
Surgical oncology
Other specialty
Case cohort (vs matched controls)
Topical hemostat use

Predictors of transfusion

Odds ratio

95%CI

P value

Odds ratio

95%CI

P value

1.03

0.50-2.12

0.421

4.55

1.95-10.59

< 0.0001

1.21

0.75-1.97

0.275

1.97

1.21-3.19

0.017

3.67
1.25
0.80

2.38-5.65
0.91-1.73
0.53-1.20

0.0004
0.175
0.281

1.87
1.62
1.54

1.19-2.96
1.16-2.27
1.00-2.38

0.001
0.005
0.050

0.30
0.68
2.56
N/A

0.20-0.46
0.40-1.16
1.70-3.86
N/A

< 0.0001
0.402
< 0.0001
N/A

0.65
1.48
0.44
1.87

0.42-1.01
0.85-2.57
0.27-0.71
1.33-2.64

0.005
0.023
0.0008
0.0004

Only covariates that were significant in at least on model (P < 0.05) are listed here. Full model covariates included: age group, sex, race, geographic region,
resection type, malignancy type, diagnosis of non-alcoholic cirrhosis, hepatitis b, or hepatitis C, provider specialty, study cohort, and topical hemostat use.

Lastly, two studies have examined the combined
use of the SCBS and CUSA. In the largest study of
SCBS use in liver resection to date, authors at four
hepatopancreaticobiliary units in Europe evaluated
the safety and efficacy of combined use of SCBS plus
CUSA during 114 minor and 199 major hepatectomies.
Authors reported a transfusion rate of 10.5% and two
postoperative deaths (0.6%), concluding the combined
[9]
method is associated with decreased blood loss . A
similar Japanese study also evaluated the combined
use of CUSA and SCBS (n = 55) vs CUSA with tradi[22]
tional bipolar electrosurgery (n = 54) . The SCBS
and CUSA cohort demonstrated significantly lower total
blood loss (677 mL vs 1076 mL, P = 0.0486), shorter
transection time (81 min vs 115 min, P = 0.0025) and
fewer ties required (13.1 vs 22.8, P < 0.001) vs the
[22]
traditional electrosurgery and CUSA cohort . While
the combined use of SCBS and CUSA is evaluated in
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these studies, other device combinations or techniques
may provide equivalent outcomes at lower cost. This is
an area for future research.
Although it was observed in the present study that
a greater proportion of the case cohort had concurrent
use of topical hemostats during the procedure (25.0%
vs 17.2%, P = 0.038), it appears hemostat use was
reserved for the most severe cases. We infer this due
to the incidence of transfusion being greater in both
univariate and multivariate analyses among those with
topical hemostat use vs no use, regardless of SCBS.
However, there is likely an unmeasured confounder
that is not readily observed in insurance claims data
that may have influenced surgeon selection of both
the SCBS and a hemostat. Nonetheless, incidence of
transfusion remained numerically lower in the case
cohort vs controls both when topical hemostats were
used during the procedure and when they were not.
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Limitations of this study center on the lack of
detailed clinical detail in the insurance claims dataset
used for analysis, which included only diagnosis and
procedure codes, and items listed in the hospital
Chargemaster. Therefore, we could not evaluate
the number of liver segments resected, the relative
complexity of the procedure, pre- and post-operative
hemoglobin levels, the Hg level triggering a transfusion, or number of units of blood transfused. Also, as
noted, specific line-item costs for blood were not available for approximately two-thirds of patients. However,
blood costs were captured in the next level roll-up of
cost reporting under OR costs. During patient selection
we did not attempt to query the Chargemaster file to
evaluate concurrent devices used with the SCBS, as
the only comparison in this study was at the highest
level of use vs no use. Given the array of device choices during hepatic resection, and the variance of names
listed in the Chargemaster file, we did not attempt to
compare concurrent device use. Future studies may
address the question of device synergy in influencing
clinical outcomes (e.g., SCBS plus CUSA). Finally, while
we observed a reduction in the incidence of transfusion
associated with use of SCBS in the present study, the
SCBS is not designed to provide hemostasis in the
event of bleeding from large vessels - thus additional
technology or techniques to control bleeding that cannot be accounted for may have been present.
This retrospective database analysis demonstrated
that use of the SCBS in open partial liver resection for
hepatic malignancy is associated with reduction in the
need for transfusion, and is cost-effective in a deviation-based cost modeling analysis. This technology
provides an alternative solution for bleeding control in
partial liver resection compared to traditional methods.

Innovations and breakthroughs

This retrospective database analysis evaluated the use of a saline-coupled
bipolar sealer (SCBS) in open partial liver resection for hepatic malignancy.
After matching, patients treated with the SCBS had a lower incidence of
transfusions (18.1% vs 29.4%, P = 0.007). Controlling for topical hemostat use,
the reduction of transfusion incidence was confirmed in multivariate analysis,
with SCBS use associated with a lower odds of transfusion (OR = 0.44, 95%CI:
0.27-0.71). Overall, DBCM cost analyses indicated an average cost savings
of $1027 among cases when accounting for the proportion falling into each
“hospital deviation” class, with significantly more patients in the SCBS cohort
with an “on course” hospitalization (defined as no complications and a length of
stay less than the median).

Applications

This analysis demonstrated that use of the SCBS in open partial liver resection
for hepatic malignancy is associated with reduction in the need for transfusion,
and is cost-effective in a deviation-based cost modeling analysis. This
technology provides an alternative solution for bleeding control in partial liver
resection compared to traditional electrosurgical methods.

Terminology

A DBCM approach was employed in this study. This methodology measures the
frequency and severity of deviations from an “expected” postoperative course
and calculates the economic consequences of hospitalizations that do not
follow expected outcomes. The benefits of this approach are the incorporation
of complications, length of stay, and costs into one measure, providing a single
outcomes-based metric that provides more information than simply clinical or
cost data alone.

Peer-review

This is an interesting paper and well written. The current results will be
great helpful to the surgical fields when evaluating the benefits and costs of
alternative blood-management technologies during liver resection.
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Abstract
AIM
To evaluate the prevalence of nodular lymphoid hyper
plasia (NLH) in adult patients undergoing colonoscopy
and its association with known diseases.
METHODS
We selected all cases showing NLH at colonoscopy
in a three-year timeframe, and stratified them into
symptomatic patients with irritable bowel syndrome
(IBS)-type symptoms or suspected inflammatory
bowel disease (IBD), and asymptomatic individuals
undergoing endoscopy for colorectal cancer screening.
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Data collection included medical history and final
diagnosis. As controls, we considered all colonoscopies
performed for the aforementioned indications during
the same period.
RESULTS
One thousand and one hundred fifty colonoscopies
were selected. NLH was rare in asymptomatic in
dividuals (only 3%), while it was significantly more
prevalent in symptomatic cases (32%). Among organic
conditions associated with NLH, the most frequent was
IBD, followed by infections and diverticular disease.
Interestingly, 31% of IBS patients presented diffuse
colonic NLH. NLH cases shared some distinctive clinical
features among IBS patients: they were younger, more
often female, and had a higher frequency of abdominal
pain, bloating, diarrhoea, unspecific inflammation,
self-reported lactose intolerance and metal contact
dermatitis.
CONCLUSION
About 1/3 of patients with IBS-type symptoms or
suspected IBD presented diffuse colonic NLH, which
could be a marker of low-grade inflammation in a con
spicuous subset of IBS patients.
Key words: Inflammatory bowel diseases; Functional
gastrointestinal diseases; Irritable bowel syndrome;
Colonoscopy; Inflammation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study sheds light on colonic nodular
lymphoid hyperplasia (NLH) in terms of prevalence,
gender-distribution and association with known
diseases. Our most relevant result is the identification
of NLH as a putative marker of low-grade inflammation
in a conspicuous subset of irritable bowel syndrome
(IBS) cases. Further studies are required to understand
the etiopathogenetic mechanisms underlying NLH in
IBS, its association with metal contact allergies and its
clinical implications.
Piscaglia AC, Laterza L, Cesario V, Gerardi V, Landi R, Lopetuso
LR, Calò G, Fabbretti G, Brisigotti M, Stefanelli ML, Gasbarrini
A. Nodular lymphoid hyperplasia: A marker of low-grade
inflammation in irritable bowel syndrome? World J Gastroenterol
2016; 22(46): 10198-10209 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i46/10198.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i46.10198

INTRODUCTION
Colonoscopy allows direct visualization of the mucosa
of the lower gastrointestinal tract and it is a useful
tool to investigate symptoms of lower bowel diseases.
However, there are conditions in which symptomatic
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patients might have a normal colon appearance on
colonoscopy, although their intestinal mucosa shows
signs of microscopic inflammation at histological
[1]
examination . In the last years, the introduction of
advanced imaging techniques has ameliorated the
characterization of mucosal lesions and has permitted
to detect minimal mucosal changes that might be
[2]
missed with standard white-light (WL) colonoscopy .
Among such techniques, narrow band imaging (NBI)
uses optical filters in front of the light source, to
narrow the wavelength of the projected light, to enable
visualization of micro-vessel morphological changes
and to enhance the visibility of both neoplastic and
[3,4]
inflammatory mucosal lesions .
In our daily practice, we have noted that some
patients undergoing colonoscopy showed multiple
slightly raised whitish areas, usually < 5 mm in dia
meter, closely spaced, difficult to see at WL endoscopy
and easier to recognize with NBI. When biopsied,
these areas always corresponded to clusters of ≤ 10
lymphoid nodules, composed of hyperplastic benign
lymphoid tissue, named “nodular lymphoid hyperplasia”
[5-9]
(NLH) . Sometimes NLH had a reddish outline, the socalled “red ring sign” (RRS), due to hypervascularization
at the base of the follicles, associated with granulocyte
[6]
infiltrate .
Little is known about the epidemiology, patho
genesis, and clinical implications of NLH. NLH is
commonly seen in the terminal ileum and colon during
paediatric endoscopies, and it has been classically
[10]
considered a paraphysiologic phenomenon in children .
However, there have been reports of NLH in children
associated with refractory constipation, viral infection,
juvenile idiopathic arthritis, connective tissue disease,
immunodeficiency, cow’s milk protein hypersensitivity,
familial mediterranean fever, and the so-called “autistic
[9,11-18]
enterocolitis”
.
In adults, NLH can be asymptomatic, or more
rarely presents with gastrointestinal symptoms, like
[18]
abdominal pain, chronic diarrhoea, and bleeding .
[19,20]
NLH can mimic familial polyposis
and it has been
reported in association with inflammatory bowel disease
(IBD), celiac disease (CeD), lymphoma, dysgamma
globulinemia, Ehlers-Danlos syndrome, diversion colitis
[21-28]
and food allergies
.
[29]
Adult NLH is considered a rare finding . Published
literature includes case reports and small series of
patients; whether this relates to endoscopy under
reporting or to the true rarity of the condition is
[30]
unclear . Indeed, NLH frequency in adults might be
largely underestimated because it is hard to recognize
[31]
at WL endoscopy. Kagueyama et al , demonstrated
that 39% of adult patients with chronic diarrhoea
and a normal colonoscopy had NLH at histological
examination of serial biopsies taken from the termi
nal ileum, ascending colon and rectum. In 2010,
[6]
Krauss et al evaluated the significance of lymphoid
hyperplasia in the lower gastrointestinal tract in a cohort
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of consecutive adult patients and concluded that the
presence of colonic NLH is not rare and it may represent
a mucosal response to antigenic stimulation, like
allergens or pathogens.
Most of the NLH cases that we have found in our
daily practice, underwent colonoscopy for irritable bowel
syndrome (IBS)-type symptoms, or suspected IBD,
while a minority of them was asymptomatic. Based on
this clinical observation, the aim of the present study is
to evaluate the prevalence of NLH in adults undergoing
colonoscopy in San Marino Republic, and its association
with known diseases.

MATERIALS AND METHODS
Patients

We evaluated all colonoscopies performed by a single
endoscopist (ACP) from January 2012 to January
2015, at the Endoscopy Unit of the State Hospital of
San Marino Republic.
We selected all cases showing lesions compatible
with NLH, for which biopsies from multiple sites (ileum,
ascending, transverse, sigmoid colon, and rectum)
were taken. NLH cases were divided into two groups:
asymptomatic subjects (a-NLH), who underwent
colonoscopy for colorectal cancer screening or family
history of colorectal cancer; and symptomatic patients
(s-NLH), in which colonoscopy was prescribed for IBStype symptoms (abdominal pain and/or altered bowel
habits in the absence of alarm signs or symptoms) or
suspected IBD [abdominal pain and/or altered bowel
habits with haematochezia and/or weight loss and/or
positive family history of IBD and/or fever and/or
increased faecal calprotectin and/or C-reactive protein,
and/or anaemia]. Symptomatic patients were further
divided according to their final diagnosis into organic
and functional bowel disorders; the latter subset
was stratified into IBS [with prevalent diarrhoea
(IBS-D), or constipation (IBS-C), or mixed bowel habit
(IBS-M)], chronic functional diarrhoea and chronic
[32]
constipation .
In order to measure the prevalence of NLH in
asymptomatic subjects and symptomatic patients, we
considered all colonoscopies performed by the same
endoscopist for the same clinical indications (colorectal
cancer screening, IBS-type symptoms, suspected
IBD), in the same timeframe (January 2012 to January
2015).
In case of repeated colonoscopies on the same
patient, only the first examination was included in
the analysis. Other exclusion criteria were incomplete
exam, poor bowel preparation, patient’s age < 18 or
> 75 years, history of colon surgery, prior diagnosis of
colorectal cancer, IBD, or CeD.
The study protocol was approved by the local Ethical
Committee and conformed to the ethical guidelines of
the Declaration of Helsinki (2013).
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Data collection: Endoscopy, histology, clinical
characteristics and inflammation biomarkers

All colonoscopies were performed under deep sedation
with Midazolam and Propofol, with anaesthesiologist’s
assistance. For bowel preparation, all patients received
low-volume polyethylenglycol-based medication (Lovol
®
Esse ). NLH was macroscopically evaluated using
Olympus endoscopes CF-HQ190 (for EVIS EXERA III
Video System Center CV-190) or CF-Q180A (for EXERA
II Video System Center CV-180), in white light and NBI.
Biopsies were fixed in formalin and embedded in
paraffin. Four-µm tissue sections were stained with
haematoxylin and eosin and evaluated by two expert
pathologists (Fabbretti G, Brisigotti M). Each tissue
section was observed on light microscopy using × 20
objective lenses and × 10 eyepiece.
We reviewed patients’ charts to investigate about
bowel habits, self-reported lactose intolerance, metal
contact dermatitis, histological confirmation of NLH
and final diagnosis.

Statistical analysis

Data were collected in an Excel database. Summary
statistics were calculated for each outcome of interest.
Continuous data were summarized with mean and
standard deviation, while categorical data were
summarized with frequency distributions. We used
2
t-test and χ test to compare patients’ subgroups. A P
value < 0.05 was considered statistically significant.
Data analysis was generated using Microsoft Excel
software (Microsoft Corporation, Redmond, WA, United
States) and Real Statistics Resource Pack software
(Release 3.5; Copyright 2013-2015 Charles Zaiontz;
www.real-statistics.com).

RESULTS
Figure 1 summarizes the study design. 2226 colono
scopies were assessed for eligibility. Of those, 1076
met the exclusion criteria and were ruled out. NLH
was observed in 124 of the 1150 cases under analysis
(global NLH prevalence about 10%). Of note, NLH was
found in 101 of 315 symptomatic patients (32%) and
in only 23 of 835 asymptomatic subjects (3%).

Symptomatic patients

The main symptomatic patients’ characteristics are
summarized in Table 1. Collectively, out of 315 sym
ptomatic patients, 110 were diagnosed with organic
disorders (35%), whereas the remaining 65% had
functional disease. NLH was found in 32% of symp
tomatic patients and it was always histologically
confirmed (Figure 2). NLH was equally distributed
among organic (34%) and functional (31%) conditions.

Symptomatic patients with NLH

In most symptomatic patients with NLH (s-NLH) cases,
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2226 Colonoscopies were assessed for eligibility
Exclusion criteria: incomplete exam
repeated exam, poor bowel
preparation, previous colon surgery,
colorectal cancer, IBD, CeD
1150 patients were included in
the analysis

NLH cases: 124

Symptomatic
(s-NLH): 101

non-NLH cases: 1026

Asymptomatic
(a-NLH): 23

Asymptomatic
(a-NLH): 812

Symptomatic
(s-no-NLH): 214

Figure 1 Study design. NLH: Nodular lymphoid hyperplasia; s-no-NLH: Symptomatic patients without NLH; a-NLH: Asymptomatic subjects; s-NLH: Patients with
nodular lymphoid hyperplasia; IBD: Inflammatory bowel disease; CeD: Celiac disease.

A

B

C

D

E

F

H

G

Figure 2 Endoscopic and histological features of nodular lymphoid hyperplasia. A-F: Three typical cases of nodular lymphoid hyperplasia (NLH), as observed
at white light (WL) standard endoscopy (A-C) and narrow band imaging (NBI) endoscopy (D-F), respectively. NLH appear as slightly raised whitish areas, usually <
5 mm in diameter, closely spaced, difficult to recognize at WL, and easier to observe by NBI; G and H: Show the histological appearance of NLH (hematoxylin-eosin
staining), as clusters of ≤ 10 lymphoid nodules, composed of hyperplastic benign lymphoid tissue.
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53 ± 12

68%
83%
37%
26%
36%
34%
45%
40%
28%
6%
28%

41 ± 14

85%
91%
72%
65%
17%
18%
24%
23%
45%
74%
63%

F
40 ± 13
92%
91%
78%
63%
19%
19%
23%
18%
39%
66%
38%

p (s-NLH vs s-no-NLH)
< 0.051
NS2
NS2
< 0.052
< 0.052
< 0.052
NS2
< 0.052
NS2
NS2
< 0.052
< 0.052

All patients

s-no-NLH

s-NLH

73%
92%
63%
70%
14%
16%
24%
32%
54%
77%
77%

42 ± 16

O

< 0.052
NS2
NS2
NS2
NS2
NS2
NS2
NS2
< 0.052
NS2
< 0.052

NS1

p (F vs O)

70%
80%
30%
26%
38%
37%
42%
41%
16%
7%
26%

49 ± 12

F

s-no-NLH

64%
89%
49%
26%
34%
27%
52%
37%
49%
5%
32%

60 ± 10

O

NS2
NS2
< 0.052
NS2
NS2
NS2
NS2
NS2
< 0.052
NS2
NS2

< 0.051

p (F vs O)

< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052
< 0.052

< 0.051

F

NS2
NS2
NS2
< 0.052
< 0.052
NS2
< 0.052
NS2
NS2
< 0.052
< 0.052

< 0.051

O

p (s-NLH vs s-no-NLH)
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Symptomatic patients who underwent colonoscopy and did not show NLH [symptomatic patients without NLH (s-no-NLH)] were 214. Many of them complained of altered
bowel habits (mostly constipation or mixed), and abdominal pain; 40% also reported haematochezia. In 28% of cases, colonoscopy revealed macroscopic inflammation

Symptomatic patients without NLH

NLH was present in all colonic segments (94%); 21% of patients also showed NLH in the terminal ileum; NLH was observed in the right or left colon alone in 1% and 5%
of cases, respectively.
As for clinical presentation, all s-NLH patients complained of altered bowel habits, mainly chronic diarrhoea; most cases also reported abdominal pain and bloating;
23% had haematochezia. In 39% of patients, colonoscopy revealed concomitant macroscopic inflammation (RRS, diffuse hyperaemia, erosions, and ulcers); in 69% of
cases, the inflammation was patchy and confined to the left colon and/or rectum; a patchy right-sided colitis was observed in 5% of s-NLH patients; in 8% of cases, the
inflammation involved the terminal ileum. Colon polyps were found and removed in 21% of s-NLH patients.
A history of delayed hypersensitivity reactions and in particular of metal contact dermatitis was self-reported by 74% of s-NLH patients, but only a minority of them
(9%) had a previous patch test-based diagnosis of nickel (Ni) allergy. Moreover, 63% of patients with NLH self-reported lactose intolerance.
The final diagnosis for s-NLH was of organic disease in 37% of cases and of functional disorder for the remaining 63% (Figure 3). In particular, among patients
with organic disorders, we found 16 cases of IBD - 8 ulcerative colitis (UC) and 8 Crohn’s disease (CD); 9 parasitic or bacterial infections; 7 diverticular diseases; 1
microscopic colitis; 1 colorectal cancer, 1 CeD and 1 ischemic colitis. Ninety-one percent of patients with functional disorders fulfilled Rome III criteria for IBS, mainly
IBS-D. Noteworthy, most of NLH patients with IBD and almost 20% of patients with IBS showed NLH with RRS (Figure 4).
Statistically significant differences between organic and functional conditions associated with s-NLH were found for sex (more women in the functional subset)
and self-reported lactose intolerance (more common in organic disorders). On the contrary, there were no statistically significant differences in frequency of bowel
habit alterations and metal contact dermatitis between organic and functional s-NLH patients. Also, we did not found a statistically significant correlation between NLH
distribution and clinical symptoms (data not shown).

Patients were divided into two main groups: s-NLH (with nodular lymphoid hyperplasia, 1st column) and no-NLH (without nodular lymphoid hyperplasia, 2nd column). Each group was further stratified into functional disease
(F, 4th and 7th column respectively) and organic disorder (O, 5th and 8th column respectively). P values obtained by means of t-test (1) or χ 2 test (2) between the various patients’ subsets are indicated in columns 3, 6, 9, 10 and 11. NS:
Non significant.

Average years of age
(mean ± SD)
Female sex
Abdominal pain
Bloating
Diarrhoea
Constipation
Mixed bowel habits
Polyps
Haematochezia
Inflammation
Metal contact dermatitis
Lactose intolerance

s-NLH

Table 1 Symptomatic patients’ characteristics
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IBD

43%

Infectious colitis
Diverticular disease

IBS-M
21%

24%
19%

IBS-C
15%

0%
10
%
20
%
30
%
40
%
50
%

Other 12%

IBS-D
64%

Chronic functional
diarrhoea
3%

Organic
disorders
37%

IBS
57%

Chronic constipation
3%

Figure 3 Final diagnosis for symptomatic patients with nodular lymphoid hyperplasia. Patients with nodular lymphoid hyperplasia (s-NLH) patients were
divided into organic and functional bowel disorders; the latter subset was further stratified into IBS with prevalent diarrhoea (IBS-D), or constipation (IBS-C), or mixed
bowel habit (IBS-M), chronic functional diarrhoea, and chronic constipation, according to the Roma III criteria. Among organic conditions associated with NLH, the
most frequent was IBD, followed by infections and diverticular disease. IBS: Irritable bowel syndrome; IBD: Inflammatory bowel disease.

A

B

C

D

Figure 4 Endoscopic features of nodular lymphoid hyperplasia with red ring sign, due to hypervascularization at the base of the follicles, associated with
granulocyte infiltrate. A and B: A typical case of nodular lymphoid hyperplasia (NLH) with red ring sign (RRS) and diffuse macroscopic inflammation, in white light (WL)
and narrow band imaging (NBI), respectively: RRS appears as a red (WL) or brown (NBI) outline surrounding NLH foci; C and D: A particular of two NLH foci with
RRS, in WL and NBI, respectively (black and white arrows).

(hyperaemia, erosions and ulcers) and biopsies
were taken; none of the samples exhibited NLH at
histological examination. Colon polyps were found and
removed in 45% of s-no-NLH patients.
Regarding the final diagnosis, 34% of s-no-NLH
patients were affected by organic diseases, while the
remaining 66% had a functional condition (Figure 5).
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In particular, among patients with organic disorders,
we found 5 cases of IBD (1 UC and 4 CD); 2 infectious
colitis; 55 diverticular diseases; 12 abdominal
adhesions; 3 colorectal cancers. Among patients with
functional disorders, 80% fulfilled Rome III criteria
for IBS, mostly IBS-C or IBS-M. No differences were
found in terms of distribution of self-reported lactose
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Diverticular disease

70%

Abdominal adhesions

Chronic functional
diarrhoea
6%

%
80

%
60

%

3%

40

0%

Parasitic infection

IBS-C
34%

4%

%

Colon cancer

IBS-M
46%

7%

20

IBD

IBS-D
20%

16%

Organic
disorders
34%

IBS
53%

Chronic constipation
7%

Figure 5 Final diagnosis for symptomatic patients without nodular lymphoid hyperplasia. IBS: Irritable bowel syndrome; IBS-M: IBS mixed bowel habit; IBS-C:
IBS with prevalent constipation; IBS-D: IBS with prevalent diarrhoea; IBD: Inflammatory bowel disease.

Table 2 Final diagnosis in symptomatic patients with organic
disorders
Organic disorders
Diverticular disease
Colon cancer
Infections
IBD
Abdominal adhesions
Others

s-no-NLH

s-NLH

P value

70%
4%
3%
7%
16%
0%

19%
3%
24%
43%
0%
12%

< 0.05
NS
< 0.05
< 0.05
< 0.05
< 0.05

No-NLH: Patients without evidence of nodular lymphoid hyperplasia;
NLH: Patients with evidence of nodular lymphoid hyperplasia; IBD:
Inflammatory bowel disease; NS: Not significant. The last column enlists
the P value obtained from the comparison between no-NLH and NLH
cases, by means of t-test.

intolerance and contact dermatitis between s-noNLH patients with organic and functional conditions.
Noteworthy, we found a statistically significant di
fference in mean age, being patients with organic
disorders older than those with functional conditions.
On the contrary, no difference for sex distribution
was noted between the two subsets. Patients with
functional disorders showed less frequently bloating
and macroscopic inflammation at endoscopy.

Comparison between symptomatic patients with and
without NLH

Patients with NLH were significantly younger, had
more often diarrhoea and bloating and less frequently
constipation and colonic polyps vs patients without
NLH. Moreover, NLH patients reported more frequently
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metal contact dermatitis and lactose intolerance vs
patients without NLH, regardless the final diagnosis
of functional or organic disorders. Stratifying all sym
ptomatic subjects according to the final diagnosis,
among those diagnosed with functional conditions,
patients showing NLH were younger, more often
female, and had a higher frequency of abdominal
pain, bloating, diarrhoea, inflammation, metal contact
dermatitis and self-reported lactose intolerance; on
the contrary, they showed less frequently constipation,
haematochezia, mixed bowel habits and colon polyps,
compared with patients without NLH. Among patients
with organic diseases, those showing NLH were also
significantly younger, had more often diarrhoea, contact
dermatitis and lactose intolerance, less frequently
constipation and fewer polyps. No differences were
noted for sex, abdominal pain, bloating, endoscopic
signs of inflammation or haematochezia. Finally, NLH
patients with organic conditions were more often
diagnosed with IBD and infections, while those without
NLH had a higher frequency of diverticular disease and
abdominal adhesions; no differences were noted for
colorectal cancer frequency (Table 2). We did not found
a statistically significant difference in terms of clinical
or endoscopic disease activity between IBD patients
with or without NLH.

Asymptomatic subjects

Among the 835 individuals who underwent colonoscopy
for colorectal cancer screening, 23 had NLH. Thus,
the prevalence of NLH in asymptomatic adults was
significantly lower compared to the frequency of NLH
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in symptomatic patients (3% vs 32%, P < 0.05).
Most a-NLH patients were female (78%), with a
mean age of 57 ± 9 years. NLH was mainly diffuse in
all colonic segments (87%) and only 1 case showed
involvement of the terminal ileum. Polyps were detected
and removed in 48% of patients. A mild asymptomatic
diverticular disease was observed in 35% of cases;
in only 2 patients with diverticula we noted signs of
macroscopic inflammation. Metal contact dermatitis
was reported by 44% of a-NLH. One of the cases
complained of lactose intolerance. Comparing the
a-NLH group with the remaining 812 asymptomatic
individuals who underwent screening colonoscopy
and did not show NLH (a-no-NLH), the latter ones
were older (mean age 61 ± 9 years, P < 0.05),
more frequently male (female 43%, P < 0.05) and
had a statistically significant lower prevalence of selfreported contact dermatitis (5%, P < 0.05). The polyp
detection rate did not significantly differ between the
two groups (48% vs 64%, P > 0.05).

DISCUSSION
The present study assessed the frequency and gender
distribution of colonic NLH, observed at WL and NBI
endoscopy and histologically confirmed, in adults
undergoing colonoscopy in a three-year period. The
association between NLH and known diseases was also
investigated.
The global prevalence of NLH was 10%. NLH was
rare in asymptomatic subjects (3%). In particular, NLH
was found mostly in asymptomatic women, who were
younger than the relative control population and more
often reported metal contact dermatitis. Conversely,
NLH was a frequent finding in symptomatic patients,
undergoing colonoscopy for IBS-type symptoms or
suspected IBD (32%). Also among the symptomatic
patients’ group, NLH was more frequent in young
women, who often complained of metal contact allergies
and lactose intolerance. As for clinical presentation,
diarrhoea and bloating were more common, while
constipation was rarer in NLH vs no-NLH patients.
Diverticular disease and abdominal adhesions were
more frequent in no-NLH cases, while NLH patients
more often suffered from IBD or colonic infections and
had fewer polyps, likely because of the younger age at
presentation.
Overall, our results demonstrate that NLH of the
lower gastrointestinal tract is a common endoscopic
finding in symptomatic patients, in whom it might
reflect a state of enhanced immunological activity.
Indeed, it has been postulated that lymphoid hyper
plasia results from a chronic activation of the gut
immune system by antigenic triggers (i.e., allergens,
pathogens, toxins), that lead to repetitive stimulation
and eventual hyperplasia of lymphoid follicles. NLH
might also develop in conditions of deregulation of the
[17]
immune system, like in autoimmune diseases
or in
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[18]

immunodeficient subjects .
The association between food allergies and NLH
[12,33,34]
has been already documented
. Conversely, to
the best of our knowledge, there are no published
data on the relationship between NLH and allergic
contact allergy. Metal allergens, notably Ni, account
[35]
for a significant proportion of contact sensitization .
It has been reported that about 15% of women and
2%-3% of men living in industrialized countries are Ni
sensitive and may develop allergic contact dermatitis
(ACD), a T cell-mediated inflammatory process of the
skin induced by cutaneous absorption of an allergen
in a previously sensitized individual. This gender
difference is due to different rates of exposure of skin
(from jewellery, leathers, etc.) to this substance. About
20%-30% of ACD patients also experiences systemic
(headache, asthenia, itching), and gastrointestinal
(bloating, abdominal pain, diarrhoea) symptoms
after eating Ni-rich foods. This condition is known
as “Systemic Contact Dermatitis” or “Systemic Ni
[36]
[37]
Allergy Syndrome” (SNAS) . Di Gioacchino et al ,
demonstrated that oral challenge with Ni, in women
with SNAS, stimulates the immune system, inducing a
maturation of T lymphocytes from virgin into memory
cells, which accumulate in the intestinal mucosa. An
increased frequency of delayed type hypersensitivity to
metals has been reported in patients with connective
tissue disease and fibromyalgia and it has been
speculated that metal-specific T cell reactivity might
be an etiological factor in the development of chronic
[38,39]
immune-mediated disorders
. Noteworthy, Cazzato
[40]
et al
demonstrated a higher prevalence of lactose
intolerance in patients affected by SNAS vs controls
(74.7% vs 6.6%, respectively); the authors argued
that the Ni-induced pro-inflammatory status could
temporary impair the brush border enzymatic functions,
resulting in hypolactasia.
In our study, we observed a very high frequency
of self-reported lactose intolerance and metal contact
dermatitis in NLH patients. We can suppose that metal
allergens might play a pivotal role in the development
of lymphoid hyperplasia and hypolactasia. This could
also account for the higher observed prevalence of
NLH in women, given the increased frequency of Nisensitivity in female vs male sex.
Another interesting result of our study is the
association between NLH and IBD. It is well known
that IBD are characterised by an abnormal immuno
logical response to environmental antigens, especially
the enteric bacterial flora, in genetically susceptible
individuals. Lymphoid follicles represent the main
portal of entry for potential pathogens, and it has
been suggested that aphthous ulceration in CD and
UC originates in follicle-associated epithelium over the
[6]
lymphoid follicles. In 2010, Krauss et al , compared
the morphology of lymphoid follicles in CD, UC and
control patients, in correlation to histological and
immunohistochemical findings. In 15 out of 17 patients
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IBS

Ni-allergy

MLC

IBD

Other factors
(i.e. , infections,
hypersensitivity reactions,
chronic constipation)

Figure 6 Colonic nodular lymphoid hyperplasia in symptomatic patients
constitutes a “minimal lesions colitis” that might be triggered by
Nickel or other factors (such as immunodeficiency states, infections,
hypersensitivity reactions, chronic constipation). We speculate that minimal
lesions colitis (MLC) could represent a distinct pathologic entity in a subset
of irritable bowel syndrome (IBS) and systemic Ni allergy syndrome (SNAS)
patients, and it might prelude to the development of inflammatory bowel disease
(IBD).

with the first manifestation of CD, they documented
NLH with RRS. In some NLH with RRS early aphthous
ulcers were seen. The authors concluded that lymphoid
follicles with RRS probably represent an early sign of
aphthous ulcers in CD and, thus, may be considered as
early markers of first manifestation and flares in CD.
In our study, 43% of s-NLH were diagnosed as
affected from IBD. Interestingly, in most cases of IBD,
NLH was associated with RRS.
Finally, we observed for the first time an asso
[41]
ciation between NLH and IBS . Even if multiple
advances have been made in the knowledge of IBS
pathogenesis, its aetiology remains unknown. Probably,
IBS is an “umbrella term”, which includes multiple
conditions with common gastrointestinal symptoms,
but different etiopathogenesis. Among the putative
factors involved in the development of IBS, low-grade
inflammation has raised growing interest in the last
years. Indeed, IBS is more common in gastrointestinal
diseases characterized by inflammation, such as
[42-44]
CeD, IBD or after severe acute gastroenteritis
.
Mucosal and systemic immune activation has been
widely documented in patients with IBS, even in the
[45]
absence of a previous major gastroenteritis event .
Mucosal inflammation is linked to increased mucosal
permeability, enterochromaffin cell hyperplasia and
higher tissue availability of serotonin, a key factor
[46-48]
involved in the control of gut sensorimotor functions
.
Furthermore, the possible link between low-grade
inflammation and IBS has been suggested by the
observation that adoptive transfer of mucosal biopsy
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supernatants evoked activation of sensory pain
[49,50]
pathways
and abnormal enteric nervous system
[51]
responses in recipient rodents . Interestingly, these
responses were reduced to a large extent by anta
[49-52]
gonism of immune-related factors
. The origin of
low-grade inflammation in patients with IBS remains
undetermined, but it is likely to be multifactorial, in
[53,54]
[55]
[56]
volving genetic predisposition
, stress , atopy ,
[57]
abnormal intestinal microbiota , and higher mucosal
[46]
permeability . These data confirm the heterogeneity
of IBS patients and point toward the necessity to find
an objective biomarker of low-grade inflammation, to
select those patients who could benefit most from antiinflammatory therapy.
Our results suggest that NLH could be such a
marker of low-grade inflammation in a conspicuous
subset of IBS cases, in which a “minimal lesions
colitis” (MLC) characterized by diffuse colonic NLH
can be found. Notably, patients with NLH have some
distinctive features within the IBS population: they
are younger, more often female, and have a higher
frequency of metal contact dermatitis, abdominal
pain, bloating, diarrhoea, and unspecific inflammation.
Moreover, 19% of patients with MLC had NLH associated
with RRS; we might speculate that in these cases MLC
could share common features with IBD.
Our work presents some limitations. Firstly,
since this is a retrospective study, the asymptomatic
population is not matched with the symptomatic
population, because people undergoing colonoscopy
for screening purposes are more often male and
older, compared to patients with IBS-like symptoms
or suspected IBD, who showed a higher prevalence of
female and younger people. Moreover, we collected
information about metal contact allergies and lactose
intolerance from patients’ charts; such data were
not available for all cases. Additionally, regarding the
association between NLH and metal contact dermatitis,
only a minority of subjects had performed patch tests
and therefore we based our analysis on self-reported
history of delayed hypersensitivity reactions to metals.
Finally, only a minority of non-NLH patients underwent
biopsy sampling during colonoscopy, while in most
cases NLH was excluded on the base of endoscopic
findings.
In conclusion, colonic NLH is rare in asymptomatic
subjects, while it is a frequent finding in symptomatic
patients, in whom it might reflect a state of enhanced
immunological activity. We can speculate that colonic
NLH represents an objective biomarker of low-grade
inflammation in a subset of IBS patients, which might
be triggered by metal contact reactions; moreover,
colonic NLH with RRS might share common features
with IBD, supporting the hypothesis that IBS and IBD
might be part of the spectrum of the same disease
(Figure 6).
Further studies are required to understand the
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etiopathogenetic mechanisms underlying colonic NLH in
organic and functional conditions, its clinical implications
and its possible link with IBD.

9

COMMENTS
COMMENTS

10

Background

Colonic nodular lymphoid hyperplasia (NLH) is considered a rare finding in
adults. NLH can be asymptomatic or more rarely presents with gastrointestinal
symptoms, like abdominal pain, chronic diarrhoea and bleeding and it has been
reported in association with inflammatory bowel disease (IBD), celiac disease,
lymphoma, dysgammaglobulinemia, Ehlers-Danlos syndrome, diversion colitis
and food allergies.

Research frontiers

Published literature includes case reports and small series of patients; whether
this relates to endoscopy underreporting or to the true rarity of the condition is
unclear.

Innovations and breakthroughs

This study sheds light on colonic NLH in adults, in terms of prevalence, genderdistribution and association with known diseases. The most relevant result
of our study is the identification of NLH as a putative marker of low-grade
inflammation in a subset of irritable bowel syndrome (IBS) cases.

11

12

13

14

15

Applications

Diffuse colonic NLH could be a marker of low-grade inflammation in a
conspicuous subset of IBS patients and could constitute a link between a
subset of IBS cases and IBD.

Peer-review

16

REFERENCES

17

The authors conclude that colonic NLH could be a marker of low-grade
inflammation in a subset of patients with IBS. The point of view is interesting.

1
2
3

4

5
6

7

8

Howat ABK, Douce G. The Royal College of Pathologists. In:
Histopathology and cytopathology of limited or no clinical value.
2nd ed. London: RCPath, 2005
Hazewinkel Y, Dekker E. Colonoscopy: basic principles and
novel techniques. Nat Rev Gastroenterol Hepatol 2011; 8: 554-564
[PMID: 21894202 DOI: 10.1038/nrgastro.2011.141]
Hirata I, Nakagawa Y, Ohkubo M, Yahagi N, Yao K. Usefulness
of magnifying narrow-band imaging endoscopy for the diagnosis
of gastric and colorectal lesions. Digestion 2012; 85: 74-79 [PMID:
22269282 DOI: 10.1159/000334642]
Cheon JH. Advances in the Endoscopic Assessment of
Inflammatory Bowel Diseases: Cooperation between Endoscopic
and Pathologic Evaluations. J Pathol Transl Med 2015; 49: 209-217
[PMID: 26018512 DOI: 10.4132/jptm.2015.04.09]
Langman JM, Rowland R. The number and distribution of
lymphoid follicles in the human large intestine. J Anat 1986; 149:
189-194 [PMID: 3693106]
Krauss E, Konturek P, Maiss J, Kressel J, Schulz U, Hahn
EG, Neurath MF, Raithel M. Clinical significance of lymphoid
hyperplasia of the lower gastrointestinal tract. Endoscopy 2010; 42:
334-337 [PMID: 20178073 DOI: 10.1055/s-0029-1243936]
Olmez S, Aslan M, Yavuz A, Bulut G, Dulger AC. Diffuse nodular
lymphoid hyperplasia of the small bowel associated with common
variable immunodeficiency and giardiasis: a rare case report. Wien
Klin Wochenschr 2014; 126: 294-297 [PMID: 24647448 DOI:
10.1007/s00508-014-0525-5]
Sharma M, Goyal A, Ecka RS. An unusual cause of recurrent
diarrhea with small intestinal “polyposis”. Nodular lymphoid
hyperplasia of the small intestine. Gastroenterology 2012; 142:
e8-e9 [PMID: 22546370 DOI: 10.1053/j.gastro.2011.11.053]

WJG|www.wjgnet.com

18

19

20

21
22
23

24

25

10207

Iacono G, Ravelli A, Di Prima L, Scalici C, Bolognini S, Chiappa
S, Pirrone G, Licastri G, Carroccio A. Colonic lymphoid nodular
hyperplasia in children: relationship to food hypersensitivity. Clin
Gastroenterol Hepatol 2007; 5: 361-366 [PMID: 17368236 DOI:
10.1016/j.cgh.2006.12.010]
Riddlesberger MM, Lebenthal E. Nodular colonic mucosa of
childhood: normal or pathologic? Gastroenterology 1980; 79:
265-270 [PMID: 7399229]
Kokkonen J, Arvonen M, Vähäsalo P, Karttunen TJ. Intestinal
immune activation in juvenile idiopathic arthritis and connective
tissue disease. Scand J Rheumatol 2007; 36: 386-389 [PMID:
17963169 DOI: 10.1080/03009740701394005]
Kokkonen J, Karttunen TJ. Lymphonodular hyperplasia on the
mucosa of the lower gastrointestinal tract in children: an indication
of enhanced immune response? J Pediatr Gastroenterol Nutr 2002;
34: 42-46 [PMID: 11753163]
Kokkonen J, Tikkanen S, Karttunen TJ, Savilahti E. A similar
high level of immunoglobulin A and immunoglobulin G class
milk antibodies and increment of local lymphoid tissue on the
duodenal mucosa in subjects with cow’s milk allergy and recurrent
abdominal pains. Pediatr Allergy Immunol 2002; 13: 129-136
[PMID: 12000486]
Wakefield AJ, Murch SH, Anthony A, Linnell J, Casson DM,
Malik M, Berelowitz M, Dhillon AP, Thomson MA, Harvey P,
Valentine A, Davies SE, Walker-Smith JA. Ileal-lymphoid-nodular
hyperplasia, non-specific colitis, and pervasive developmental
disorder in children. Lancet 1998; 351: 637-641 [PMID: 9500320]
Furlano RI, Anthony A, Day R, Brown A, McGarvey L, Thomson
MA, Davies SE, Berelowitz M, Forbes A, Wakefield AJ, WalkerSmith JA, Murch SH. Colonic CD8 and gamma delta T-cell
infiltration with epithelial damage in children with autism. J
Pediatr 2001; 138: 366-372 [PMID: 11241044 DOI: 10.1067/
mpd.2001.111323]
Gurkan OE, Yilmaz G, Aksu AU, Demirtas Z, Akyol G, Dalgic
B. Colonic lymphoid nodular hyperplasia in childhood: causes
of familial Mediterranean fever need extra attention. J Pediatr
Gastroenterol Nutr 2013; 57: 817-821 [PMID: 24280993 DOI:
10.1097/MPG.0b013e3182a9083b]
Vossenkämper A, Fikree A, Fairclough PD, Aziz Q, MacDonald
TT. Colonic lymphoid nodular hyperplasia in an adolescent. J
Pediatr Gastroenterol Nutr 2011; 53: 684-686 [PMID: 22134496
DOI: 10.1097/MPG.0b013e318223650a]
Albuquerque A. Nodular lymphoid hyperplasia in the
gastrointestinal tract in adult patients: A review. World J Gastrointest
Endosc 2014; 6: 534-540 [PMID: 25400867 DOI: 10.4253/wjge.
v6.i11.534]
Venkitachalam PS, Hirsch E, Elguezabal A, Littman L. Multiple
lymphoid polyposis and familial polyposis of the colon: a genetic
relationship. Dis Colon Rectum 1978; 21: 336-341 [PMID:
699723]
Molaei M, Kaboli A, Fathi AM, Mashayekhi R, Pejhan S,
Zali MR. Nodular lymphoid hyperplasia in common variable
immunodeficiency syndrome mimicking familial adenomatous
polyposis on endoscopy. Indian J Pathol Microbiol 2009; 52:
530-533 [PMID: 19805964 DOI: 10.4103/0377-4929.56152]
Bronen RA, Glick SN, Teplick SK. Diffuse lymphoid follicles of
the colon associated with colonic carcinoma. AJR Am J Roentgenol
1984; 142: 105-109 [PMID: 6606941 DOI: 10.2214/ajr.142.1.105]
Kenney PJ, Koehler RE, Shackelford GD. The clinical significance
of large lymphoid follicles of the colon. Radiology 1982; 142:
41-46 [PMID: 7053546 DOI: 10.1148/radiology.142.1.7053546]
Jones SE, Fuks Z, Bull M, Kadin ME, Dorfman RF, Kaplan
HS, Rosenberg SA, Kim H. Non-Hodgkin’s lymphomas. IV.
Clinicopathologic correlation in 405 cases. Cancer 1973; 31:
806-823 [PMID: 4574662]
Fernandes BJ, Amato D, Goldfinger M. Diffuse lymphomatous
polyposis of the gastrointestinal tract. A case report with
immunohistochemical studies. Gastroenterology 1985; 88:
1267-1270 [PMID: 3884429]
De Smet AA, Tubergen DG, Martel W. Nodular lymphoid

December 14, 2016|Volume 22|Issue 46|

Piscaglia AC et al . Nodular lymphoid hyperplasia in IBS

26

27

28
29

30
31

32

33

34

35

36

37

38

39
40
41
42

hyperplasia of the colon associated with dysgammaglobulinemia.
AJR Am J Roentgenol 1976; 127: 515-517 [PMID: 183544 DOI:
10.2214/ajr.127.3.515]
Postgate A, Despott E, Talbot I, Phillips R, Aylwin A, Fraser C.
An unusual cause of diarrhea: diffuse intestinal nodular lymphoid
hyperplasia in association with selective immunoglobulin A
deficiency (with video). Gastrointest Endosc 2009; 70: 168-169;
discussion 169 [PMID: 19559841 DOI: 10.1016/j.gie.2009.03.004]
Kabir SI, Kabir SA, Richards R, Ahmed J, MacFie J. Patho
physiology, clinical presentation and management of diversion
colitis: a review of current literature. Int J Surg 2014; 12: 1088-1092
[PMID: 25150021 DOI: 10.1016/j.ijsu.2014.08.350]
Venter C, Arshad SH. Epidemiology of food allergy. Pediatr Clin
North Am 2011; 58: 327-349, ix [PMID: 21453805 DOI: 10.1016/
j.pcl.2011.02.011]
Tokuhara D, Watanabe K, Okano Y, Tada A, Yamato K, Mochizuki
T, Takaya J, Yamano T, Arakawa T. Wireless capsule endoscopy in
pediatric patients: the first series from Japan. J Gastroenterol 2010;
45: 683-691 [PMID: 20143103 DOI: 10.1007/s00535-010-0209-5]
Colarian J, Calzada R, Jaszewski R. Nodular lymphoid
hyperplasia of the colon in adults: is it common? Gastrointest
Endosc 1990; 36: 421-422 [PMID: 2210298]
Kagueyama FM, Nicoli FM, Bonatto MW, Orso IR. Importance
of biopsies and histological evaluation in patients with chronic
diarrhea and normal colonoscopies. Arq Bras Cir Dig 2014; 27:
184-187 [PMID: 25184768]
Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin
F, Spiller RC. Functional bowel disorders. Gastroenterology
2006; 130: 1480-1491 [PMID: 16678561 DOI: 10.1053/j.gastro.
2005.11.061]
Mansueto P, Iacono G, Seidita A, D’Alcamo A, Sprini D, Carroccio
A. Review article: intestinal lymphoid nodular hyperplasia
in children--the relationship to food hypersensitivity. Aliment
Pharmacol Ther 2012; 35: 1000-1009 [PMID: 22428565 DOI:
10.1111/j.1365-2036.2012.05062.x]
Carroccio A, Iacono G, Di Prima L, Ravelli A, Pirrone G, Cefalù
AB, Florena AM, Rini GB, Di Fede G. Food hypersensitivity as a
cause of rectal bleeding in adults. Clin Gastroenterol Hepatol 2009;
7: 120-122 [PMID: 19124116 DOI: 10.1016/j.cgh.2008.07.029]
Rietschel RL, Fowler JF, Warshaw EM, Belsito D, DeLeo VA,
Maibach HI, Marks JG, Mathias CG, Pratt M, Sasseville D,
Storrs FJ, Taylor JS, Zug KA. Detection of nickel sensitivity has
increased in North American patch-test patients. Dermatitis 2008;
19: 16-19 [PMID: 18346391]
Di Gioacchino M, Ricciardi L, De Pità O, Minelli M, Patella
V, Voltolini S, Di Rienzo V, Braga M, Ballone E, Mangifesta
R, Schiavino D. Nickel oral hyposensitization in patients with
systemic nickel allergy syndrome. Ann Med 2014; 46: 31-37
[PMID: 24256166 DOI: 10.3109/07853890.2013.861158]
Di Gioacchino M, Boscolo P, Cavallucci E, Verna N, Di Stefano
F, Di Sciascio M, Masci S, Andreassi M, Sabbioni E, Angelucci D,
Conti P. Lymphocyte subset changes in blood and gastrointestinal
mucosa after oral nickel challenge in nickel-sensitized women.
Contact Dermatitis 2000; 43: 206-211 [PMID: 11011919]
Stejskal V, Reynolds T, Bjørklund G. Increased frequency of
delayed type hypersensitivity to metals in patients with connective
tissue disease. J Trace Elem Med Biol 2015; 31: 230-236 [PMID:
25636536 DOI: 10.1016/j.jtemb.2015.01.001]
Stejskal V, Ockert K, Bjørklund G. Metal-induced inflammation
triggers fibromyalgia in metal-allergic patients. Neuro Endocrinol
Lett 2013; 34: 559-565 [PMID: 24378456]
Cazzato IA, Vadrucci E, Cammarota G, Minelli M, Gasbarrini
A. Lactose intolerance in systemic nickel allergy syndrome. Int J
Immunopathol Pharmacol 2011; 24: 535-537 [PMID: 21658331]
Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a
clinical review. JAMA 2015; 313: 949-958 [PMID: 25734736 DOI:
10.1001/jama.2015.0954]
Sainsbury A, Sanders DS, Ford AC. Prevalence of irritable bowel
syndrome-type symptoms in patients with celiac disease: a metaanalysis. Clin Gastroenterol Hepatol 2013; 11: 359-365.e1 [PMID:

WJG|www.wjgnet.com

43

44
45

46

47

48

49

50

51

52

53

54

55

10208

23246645 DOI: 10.1016/j.cgh.2012.11.033]
Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria
for irritable bowel syndrome in inflammatory bowel disease:
systematic review and meta-analysis. Am J Gastroenterol 2012;
107: 1474-1482 [PMID: 22929759 DOI: 10.1038/ajg.2012.260]
Dai C, Jiang M. The incidence and risk factors of post-infectious
irritable bowel syndrome: a meta-analysis. Hepatogastroenterology
2012; 59: 67-72 [PMID: 22024145 DOI: 10.5754/hge10796]
Barbara G, Cremon C, Carini G, Bellacosa L, Zecchi L, De
Giorgio R, Corinaldesi R, Stanghellini V. The immune system in
irritable bowel syndrome. J Neurogastroenterol Motil 2011; 17:
349-359 [PMID: 22148103 DOI: 10.5056/jnm.2011.17.4.349]
Piche T, Barbara G, Aubert P, Bruley des Varannes S, Dainese R,
Nano JL, Cremon C, Stanghellini V, De Giorgio R, Galmiche JP,
Neunlist M. Impaired intestinal barrier integrity in the colon of
patients with irritable bowel syndrome: involvement of soluble
mediators. Gut 2009; 58: 196-201 [PMID: 18824556 DOI:
10.1136/gut.2007.140806]
Cremon C, Carini G, Wang B, Vasina V, Cogliandro RF, De
Giorgio R, Stanghellini V, Grundy D, Tonini M, De Ponti F,
Corinaldesi R, Barbara G. Intestinal serotonin release, sensory
neuron activation, and abdominal pain in irritable bowel syndrome.
Am J Gastroenterol 2011; 106: 1290-1298 [PMID: 21427712 DOI:
10.1038/ajg.2011.86]
Foley S, Garsed K, Singh G, Duroudier NP, Swan C, Hall IP,
Zaitoun A, Bennett A, Marsden C, Holmes G, Walls A, Spiller
RC. Impaired uptake of serotonin by platelets from patients
with irritable bowel syndrome correlates with duodenal immune
activation. Gastroenterology 2011; 140: 1434-1443.e1 [PMID:
21315720 DOI: 10.1053/j.gastro.2011.01.052]
Barbara G, Wang B, Stanghellini V, de Giorgio R, Cremon C, Di
Nardo G, Trevisani M, Campi B, Geppetti P, Tonini M, Bunnett
NW, Grundy D, Corinaldesi R. Mast cell-dependent excitation of
visceral-nociceptive sensory neurons in irritable bowel syndrome.
Gastroenterology 2007; 132: 26-37 [PMID: 17241857 DOI:
10.1053/j.gastro.2006.11.039]
Cenac N, Andrews CN, Holzhausen M, Chapman K, Cottrell G,
Andrade-Gordon P, Steinhoff M, Barbara G, Beck P, Bunnett NW,
Sharkey KA, Ferraz JG, Shaffer E, Vergnolle N. Role for protease
activity in visceral pain in irritable bowel syndrome. J Clin Invest
2007; 117: 636-647 [PMID: 17304351 DOI: 10.1172/JCI29255]
Buhner S, Li Q, Berger T, Vignali S, Barbara G, De Giorgio R,
Stanghellini V, Schemann M. Submucous rather than myenteric
neurons are activated by mucosal biopsy supernatants from
irritable bowel syndrome patients. Neurogastroenterol Motil 2012;
24: e1134-e1572 [PMID: 22963673 DOI: 10.1111/nmo.12011]
Balestra B, Vicini R, Cremon C, Zecchi L, Dothel G, Vasina V, De
Giorgio R, Paccapelo A, Pastoris O, Stanghellini V, Corinaldesi R,
De Ponti F, Tonini M, Barbara G. Colonic mucosal mediators from
patients with irritable bowel syndrome excite enteric cholinergic
motor neurons. Neurogastroenterol Motil 2012; 24: e1118-e1570
[PMID: 22937879 DOI: 10.1111/nmo.12000]
Zucchelli M, Camilleri M, Andreasson AN, Bresso F, Dlugosz A,
Halfvarson J, Törkvist L, Schmidt PT, Karling P, Ohlsson B, Duerr
RH, Simren M, Lindberg G, Agreus L, Carlson P, Zinsmeister AR,
D’Amato M. Association of TNFSF15 polymorphism with irritable
bowel syndrome. Gut 2011; 60: 1671-1677 [PMID: 21636646
DOI: 10.1136/gut.2011.241877]
Swan C, Duroudier NP, Campbell E, Zaitoun A, Hastings M,
Dukes GE, Cox J, Kelly FM, Wilde J, Lennon MG, Neal KR,
Whorwell PJ, Hall IP, Spiller RC. Identifying and testing candidate
genetic polymorphisms in the irritable bowel syndrome (IBS):
association with TNFSF15 and TNFα. Gut 2013; 62: 985-994
[PMID: 22684480 DOI: 10.1136/gutjnl-2011-301213]
Piche T, Saint-Paul MC, Dainese R, Marine-Barjoan E, Iannelli
A, Montoya ML, Peyron JF, Czerucka D, Cherikh F, Filippi J, Tran
A, Hébuterne X. Mast cells and cellularity of the colonic mucosa
correlated with fatigue and depression in irritable bowel syndrome.
Gut 2008; 57: 468-473 [PMID: 18194987 DOI: 10.1136/
gut.2007.127068]

December 14, 2016|Volume 22|Issue 46|

Piscaglia AC et al . Nodular lymphoid hyperplasia in IBS
56

Vivinus-Nébot M, Dainese R, Anty R, Saint-Paul MC, Nano JL,
Gonthier N, Marjoux S, Frin-Mathy G, Bernard G, Hébuterne X,
Tran A, Theodorou V, Piche T. Combination of allergic factors can
worsen diarrheic irritable bowel syndrome: role of barrier defects
and mast cells. Am J Gastroenterol 2012; 107: 75-81 [PMID:

57

21931380 DOI: 10.1038/ajg.2011.315]
Simrén M, Barbara G, Flint HJ, Spiegel BM, Spiller RC, Vanner
S, Verdu EF, Whorwell PJ, Zoetendal EG. Intestinal microbiota in
functional bowel disorders: a Rome foundation report. Gut 2013;
62: 159-176 [PMID: 22730468 DOI: 10.1136/gutjnl-2012-302167]
P- Reviewer: Kamiya T S- Editor: Yu J L- Editor: A
E- Editor: Zhang FF

WJG|www.wjgnet.com

10209

December 14, 2016|Volume 22|Issue 46|

World J Gastroenterol 2016 December 14; 22(46): 10210-10218
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i46.10210

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Case Control Study

Effect of switching from treatment with nucleos(t)ide
analogs to pegylated interferon α-2a on virological and
serological responses in chronic hepatitis B patients
Li-Ting He, Xiao-Guang Ye, Xiao-Yuan Zhou
Li-Ting He, Xiao-Guang Ye, Xiao-Yuan Zhou, Department
of Infectious Diseases, The Second Affiliated Hospital of
Guangzhou Medical University, Guangzhou 510260, Guangdong
Province, China
Author contributions: Ye XG designed the research and
critically reviewed the manuscript for important intellectual
content; He LT performed the search, analyzed the data and wrote
the manuscript; Zhou XY collected the cases.
Institutional review board statement: The study was reviewed
and approved by the Second Affiliated Hospital of Guangzhou
Medical University Institutional Review Board.
Informed consent statement: All study participants, or their
legal guardian, provided informed written consent before study
enrollment.
Conflict-of-interest statement: The authors declare no
conflicts.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.
org/licenses/by-nc/4.0/
Manuscript source: Unsolicited manuscript
Correspondence to: Dr. Xiao-Guang Ye, Department
of Infectious Diseases, The Second Affiliated Hospital of
Guangzhou Medical University, Guangzhou 510260, Guangdong
Province, China. yexiaoguang@126.com
Telephone: +86-20-34152236
Fax: +86-20-34153982
Received: June 20, 2016
Peer-review started: June 22, 2016

WJG|www.wjgnet.com

First decision: July 29, 2016
Revised: August 25, 2016
Accepted: September 28, 2016
Article in press: September 28, 2016
Published online: December 14, 2016

Abstract
AIM
To investigate the efficacy of switching to pegylated
interferon-α-2a (PegIFNα-2a) treatment in nucleos(t)ide
analog (NA)-treated chronic hepatitis B (CHB) responder
patients.
METHODS
A 48-wk prospective and retrospective treatment trial
of NA-treated CHB patients who had received entecavir
(ETV) for at least 48 wk and had serum hepatitis B
virus (HBV)-DNA < 500 IU/mL, serum hepatitis B
envelope antigen (HBeAg) < 100 S/CO, serum alanine
aminotransferase, and aspartate aminotransferase
levels < 2 × the upper limit of normal of 40 IU/L was
performed. The effects on virological and serological
responses and adverse reactions to 0.5 mg daily ETV
for 48 wk vs switching to PegIFNα-2a were compared.
Forty-four patients were randomized to be switched
from NA treatment to the PegIFNα-2a group, and 44
patients were simultaneously randomized to the ETV
group.
RESULTS
After 48 wk of therapy, the decrease in hepatitis B
surface antigen (HBsAg) levels was greater in the
PegIFNα-2a group than in the ETV group (3.1340 log10
IU/mL vs 3.6950 log10 IU/mL, P = 0.00). Seven patients
who were anti-HBs-positive at baseline achieved HBsAg
loss when switched to PegIFNα-2a (15.91% vs 0%,
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P = 0.018). The HBeAg serological conversion rate

was higher in the PegIFNα-2a group than in the ETV
group; however, the difference was not significant
because of the small sample sizes (34.38% vs 21.88%,
P = 0.232). In the PegIFNα-2a group, patients with
HBsAg levels < 1500 IU/mL at baseline had higher
HBeAg seroconversion and HBsAg loss rates at week
48 than those with HBsAg levels ≥ 1500 IU/mL
(HBeAg seroconversion: 17.86% vs 62.5%, P = 0.007;
HBsAg loss: 41.67% vs 6.25%, P = 0.016). Moreover,
patients with HBsAg levels < 1500 IU/mL at week 24
had higher HBsAg loss rates after therapy than those
with HBsAg levels ≥ 1500 IU/mL (36.84% vs 0%, P =
0.004). However, there were no statistically significant
differences in HBeAg seroconversion rates (47.06% vs
25.93%, P = 0.266).
CONCLUSION
NA-treated CHB patients switched to sequential
PegIFNα-2a achieved highly potent treatment ter
mination safely.
Key words: Chronic hepatitis B; Entecavir; pegylated
interferon-α-2a; Sequential therapy; Effect
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: It is necessary to achieve termination
safely with minimal risk of long-term resistance in
nucleos(t)ide analog (NA)-treated chronic hepatitis B
(CHB) patients. We studied NA-treated CHB patients
who stopped NAs safely and achieved sustained
virological and immunological responses after treatment.
We clarified the efficacy and safety of sequential 48-wk
pegylated interferon-α-2a (PegIFNα-2a) in NA-treated
CHB patients during and after treatment termination.
Patients were selected based on the initial serum
hepatitis B surface antigen (HBsAg) level. PegIFNα2a was adjusted based on HBsAg levels at 24 wk
of treatment, an important and significant factor in
achieving treatment termination safely with immune
control.
He LT, Ye XG, Zhou XY. Effect of switching from treatment
with nucleos(t)ide analogues to pegylated interferon α-2a on
virological and serological response in chronic hepatitis B
patients. World J Gastroenterol 2016; 22(46): 10210-10218
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10210.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10210

INTRODUCTION
Hepatitis B virus (HBV) infection is a significant clinical
problem globally: it is estimated that approximately
240 million individuals are chronically infected with
[1]
HBV worldwide . The prevalence of HBV varies

WJG|www.wjgnet.com

markedly among regions. China is an intermediate
endemic area. According to a national epidemiological
survey in China in 2006, among those aged 1-59
years, 7.18% are hepatitis B surface antigen (HBsAg)[2]
positive . There are approximately 100 million
individuals living with chronic hepatitis B (CHB) virus
infection in China, including approximately 2 million
patients. Approximately 20%-30% of chronically
infected persons will develop cirrhosis and/or
hepatocellular carcinoma (HCC). The World Health
Organization (WHO) estimates that 0.65 million
deaths annually are attributable to complications from
hepatitis B, including cirrhosis and HCC, which are
strongly associated with hepatitis B envelope antigen
[1]
(HBeAg) positivity and serum HBV DNA replication .
Additionally, patients who are persistently HBeAgpositive are at higher risk of developing liver cirrhosis
[1]
(3.5% per year) . Therefore, standardized antiviral
treatment is required to improve the prognosis of CHB.
Current anti-HBV drugs are divided into two types. One
of these is nucleoside analogs (NAs), a large class of
direct antiviral drugs. In clinical practice, the duration
of treatment of CHB with NAs is unclear. The role of
NAs is to inhibit replication of the HBV DNA and reduce
the amount of HBV in the blood to achieve therapeutic
improvement. However, NAs have a single target
and replace the nucleoside during HBV polymerase
extension, resulting in termination of chain extension
during the viral replication process, thus inhibiting viral
[3,4]
replication . Therefore, treatment with NAs greatly
inhibits viral replication and relieves inflammation but
does not eliminate the virus completely nor produces
enduring HBeAg seroconversion or HBsAg clearance.
Most importantly, NAs almost always produce drug
resistance and relapse after discontinuation of
therapy. Therefore, to reduce the risk of liver function
decompensation, liver cirrhosis and HCC progression
in patients with hepatitis B, a long-term antiviral
treatment to inhibit HBV is required.
NAs are used widely (about 90%) in CHB
treatment in China. However, not all patients are
willing to continue taking NAs continuously, despite
concerns regarding relapse after treatment, and hope
to be able to stop taking the medicine safely. Realizing
these hopes represents a tremendous challenge for
NA-treated CHB patients.
Interferon (IFN) is another type of drug that has
antiviral activity and acts as an immune regulator by
inducing host cytokines to inhibit multiple aspects
of viral replication. The European Association for
[5]
the Study of the Liver (EASL) has indicated that
IFN therapy is the preferred treatment option for
HBeAg-positive patients who achieve stable HBeAg
seroconversion and for HBeAg-negative patients
who achieve sustained response after therapy. An
advantage of IFN is that the duration of IFN anti-HBV
treatment has a clear treatment course, which is widely
used for the clinical treatment of CHB. Therefore,
recent research has focused on a combination therapy
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PegIFNα-2a 180 μg/ Qw H (n = 44)

Follow up

ETV 0.5 mg Qd
NAs-treated CHB
patients (n = 88),
HBV DNA < 500 IU/mL,
HBeAg < 100 S/CO,
ALT < 2 ULN.

0

12

48

ETV 0.5 mg Po Qd x 48 wk (n = 44)

72

Follow up

0

48

72

Figure 1 Trial design. HBV: Hepatitis B virus; CHB: Chronic hepatitis B; HBeAg: Hepatitis B envelope antigen; ULN: Upper limit of normal; ALT: Alanine
aminotransferase; PegIFNα-2a: Pegylated interferon-α-2a; ETV: Entecavir; Qd: Quaque die; Po: Peros.

of IFN and NAs to exploit the antiviral and immune
regulation effects of these drugs. The combination of
NAs with IFN improves interferon tolerance, inhibits
covalently closed circular DNA (cccDNA) transcription,
improves the initial response rate, prevents or delays
the generation of NA-resistant mutations and prevents
[6]
the generation of multidrug-resistant mutations .
Therefore, a clinical treatment regimen with a shorter
course that allows CHB patients to stop NA treatment
safely might be feasible. To ensure that CHB patients
who were treated with NAs can safely stop taking NAs
and obtain lasting immune control, the Expert Meeting
[7]
of China in 2013 suggested that CHB patients
treated with NAs should switch to pegylated interferon
(Peg-IFN) or pursue a combined treatment. NA-treated
CHB patients who switch to IFN have been reported
to achieve higher rates of sustained virological and
serological responses than those continuing with
[8,9]
NA monotherapy . However, supporting medical
evidence from clinical trials or clinical, real-life data are
lacking.
To help NA-treated CHB patients stop NAs safely
and achieve sustained virological and immunological
responses after treatment, we investigated the efficacy
and safety of switching NA-treated CHB patients
to sequential 48-wk PegIFNα-2a by observing the
virological response, HBsAg or HBeAg seroconversion
rates, and other indicators.

MATERIALS AND METHODS
Study population

This study was a 48-wk prospective and retrospective
treatment trial comparing the efficacy and safety of 0.5
mg entecavir (ETV, Baraclude, Bristol-Myers Squibb)
daily for 48 wk compared to switching to pegylated
interferon alpha-2a (PegIFNα-2a, F. Hoffmann-La
Roche Ltd, Basel, Switzerland). All patents were
followed up for 24 wk (Figure 1). Patients assigned
to PegIFNα-2a received 180 µg/wk for 48 wk, with
the first 12 wk overlapping with 0.5 mg daily ETV.
Patients assigned to the ETV group continued with ETV
monotherapy. A total of 88 patients who had received
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ETV treatment for at least 48 wk were recruited from
the Second Hospital affiliated with Guangzhou Medical
University between January 1, 2013, and December
31, 2015. Patients were randomized to receive
PegIFNα-2a 180 µg/wk or continue 0.5 mg daily ETV
for 48 wk. Eligible patients were HBsAg-positive, had
serum HBV-DNA < 500 IU/mL, serum HBeAg < 100
S/CO, and serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels < 2 × the
upper limit of normal (ULN) of 40 IU/L. Patients with
decompensated cirrhosis and HCC were excluded; as
were patients co-infected with hepatitis A, C, or D;
those who had been pre-treated with other antivirals;
and patients with a history or evidence of other chronic
liver diseases, including autoimmune hepatitis or
alcohol liver disease.

Curative effect

HBeAg seroconversion was defined as HBeAg loss
(HBeAg < 1.0 S/CO) and HBeAb positivity (HBeAb >
1.0 S/CO). HBsAg loss was defined as HBsAg < 0.05
IU/L. HBsAg seroconversion was defined as HBsAg loss
and HBsAb positivity (HBsAb >10.0 IU/L).

Observation methods

Clinical examination and routine laboratory tests were
performed at the beginning of therapy, at 4, 8, 12, 24,
36, and 48 wk during antiviral therapy and at followup at 12 and 24 wk after therapy. Biochemical [serum
AST, ALT, creatinine (Cr), and glucose (Glu)] and
virological parameters (HBeAg, HBAb, HBcAb status
and HBV DNA levels) were measured at each visit.
Serum HBV DNA was detected using either a standard
generic HBV DNA assay (Da An Gene, normal level of
HBV DNA < 500 IU/mL) or the COBAS TaqMan HBV
Test (Roche Molecular Diagnostics, Pleasanton, CA,
United States). HBeAg, HBeAb, HBcAb status was
detected using chemiluminescence measurements.
The laboratory technicians were unaware of the trial.
The PegIFNα-2a group was divided into an HBsAg
< 1500 IU/mL group and an HBsAg ≥ 1500 IU/mL
group based on the HBsAg level at baseline and after
24 wk of therapy.
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Table 1 Patient demographics and baseline characteristics

Age (yr), mean
Male
ALT (U/L), mean
HBsAg (IU/mL), mean
HBeAg (+)

PegIFNα-2a

ETV

P value

35.41 (95%CI: 32.68-39.03)
62.86%
34.60 (95%CI: 30.31-38.89)
6168.8630 (95%CI: 3841.12-8496.60)
29/44 (65.91%)

35.43 (95%CI: 32.42-38.43)
68.57%
33.06 (95%CI: 30.15-35.96)
5879.4557(95%CI: 3643.06-8115.85)
(27/44) 61.36%

0.8321
0.6152
0.7451
0.9601
0.6582

1
2
2
α = 0.05. Non-parametric Wilcoxon test; Pearson’s χ test. ALT: Alanine aminotransferase; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B
envelope antigen; PegIFNα-2a: Pegylated interferon-α-2a; ETV: Entecavir.

4.0

Table 2 Patient demographics after 48 wk of therapy
ETV arm
Pegasys arm

HBsAg
(log10 IU/mL)

3.8

PegIFNα-2a
HBsAg levels (log10 IU/mL)
HBsAg loss rate (%)

3.6

3.1340
15.91

ETV
3.6950
0.0000

P value
0.001
0.0182

1
2
2
α = 0.05. Non-parametric Wilcoxon test; Pearson’s χ test. HBsAg:
Hepatitis B surface antigen; PegIFNα-2a: PEGylated interferon-α-2a; ETV:
Entecavir.

3.4

3.2

3.0

0

12

24

36

than in the ETV group (3.1340 log10 IU/mL vs 3.6950
log10 IU/mL, P = 0.00, Table 2).

48

t /wk

Figure 2 Hepatitis B surface antigen levels in patients in the PEGylated
interferon α-2a group and the entecavir group across therapy. HBsAg:
Hepatitis B surface antigen; ETV: Entecavir.

Statistical analysis

Statistical analysis was conducted using SPSS version
13.0 software. Quantitative data were analyzed by a
t-test or non-parametric Wilcoxon test as appropriate,
2
and qualitative data were analyzed by Pearson’s χ test
and Fisher’s exact test.

RESULTS
Baseline in the PegIFNα -2a and ETV groups

There were 88 patients in the trial (PegIFNα-2a, n
= 44; ETV, n = 44), and all patients accepted the
regular 48 wk of treatment and 24 wk of follow-up.
The mean age was 35.41 years (95%CI: 32.68-39.03)
in the PegIFNα-2a group and 35.43 years (95%CI:
32.42-38.43) in the ETV group. There were no
statistically significant differences in age, gender or
serum biochemical data between the two groups (Table
1).

Efficacy

HBsAg levels in patients in the PegIFNα-2a
group (Figure 2): During therapy, HBsAg levels were
3.7902, 3.5405, 3.4661, 3.2511, and 3.1340 log10
IU/mL at baseline and weeks 12, 24, 36, and 48 of
therapy, respectively. However, the changes were small
in the ETV group. After 48 wk of therapy, the decrease
in HBsAg levels was greater in the PegIFNα-2a group
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Serological response (Table 2): In the PegIFNα-2a
group, seven of the 44 patients achieved HBsAg loss,
and one patient exhibited HBsAg seroconversion. By
contrast, no patients in the ETV group achieved HBsAg
loss or HBsAg seroconversion after 48 wk of therapy.
More patients attained HBsAg loss in the PegIFNα2a group (15.91%) than in the ETV monotherapy
group (15.91% vs 0%, P = 0.018). There were five
and two individuals who remained HBeAg-positive
and -negative at baseline, respectively. During the
NA treatment period, both the PegIFNα-2a and ETV
groups experienced HBeAg seroconversion. The
HBeAg serological conversion rate was higher in the
PegIFNα-2a group than in the ETV group, although
the difference was not significant because of the small
sample sizes (34.38% vs 21.88%, P = 0.232).
As the treatment time increased, the decrease in
HBsAg levels became more obvious. Significantly more
patients (Figures 3 and 4) in the PegIFNα-2a group
had HBsAg levels of <100 IU/mL after treatment
than before treatment (50.00% vs 9.09%, P = 0.00).
Among patients with HBsAg levels < 1500 IU/mL, the
percent changes were 72.73% vs 25.00%, P = 0.00,
and in patients with HBsAg levels < 3000 IU/mL, the
percent changes were 86.36% vs 36.36%, P = 0.00.
Early HBsAg decline predicted the response at
week 48. The highest rates of HBeAg seroconversion
and HBsAg loss were observed in patients with an
HBsAg level < 100 IU/mL at week 24 (Figures 5 and
6). In the PegIFNα-2a group, patients with an HBsAg
level < 100 IU/mL, an HBsAg level < 1500 IU/mL, or
an HBsAg level < 3000 IU/mL achieved 50%, 42.2%,
and 40.74% HBeAg seroconversion at week 48,
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HBsAg < 100 IU/mL
HBsAg < 1500 IU/mL
HBsAg < 3000 IU/mL

100

48

90
Proportion of patients (%)

Week

36
24
12
0
-2

-1

0

1
2
3
HBsAg (log10 IU/mL)

4

5

Off-treatment follow-up: Week 24 responders

During the 24-wk follow-up, all the patients who
switched to PegIFNα-2a maintained HBV-DNA negative
status and normal serum AST and ALT.
Thirty-five patients, including two who were
HBeAg-positive after 48 wk of treatment with PegIFNα2a, experienced HBeAg seroconversion during 24 wk
of follow-up. The cumulative HBeAg seroconversion
rate was 41.46%, whereas no patients achieved
HBeAg seroconversion in the ETV group. However,
the difference between the groups was not significant
(41.46% vs 21.95%, P = 0.058).
The HBsAg level of one patient who lost HBsAg
with PegIFNα-2a treatment for 48 wk was 0.67 IU/mL
th
at the 24 wk of follow-up, even though the patient
maintained HBeAg seroconversion, HBV-DNA negative
status and normal serum ALT and AST.
One patient who received PegIFNα-2a developed a
complication of hyperthyroidism during week 39, and
the patient was not discontinued due to methimazole
treatment.
Adverse events, including headache, dry mouth,
weakness and decreases in leucocytes, erythrocytes,
and platelets, occurred in the majority of patients. One
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Figure 3 Change in hepatitis B surface antigen levels during PEGylated
interferon α-2a sequential therapy. HBsAg: Hepatitis B surface antigen.

respectively.
In the PegIFNα-2a group, patients with an HBsAg
level < 100 IU/mL, an HBsAg level < 1500 IU/mL, or
an HBsAg level < 3000 IU/mL achieved 50%, 36.84%
and 25.93% HBsAg loss at week 48, respectively.
In the PegIFNα-2a group, patients with an HBsAg
level < 1500 IU/mL at baseline had higher HBeAg
seroconversion and HBsAg loss rates at week 48
compared with those with an HBsAg level ≥ 1500
IU/mL (HBeAg seroconversion: 62.5% vs 17.86%, P
< 0.05; HBsAg loss: 41.67% vs 6.25%, P < 0.05).
Moreover, those with an HBsAg level < 1500 IU/mL
at week 24 had higher HBsAg loss rates after therapy
compared with those with an HBsAg level ≥ 1500
IU/mL (36.84% vs 0%, P < 0.05). However, the
differences in HBeAg seroconversion between the
groups were not significant (47.06% vs 25.93%, P >
0.05) (Table 3).

80

0

9.09
0

24
The level of HBsAg at week 24

48

Figure 4 Proportion of patients in different hepatitis B surface antigen
level groups during pegylated interferon α-2a sequential therapy. HBsAg:
Hepatitis B surface antigen.

of the 35 patients in the PegIFNα-2a group had these
adverse events, which were mild and had no effect on
treatment progress. However, a minority of patients
in the ETV group had the above-mentioned adverse
events.

DISCUSSION
In our study, regardless of the baseline levels or
HBeAg positivity or negativity of the two groups of
CHB patients, HBV DNA was fully suppressed by 1-5
years of NA treatment. Despite this suppression, these
patients remained HBeAg-positive, albeit at lower
levels. Compared with ETV monotherapy, the addition
of PegIFNα-2a for 48 wk, based on HBsAg-titer
monitoring produced higher HBeAg seroconversion,
greatly decreased HBsAg levels, and achieved HBsAg
loss and even HBsAg seroconversion with no relapse
after 24 wk of follow-up. These results are similar to
[10]
Ouzan’s report .
[11]
The NEPTUNE study
indicated that 14% of
patients treated with PegIFN for one year had deferred
HBeAg seroconversion, and 86% of the patients
achieved HBeAg seroconversion during the therapy.
In this study, the rate of HBeAg seroconversion was
21.95%, which lower than the rate after PegIFNα2a treatment (36.59% vs 21.95%, P = 0.145).
[12]
This result is consistent with previous research
on ETV monotherapy. Moreover, we observed that
PegIFNα-2a was effective even after treatment was
[9]
terminated. The OSST study confirmed higher
HBeAg seroconversion rates in the PegIFNα-2a group
compared with the ETV group (14.9% vs 6.1%, P =
0.0467). The differences in HBeAg seroconversion
between the two groups were not significant, possibly
because of the small sample size in our study.
HBsAg loss is considered the ultimate longterm goal of antiviral therapy by the Asian Pacific
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Figure 5 The hepatitis B envelope antigen seroconversion proportion
after treatment baseline at different levels of hepatitis B surface antigen
at week 24 during pegylated interferon α-2a sequential therapy. HBsAg:
Hepatitis B surface antigen.

Figure 6 The proportion of hepatitis B surface antigen loss after treatment
with pegylated interferon α-2a at different levels of hepatitis B surface
antigen at week 24. HBsAg: Hepatitis B surface antigen.
[20]

Association for the Study of the Liver, EASL, and the
[5,13,14]
American Association for the Study of the Liver
.
However, achieving HBsAg loss and sustained
virological and serological responses is difficult with
general treatment using NAs. The median number
of years of NA treatment required for HBsAg loss is
[15]
52.2 years (interquartile range: 30.8-142.7) . In
our study, 50% of patients exhibited a reduction of
HBsAg levels to less than 100 IU/mL after PegIFNα2a therapy, and 86.36% of patients had HBsAg
levels < 1500 IU/mL. The level of serum HBsAg was
predominantly and closely associated with intrahepatic
[16]
cccDNA levels . HBsAg levels < 100 IU/mL at the
end of the treatment indicated a sustained response
[17]
to NA-induced HBeAg seroconversion . At the 3-year
post-treatment follow-up, 52% of the patients with
HBsAg levels < 10 IU/mL at the end of treatment
[18]
achieved HBsAg loss . Moreover, IFN has both
antiviral and immunomodulatory effects, and thus
decreases the amount of cells containing the HBV
intrahepatic cccDNA molecule, which is required for
[6]
sustained, chronic HBV infection . Therefore, patients
switching to PegIFNα-2a might achieve permanent
HBeAg seroconversion and even achieve HBsAg loss
to reach the ideal endpoint of therapy. Experts have
suggested that to resolve long-term medication
problems, and achieve higher HBeAg seroconversion,
HBsAg loss and sustained response after treatment
termination, NA-treated CHB patients should receive
[7]
the combination therapy or switch to PegINF .
[19]
Shouval et al
demonstrated that after 48 wk
of ETV treatment alone and 24 wk of follow-up, the
virological relapse rate was 97%, and 39% of patients
had serum ALT of less than 1 × ULN. Additionally, Seto
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et al
indicated that after 24 and 48 wk of entecavir
treatment, 74.2% and 91.4% of patients suffered
[21]
recurrent viremia. Chaung et al
reported that
90% of patients experienced virological relapse once
they discontinued NA therapy. In the present study,
during the 24-wk follow-up, none of the patients who
switched to PegIFNα-2a became HBV-DNA positive or
had abnormal serum AST or ALT.
During the follow-up period, one of the patients in
the PegIFNα-2a group who exhibited HBsAg loss at the
end of the 48 wk of treatment became HBsAg-positive
and exhibited an increased level of HBsAg. During
the 24-wk follow-up period, this patient maintained
normal hepatic function, and the level of HBV-DNA
was below the detection limit of 0.67 IU/mL cccDNA
remaining in the liver cells of patients who undergo
[22]
HBsAg loss . Additionally, in HBsAg-loss patients,
the median interval between HBV DNA measurements
was 48 mo. The viral load in the extrahepatic reservoir
[22]
decreases with time . Therefore, we considered
the patient to be at a persistent low HBsAg level and
closely monitored the patient’s liver function and HBV
DNA levels.
HBeAg seroconversion and lower HBsAg levels
can reduce the incidence of liver cirrhosis and liver
[23,24]
cancer
. Compared with ETV monotherapy,
PegIFNα-2a not only increased the serological
conversion rate, but also produced an ideal effect
after treatment termination, which has a persistent
influence on the immune function of patients who
achieved HBeAg seroconversion. Additionally, IFN
prevents the formation of HBV proteins and depletes
the intrahepatic cccDNA pool, which results in further
[10]
HBsAg loss compared with ETV alone .
Therefore, the results indicated that the application
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Table 3 Predictors of response to PEGylated interferon-α-2a using baseline parameters and hepatitis B surface antigen levels at
week 24
HBsAg loss at week 48
HBsAg level < 1500 IU/mL at baseline
HBsAg level ≥ 1500 IU/mL at baseline
HBeAg-positive at baseline
HBeAg-negative at baseline
HBsAg level < 1500 IU/mL at week 24
HBsAg level ≥ 1500 IU/mL at week 24

HBeAg seroconversion at week 48

n

P value

n

P value

5/12 (41.67%)
2/32 (6.25%)
5/29 (17.24%)
2/15 (13.33%)
7/19 (36.84%)
0/25 (0)

0.0161

10/16 (62.5%)
5/28 (17.86%)
8/17 (47.06%)
7/27 (25.93%)

0.0071

1.0001
0.0041

0.2661

1

Continuity correction, α = 0.05. HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen.

of PegIFNα-2a induces a strong cccDNA decline and
low serum levels of HBsAg, thus reducing the relapse
rate of CHB patients after treatment termination
and improving immune control and safe treatment
termination.
[25]
[26]
Santantonio et al and Marcellin et al
reported
that HBsAg loss and seroconversion rates did not differ
significantly between lamivudine monotherapy and
combined PegIFNα-2a therapy in patients who were
[27]
HBeAg-negative. Janssen et al also indicated that
HBeAg loss or seroconversion rates were similar after
lamivudine monotherapy and combined PegIFNα-2a
therapy in HBeAg-positive patients. However, these
reports did not focus on NA-treated CHB patients.
Therefore, additional clinical cases must be analyzed
to determine if INF monotherapy directly, or the
combined NA and interferon treatment, is superior for
NA-treated CHB patients.
The level of HBsAg in the patients who were HBeAgnegative or HBeAg-positive was not related to the
curative effect in the PegIFNα-2a group (P > 0.05).
The lower the HBsAg level at baseline, the higher
the HBeAg seroconversion and HBsAg loss rates
at week 48. We speculated that the efficacy of 48
th
wk of treatment based on HBsAg levels at the 24
wk of therapy would produce a HBsAg loss rate of
up to 36.84% (P < 0.05) in patients with a serum
HBsAg level < 1500 IU/mL, and the efficacy was not
determined by HBeAg seroconversion (P > 0.05).
The HBsAg loss rate of the patients with serum
HBsAg levels < 1500 IU/mL in our trial was obviously
[9]
higher than that observed in the OSST study (44.44%
vs 25%), which may be related to the lower baseline
HBV DNA levels (< 500 IU/mL) and longer ETV
combination to ensure persistent virus inhibition. There
are no unified clinical recommendations on how long
NAs and PegIFNα-2a therapy should administered. The
benefits of prolonged treatment with ETV or extended
PegIFNα-2a treatment in patients with higher serum
HBsAg levels at baseline require further clinical
observation.
This study has some limitations, such as the small
sample size, which prevented deeper analysis of the
relationship between HBsAg levels and curative effect
after 48 wk of therapy. CHB is a chronic disease;
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therefore, the follow-up period of only 24 wk was
relatively short. The prognosis of patients requires
longer follow-up times and further observation.
In conclusion, brief treatment of NA-treated CHB
patients with a combination of NAs and PegIFNα-2a
could achieve highly potent treatment termination
safely, with a minimal risk of long-term resistance.
Based on the initial serum HBsAg level in NA-treated
CHB patients, we could select superior patients to
switch to PegIFNα-2a and, according to the levels of
HBsAg at 24 wk of treatment, adjust the treatment
to continue with PegIFNα-2a or switch to NAs. This
protocol has an important and significant effect on
achieving treatment termination safely and with
immune control.

COMMENTS
COMMENTS
Background

Hepatitis B virus (HBV) infection is a significant clinical problem globally: it is
estimated that approximately 240 million individuals are chronically infected
with HBV worldwide. Therefore, standardized antiviral treatment, including
nucleos(t)ide analogues (NAs) and interferon (IFN) is required to improve the
prognosis of chronic hepatitis B (CHB). NA-treated CHB patients who switch
to IFN have been reported to achieve higher rates of sustained virological and
serological responses than those continuing with NA monotherapy. However,
supporting medical evidence from clinical trials or clinical, real-life data are
lacking.

Research frontiers

Recent research has focused on combination therapy with IFN and NAs to
exploit the antiviral and immune regulation effects of these drugs. However,
there are very few clinical studies about this combination worldwide, especially
in China. This research investigated the efficacy of switching to IFN in
NA-treated CHB patients.

Innovations and breakthroughs

NAs are used widely in CHB treatment in China. Not all patients are willing to
continue taking NAs continuously. The European Association for the Study of
the Liver indicated that IFN therapy is the preferred treatment option for CHB
patients who achieve a sustained response after therapy. This research focused
on the efficacy of a combination therapy with IFN and NAs. The authors
analyzed different monitoring methods for NA-treated CHB patients switching to
IFN, which has an important and significant effect on choosing suitable patients
and estimating the risk of long-term resistance in treatment termination.

Applications

Medical evidence from clinical trials helps clinicians choose different types
of standardized antiviral treatment for different CHB patients. The present
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research showed that brief treatment of NA-treated CHB patients with a
combination of NAs and pegylated interferon-α-2a (PegIFNα-2a) could achieve
highly potent treatment termination safely, with a minimal risk of long-term
resistance.

10

Terminology

Currently, standardized antiviral treatment includes nucleoside NAs and IFN.
Treatment of CHB has a clear treatment course with IFN. However, CHB
patients need to take NA for a long and undefined time because NAs cannot
eliminate the virus completely. CHB patients treated with Entecavir (ETV) have
a chance of HBeAg seroconversion at least 48 wk and show decreased serum
alanine aminotransferase and aspartate aminotransferase levels. However,
ETV cannot decrease the HBsAg level nor sustain virological and serological
responses after therapy, luckily, IFN helps to fill this gap.

11

12

Peer-review

In this paper, the authors investigated the efficacy and safety of switching CHB
patients successfully treated with Entecavir to PegIFNα-2a NA-treated. The
topic is of great interest. In fact, in recent years several attempts have been
performed to transform a “long-life” treatment with NAs to a treatment of a “finite”
duration. The paper is well written and can be considered for publication after
minor revisions.
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Abstract
AIM
To determine the incidence of hepatocellular carcino
ma (HCC) and the impact of HCC surveillance on early
diagnosis and survival of cirrhotic outpatients.
METHODS
In this retrospective cohort study, cirrhotic outpatients
undergoing HCC surveillance between March 2005 and
March 2014 were analyzed. Exclusion criteria were HIV
coinfection; previous organ transplantation; diagnosis
of HCC at first consultation; missing data in the medical
chart; and less than 1 year of follow-up. Surveillance
was carried out every six months using ultrasound
and serum alpha-fetoprotein determination. Ten-year
cumulative incidence and survival were estimated
through Kaplan-Meier analysis.
RESULTS
Four hundred and fifty-three patients were enrolled,
of which 57.6% were male. Mean age was 55 years.
Hepatitis C virus and heavy use of alcohol were the
main etiologic agents of cirrhosis. HCC was diagnosed
in 75 patients (16.6%), with an estimated cumulative
st
th
incidence of 2.6% in the 1 year, 15.4% in the 5
th
year, and 28.8% in the 10 year. Median survival was
estimated at 17.6 mo in HCC patients compared to 234
mo in non-HCC patients (P < 0.001). Early-stage HCC
was more often detected in patients who underwent
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surveillance every 6 mo or less (P = 0.05). However,
survival was not different between patients with early
stage vs non-early stage tumors [HR = 0.54 (0.15-1.89),
P = 0.33].
CONCLUSION
HCC is a frequent complication in patients with cirrhosis
and adherence to surveillance programs favors early
diagnosis.
Key words: Liver cirrhosis; Hepatocellular carcinoma;
Epidemiology; Surveillance; Survival
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective cohort chart review
study provides novel data regarding the incidence of
hepatocellular carcinoma (HCC) in the South of Brazil.
Of 453 patients with cirrhosis attending a specialized
reference clinic between March 2005 and March
2014, 75 (16.6%) developed HCC, with a cumulative
st
th
incidence of 2.6%, 15.4% and 28.8% in the 1 , 5 ,
th
and 10 year respectively. Early-stage HCC was more
often detected in patients undergoing strict surveillance
every 6 mo. Results from this study highlight the need
for strict surveillance programs favoring early diagnosis
and, probably, a better prognosis.
Appel-da-Silva MC, Miozzo SAS, Dossin IA, Tovo CV, Branco F,
Mattos AA. Incidence of hepatocellular carcinoma in outpatients
with cirrhosis in Brazil: A 10-year retrospective cohort study.
World J Gastroenterol 2016; 22(46): 10219-10225 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i46/10219.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i46.10219

INTRODUCTION
Liver cancer is the second leading cause of cancer
death worldwide; it is also the fifth most common
cancer in men and the ninth in women. In 2012, an
estimated 782000 new cases of liver cancer occurred
[1]
in the world, with report of 745000 deaths . Among
primary liver malignancies, hepatocellular carcinoma
(HCC) accounts for 70%-85% of cases, and is associated
with chronic liver disease and/or cirrhosis in 70%-90%
[2,3]
of cases .
The burden of HCC varies with geographic location,
[3]
especially when associated with cirrhosis . Around
80% of cases occur in developing countries, and 55%
[4]
in China alone . In highly endemic areas, such as subSaharan countries and Asia, the annual incidence rate
[4-6]
is around 30/100000 population
. Mediterranean
countries (Italy, Spain and Greece) report intermediate
incidence rates, with 10-20 cases/100000/year. An
increase in the burden of HCC in low-incidence areas
(Australia, North America, South America, and United
Kingdom), with fewer than 5 cases/100000/ year, has
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also been recently noted. In these areas, the growing
prevalence of hepatitis C virus (HCV) infection, alcohol
consumption, and nonalcoholic fatty liver disease (NAFLD)
are the main causes underlying the increasing number
[2,3,7-11]
of HCC cases
.
In Latin America, limited data are available on the
incidence and population characteristics of patients
[12]
with HCC . In Brazil, a national epidemiological survey
[13]
sponsored by the Brazilian Society for Hepatology
evaluated 1405 patients with HCC in 29 centers across
the country. Using the Barcelona Clinic Liver Cancer
[14]
(BCLC) staging classification , 43% of the individuals
were diagnosed with early stage tumors; 35% with
intermediate stage tumors; and 22% with advanced
stage tumors. Also, 98% had cirrhosis, which was
caused by HCV in 39% and heavy use of alcohol in
14%. In the South of Brazil, HCV has been identified
[15]
as the main etiologic factor of cirrhotic outpatients .
Screening and surveillance of HCC using abdominal
ultrasound have been shown to detect tumors at an
earlier stage, increasing the odds of treatment and the
adherence of health care services to current practice
[16-19]
guidelines
. Nevertheless, epidemiological studies
in the United States have shown that only 12% to
[20,21]
78.8% of patients receive routine surveillance
;
possible barriers to screening and surveillance include
socioeconomic factors and the lack of specific health
[22]
policies for HCC .
The objective of the present study was to de
termine the incidence of HCC and the impact of HCC
surveillance on early diagnosis and survival of cirrhotic
outpatients attending a tertiary hospital clinic in the
South of Brazil.

MATERIALS AND METHODS
We carried out a retrospective cohort chart review
study including all patients aged 18 years or older
diagnosed with cirrhosis attending a specialized re
ference clinic (Complexo Hospitalar Santa Casa, Porto
Alegre, Brazil) between March 2005 and March 2014.
Exclusion criteria were HIV coinfection, previous organ
transplantation, diagnosis of HCC at the first clinic
appointment, incomplete medical records, or followup of less than 1 year. The diagnosis of cirrhosis was
based on clinical, laboratory, and on ultrasonographic
and/or upper GI endoscopic features. Those patients
whose diagnosis remained inconclusive, percutaneous
liver biopsy were carried out.
All patients underwent screening and surveillance
for HCC, with abdominal ultrasound and serum alphafetoprotein (AFP) determination every 6 mo. Computed
tomography (CT) or abdominal magnetic resonance
imaging (MRI) with contrast were performed in all
patients with evidence of nodular lesion measuring ≥
[23]
1 cm in diameter on ultrasound .
HCC diagnosis was based on typical findings on
contrast-enhanced CT or abdominal MRI - early arterial
phase enhancement followed by rapid washout at the
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and the Statistical Package for the Social Sciences v.
®
22.0 (IBM SPSS) was used for analysis of results. The
normality of data distribution was determined using
the Kolmogorov-Smirnov test. Quantitative variables
with normal distribution were expressed as mean
and standard deviation; variables with non-normal
distribution were expressed as median and interquartile
range. Simple and relative frequencies were used for
categorical variables.
The research protocol was approved by the Research
Ethics Committee at Universidade Federal de Ciências
da Saúde de Porto Alegre (protocol 367511/2011,
approval report 14/2014).

Alpha-fetoprotein (ng/mL)

100000.00
10000.00
1000.00
100.00
10.00
1.00
0.00
Without HCC
n = 286

With HCC
n = 57

Figure 1 Log-transformed alpha-fetoprotein values at the end of the study
in patients with and without hepatocellular carcinoma.

RESULTS

late portal/venous phase. Inconclusive cases were
[23]
referred for biopsy and histological evaluation . Pa
tients with a diagnosis of HCC were classified according
[
to BCLC criteria 14].
All charts were reviewed for selection of study
variables and outcomes during the study period,
considering the data available for the first and the last
consultations. The following variables were analyzed:
[24]
age, sex, etiology of liver disease, Child-Turcotte-Pugh
[25]
score, Model for End-Stage Liver Disease score , use
of statins, and serum levels of AFP.
The establishment of alcohol consumption was
made through self-report of regular drinking, in a
daily basis. Heavy use of alcohol was considered when
alcohol consumption was greater than 40 g per day for
men and women.
All patients received specialized treatment according
to the etiology of liver disease and risk factors identified.
Obese and/or NAFLD patients were referred to a
Clinical Nutrition outpatient clinic. Those with alcohol
dependency were headed for a public specialized
psychiatric service and encouraged to attend support
groups to stop drinking.
The patients were divided into two groups: with
or without HCC. To compare the groups in terms of
continuous variables with normal distribution, Student’s
t test was used. Mann-Whitney’s test was used for com
parison of variables with non-Gaussian distribution.
2
For the comparison of categorical variables, the χ
test and Fisher’s exact test were used. To evaluate the
performance of AFP as a diagnostic tool, in patients
with HCC, sensitivity, specificity, post-test probability,
and likelihood ratio were calculated for different serum
level ranges. These data were also represented as ROC
curves and box plots generated with log-transformed
values. Kaplan-Meier analysis was performed to
examine cumulative incidence and survival in the
10-year follow-up period, with statistical significance
calculated using the log-rank test. HR with 95%CI was
calculated using a Cox regression model. Significance
level was set at α = 5%.
®
Microsoft Office Excel 2010 was used to store data,

Of 738 eligible patients, the following were excluded:
105 with incomplete medical records, 88 with noncirrhotic portal hypertension, 54 who were lost
to follow-up, and 14 with HIV co-infection. Of the
remaining 477 cirrhotic patients, 24 were diagnosed
with HCC at the first clinic appointment and were
thus excluded from the study. Thus, the final sample
included 453 patients.
During follow-up, 75 patients (16.6%) were dia
gnosed with HCC. Median follow-up for this group was
15.7 mo. Among the 378 patients who did not develop
HCC, median follow-up was 58.4 mo. Table 1 shows
demographic and clinical data of the groups with and
without HCC.
AFP levels were available for 343 patients, of which
57 had a diagnosis of HCC (16.7%). Baseline and endof-study AFP levels were significantly different between
patients with and without HCC. Stratification of serum
AFP levels into four ranges (Figure 1 and Table 2)
revealed a trend for AFP > 20 ng/mL to predict HCC.
The highest diagnostic probability was observed for
AFP levels ≥ 50 ng/mL (Table 2). Accuracy of AFP was
measured by the area under the ROC curve, whose
value was 0.769 (95%CI: 0.70-0.84).
The 10-year cumulative incidence of HCC was
analyzed using a Kaplan-Meier curve (Figure 2). During
this 10-year period, 453 patients were followed-up. The
st
estimated incidence of HCC was 2.6% in the 1 year,
th
th
15.4% in the 5 year, and 28.8% in the 10 year.
Among 419 patients who reported not using statins,
73 (17.4%) had HCC, vs only 1 patient among 34 using
statins (2.9%), P = 0.028.
Survival analysis showed median survival of 234
mo (19.5 years) for the group without HCC and 17.6
mo (1.5 year) for patients with HCC. At the end of 10
years, none of the HCC patients were alive, whereas
55.8% of the patients without HCC were still living (P
< 0.001, Figure 3).
BCLC staging of HCC at the time of diagnosis showed
early stage tumors in 40 (53.3%) patients, intermediate
stage tumors in 26 (34.6%) patients, and advanced
tumors in 9 (12%) patients. Only 50.7% of individuals
with HCC had undergone ultrasound surveillance every
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1.0

Table 1 Demographic and clinical characteristics of cirrhotic
outpatients attending a hospital clinic in the South of Brazil n
(%)

Age (yr)
Male sex
Cirrhosis etiology
HCV
Alcohol
HCV + alcohol
HBV
HBV + alcohol
NAFLD
Cryptogenic
Other
Baseline Child-Pugh
A
B
C
End-of-study Child-Pugh
A
B
C
Baseline MELD
End-of-study MELD
Baseline AFP, ng/mL
End-of-study AFP, ng/mL

HCC

Without HCC

n = 75

n = 378

54.9 ± 10.7
44 (58.7)

53.2 ± 12.2
217 (57.4)

35 (46.7)
16 (21.3)
15 (20.0)
2 (2.7)
0 (0.0)
1 (1.3)
1 (1.3)
5 (6.7)
n = 74
45 (60.8)
22 (29.7)
7 (9.5)
n = 75
30 (40.0)
25 (33.3)
20 (26.7)
n = 60
11.2 (6; 25)
n = 71
13.4 (6; 31)
n = 69
6.1 (3.7; 19.0)
n = 57
16 (4.9; 187.0)

132 (34.9)
93 (24.6)
74 (19.6)
3 (0.8)
5 (1.3)
7 (1.8)
12 (3.2)
52 (13.8)
n = 377
229 (60.7)
119 (31.6)
29 (7.7)
n = 367
168 (45.8)
127 (34.6)
72 (19.6)
n = 292
12.0 (6 ;27)
n = 330
13.1 (6; 45)
n = 261
4.0 (1.5; 8.0)
n = 286
4.0 (2.5; 7.8)

0.8
Cumulative survival

Characteristic

P value
0.23
0.90
0.27

Cumulative incidence

HR = 7.30
(95%CI: 4.69-11.35)
P < 0.001

0.2

12

24

36

48

60

72

84

96 108 120

Follow-up (mo)
Without HCC
With HCC
0.81

378 317 263 221 179 138 108 90
76 26
9
7
3
0
0 0

64
0

50
0

33
0

Figure 3 Kaplan-Meier cumulative survival curve in patients with hepa
tocellular carcinoma and 10-yr follow-up. HCC: Hepatocellular carcinoma.

0.38

or less (P = 0.05). However, survival was not different
between patients with early stage vs non-early stage
tumors [HR = 0.54 (0.15-1.89), P = 0.33].

0.12

DISCUSSION

0.65
0.01
< 0.001

0.5
0.4
0.3
0.2
0.1

12 24 36 48 60 72 84 96 108 120
Follow-up (mo)

Figure 2 Ten-year cumulative incidence of hepatocellular carcinoma in
cirrhotic outpatients.

6 mo. The analysis of tumor staging (early vs nonearly) according to frequency of ultrasound surveillance
showed a higher number of cases diagnosed with early
stage tumors in patients with surveillance every 6 mo
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0.4

0

0.6

0

0.6

0.0

Other, autoimmune hepatitis, primary biliary cholangitis, hemo
chromatosis, primary sclerosing cholangitis, alpha-1 antitrypsin deficiency;
MELD and AFP expressed as median and interquartile range (25%-75%).
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Nonalcoholic
fatty liver disease; MELD: Model for End-Stage Liver Disease; AFP: Alphafetoprotein.

0.0

Without HCC
With HCC

Given the impact of HCC incidence on patients with
cirrhosis, as well as the scarcity of data regarding this
population in Latin America, we set out to determine
the incidence of HCC and the role of a surveillance
program in a cohort of cirrhotic patients attending
an outpatient clinic in the South of Brazil, region pre
dominantly composed by European descendants.
In this study, 75 of 453 (16.6%) patients developed
HCC over 10 years - a higher incidence than the 8.1%
observed in a cohort followed-up in the Southeast of
[26]
Brazil . Data from other countries also reveal higher
incidences in various populations, such as 17.5% in
[27]
[28]
the United States
and 27% in an Italian cohort .
Because Brazil is a country of continental proportions,
the higher incidence detected in the South may be
explained by geographic and/or racial heterogeneity,
as well as specificities related to risk factors and access
to health care services for screening, diagnosis, and
follow-up. The predominance of the male sex and the
mean age at diagnosis were similar to those described
[13,29,30]
[12,31,32]
in other national
and international
studies.
In the present study, the etiology of liver disease
was similar in patients with or without HCC, with HCV
and alcohol being the main etiologic agents. In Brazil,
chronic HCV infection and alcohol consumption are
[33,34]
a major public health problem
; nevertheless,
in some regions HBV is still an important cause of
[35]
[36]
cirrhosis and HCC . Llovet et al have shown that in
Europe and North America, HCV and alcohol are more
frequently associated with HCC than HBV, differently
than what occurs in Asia and Africa.
The establishment of surveillance programs for
patients with chronic liver disease gained momentum
[37]
after the study by Zhang et al , which showed that

10222

December 14, 2016|Volume 22|Issue 46|

Appel-da-Silva MC et al. Incidence of HCC in cirrhotic patients
Table 2 Pre-test probability, likelihood ratio, post-test probability, sensitivity, and specificity of alpha-fetoprotein ranges to predict
hepatocellular carcinoma
AFP level (ng/mL)
< 6.0
6-19.9
20-50
> 50

Pre-test probability

LR+

Post-test probability

Sensitivity

Specificity

16.60%
16.60%
16.60%
16.60%

0.50
1.00
1.31
10.03

9.1%
16.6%
20.8%
66.8%

66.7%
45.6%
35.1%
35.1%

66.3%
89.3%
96.1%
96.1%

LR: Likelihood ratio; AFP: Alpha-fetoprotein.

performing abdominal ultrasound and AFP testing
every 6 mo was capable of identifying patients in
earlier stages of the disease, increasing survival in up
to 37% of cases.
A major objective of follow-up of patients with
cirrhosis is the screening and surveillance of HCC
according to various consensus statements and guide
[31,38-40]
[41]
lines
. Brazilian Society for Hepatology
has
recently recommended the performance of abdominal
ultrasounds every 6 mo, with measurement of AFP
strictly in sites where physicians who are experienced
in ultrasound are not available.
AFP was recognized in the 1970s as a tumor marker
for diagnosis of HCC. This biomarker lost ground after
many studies showed low sensitivity and specificity
for detection of early stage tumors, leading to the
exclusion of AFP dosing from the main consensus
[31,38,40]
statements
. Despite the debate, the Asian Pacific
Association for the Study of the Liver and the Japan
Society of Hepatology kept the recommendation for
serial AFP measurement, based on the understanding
that this information could complement ultrasound
[39,42]
surveillance
. In any case, it is well recognized that
AFP may play an important prognostic role in the followup of these patients, since high AFP levels may signal
more aggressive, multifocal tumors associated with
[43]
venous portal thrombosis and/or metastases .
In the present study, serum AFP levels were higher
in patients with HCC than in those without HCC. Never
theless, the absence of a cutoff point with satisfactory
sensitivity and specificity to detect HCC compromises
the usefulness of this test. We believe that AFP dosing
is more valuable to establish HCC prognosis than HCC
[44]
diagnosis .
The incidence of HCC has been increasing globally,
especially in the West, as a consequence of the obesity
epidemic and of the growing number of patients with
[45]
chronic liver disease . In our cohort, cumulative HCC
st
th
incidence was 2.6%, 15.4%, and 28.8% in the 1 , 5 ,
th
and 10 year respectively, which is similar to the data
[27,46]
reported for other cirrhotic cohorts
.
We observed that more patients were diagnosed
with early stage HCC, as determined by BCLC criteria,
in the presence of ultrasound monitoring at 6-mo
intervals, even if survival was similar in this group,
as compared to the group submitted to surveillan
ce ultrasound at broader intervals. The difficulty in
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demonstrating increased survival associated with
surveillance programs involves ethical issues relating
to the performance of randomized, controlled trials. In
this cohort, despite the lower survival of HCC patients
vs those with cirrhosis and without HCC, there was
no difference between those who underwent strict
[28]
surveillance and those who did not. Sangiovanni et al
successfully demonstrated increased survival in cirrhotic
patients with HCC undergoing surveillance between
1985 and 2011.
Interestingly, we observed a negative association
between use of statins and development of HCC. Even
though this might be a chance finding, given the low
number of patients using this medication, previous
studies have reported an effect of statins on patients
[47-54]
with chronic liver disease
. All these previous works
[48]
have described a protective effect. In fact, Chiu et al
described a reduction of 38% in the risk of HCC in
patients from a surveillance program.
In conclusion, the findings of the present study
underscore the high incidence of HCC in individuals with
cirrhosis, highlighting the importance of stimulating
the adherence of health care services and patients to
surveillance programs.
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Abstract
AIM
To evaluate magnitude/direction of changes in peri
pheral lipid profiles in patients undergoing direct acting
therapy for hepatitis C by genotype.
METHODS
Mono-infected patients with hepatitis C were treated
with guideline-based DAAs at a university-based liver
clinic. Patient characteristics and laboratory values
were collected before and after the treatment period.
Baseline demographics included age, ethnicity, hyper
tension, diabetes, hyperlipidemia, treatment regimen,
and fibrosis stage. Total cholesterol (TCHOL), high
density lipoprotein (HDL), low density lipoprotein
(LDL), triglycerides (TG), and liver function tests were
measured prior to treatment and ETR. Changes in lipid
and liver function were evaluated by subgroups with
respect to genotype. Mean differences were calculated
for each lipid profile and liver function component
(direction/magnitude). The mean differences in lipid
profiles were then compared between genotypes for
differences in direction/magnitude. Lipid profile and
liver function changes were evaluated with Levene’s test
and student’s t test. Mean differences in lipid profiles
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[2,3]

were compared between genotypes using ANOVA, post
hoc analysis via the Bonferroni correction or Dunnett T3.
RESULTS
Three hundred and seventy five patients enrolled with
321 (85.6%) achieving sustained-viral response at 12
wk. 72.3% were genotype 1 (GT1), 18.1% genotype 2
(GT2), 9.7% genotype 3 (GT3). Baseline demographics
were similar. Significant change in lipid profiles were
seen with GT1 and GT3 (ΔGT1, p and ΔGT3, p), with
TCHOL increasing (+5.3, P = 0.005 and +16.1, P <
0.001), HDL increasing (+12.5, P < 0.001 and +7.9, P
= 0.038), LDL increasing (+7.4, P = 0.058 and +12.5, P
< 0.001), and TG decreasing (-5.9, P = 0.044 and -9.80
P = 0.067). Among genotypes (ΔGT1 v. ΔGT2 v. ΔGT3,
ANOVA), significant mean differences were seen with
TCHOL (+5.3 v. +0.1 v. +16.1, P = 0.017) and HDL
(+12.3 v. +2 v. +7.9, P = 0.040). Post-hoc, GT3 was
associated with a greater increase in TCHOL than GT1
and GT2 (P = 0.028 and P = 0.019).
CONCLUSION
Successful DAA therapy results in increases in TCHOL,
LDL, and HDL and decrease in TG, particularly in GT1/
GT3. Changes are most pronounced in GT3.
Key words: Hepatitis C genotypes; Lipids; Metabolic
syndrome
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Different genotypes of the hepatitis C virus
(HCV) are associated with differing levels of hepatic
steatosis, with genotype 3 (GT3) having the strongest
direct association. In this investigation, change in
peripheral lipid panels during direct-acting antiviral
therapy were assessed in a large HCV treatment cohort
with respect to genotype. Total cholesterol in patients
with GT3 increased significantly during treatment
compared to other genotypes. Associated steatosis and
differing lipid kinetics may influence response rates to
direct acting therapy and may also influence genotype
specific risks of hepatic and systemic complications.
Pedersen MR, Patel A, Backstedt D, Choi M, Seetharam AB.
Genotype specific peripheral lipid profile changes with hepatitis
C therapy. World J Gastroenterol 2016; 22(46): 10226-10231
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10226.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10226

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is associated
[1]
with hepatic steatosis and hypocholesterolemia .
HCV utilizes peripheral lipid metabolism pathways
including hepatocyte very-low-density lipoprotein for
viral assembly and requires several apolipoproteins
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for production of infective particles . Chronic HCV
increases levels of hepatic steatosis independent of
other classical risk factors for non-alcoholic fatty liver
[1]
disease . The magnitude of this effect varies by geno
type. Genotype 3 (GT3) in particular is associated with
a primary hepatic steatosis that appears to correlate
directly with viral load while genotype 1 (GT1) and 2
(GT2) have less pronounced secondary steatosis related
[1-3]
to increased insulin resistance and body mass index .
Successful clearance of HCV viremia with immuno
modulatory therapy (pegylated interferon and ribavirin)
has been associated with a rise in serum total cho
[4]
lesterol (TCHOL) and low density lipoprotein (LDL) . In
[5]
the post-interferon era, Meissner et al demonstrated
that patients with chronic HCV GT1 treated with
sofosbuvir and ribavirin had increases in their serum
LDL and decrease in serum triglyceride (TG).
Peripheral lipid profile changes during treatment for
non-genotype 1 infection with DAA therapy are thus
far uncharacterized. The purpose of this study was to
examine effects of DAA therapy on serum TCHOL and
peripheral lipid components and evaluate differences in
responses among HCV genotypes.

MATERIALS AND METHODS
Ethical considerations

This study was reviewed and approved by the Banner
University Medical Center - Phoenix Institutional Review
Board. While data was collected prospectively, all
patients were monitored in accordance with American
Association for the Study of Liver Disease and Infectious
Diseases Society of America hepatitis C guidelines. As
there was no deviation from standard of care, need for
informed consent for the prospective study was waived
by the institutional review board.

Study design

We performed a prospective cohort study of consecu
tively-enrolled mono-infected HCV patients achieving
sustained virologic response at 12 wk (SVR12) treated
at Banner University of Arizona Medical Center in
Phoenix, Arizona from January 2014 to November 2015.
After institutional review board approval, outpatient
medical records were reviewed and variables of interest
tabulated.

Treatment regimens

All patients were treated according to the American
Association for the Study of Liver Diseases and the
Infectious Diseases Society of America guidelines
active at the time of treatment initiation. Consecu
tively enrolled subjects received one of the following
treatment regimens: pegylated Interferon alfa 2a
+ sofosbuvir + ribavirin; sofosbuvir + ribavirin;
sofosbuvir + simeprevir; or ledipasvir + sofosbuvir.
When applicable, ribavirin was dosed by weight, 1000
mg total daily dose if weight < 75 kg or 1200 mg total
daily dose if > 75 kg.
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Baseline demographics

Baseline demographics were recorded prior (within 30
d prior) to regimen initiation including: age, ethnicity,
treatment regimen, and fibrosis stage as well as the
presence of hypertension, diabetes, and hyperlipidemia
prior to treatment. Liver function tests [including alanine
aminotransferase (ALT), total bilirubin, and albumin] as
well as the protime/International Normalized Ratio (INR)
were recorded before and after treatment. Fibrosis
stage was assessed via FibroSure serum testing
(Laboratory Corporation of American, Herdon, Virginia)
or liver biopsy. Presence of hypertension, diabetes,
and hyperlipidemia prior to treatment was determined
based on documentation of formal diagnosis in the
medical record and concomitant medications regimens
indicative of the diagnosis (e.g., insulin use was con
sidered indicative of diabetes). Medication lists were
monitored prior to and after the end of treatment for
any new or discontinued medications.

Metabolic measurements

Per protocol in the Liver Clinic at Banner University
of Arizona Medical Center in Phoenix, Arizona, fasting
lipid profiles, including TCHOL, high density lipoprotein
(HDL), LDL, and TG low density were measured prior
to treatment and at the end of treatment (within one
month). Testing was performed via commercially
available assays with Laboratory Corporation of America
(Phoenix, Arizona) and Sonora Quest Laboratories
(Tempe, Arizona). Metabolic variables were measured
at two different time points: (1) prior to treatment
(start); and (2) completion of treatment regimen (end
of treatment response-ETR).

Response to treatment

End of treatment response and SVR12 were bio
chemically defined by an undetectable or below the
lower limit of quantification HCV RNA PCR quantitative
assay (Laboratory Corporation of America, Phoenix,
Arizona and Senora Quest Laboratories, Tempe,
Arizona). Liver enzyme and function tests (including
ALT, total bilirubin, and albumin) as well as the protime/
INR were recorded before and after treatment using
standardized assays at these same laboratories.

Statistical analysis

Baseline demographics by genotype were compared
using descriptive statistics including chi square analysis
for categorical variables and one-way ANOVA for
continuous variables. Patients not achieving SVR12
were excluded. Changes in lipid profile and liver function
tests were evaluated for significance with Levene’s test
of equal variances and the paired t test.
Mean differences were calculated for each com
ponent of the lipid profile within each genotype from
treatment start to end. Mean differences were compared
among genotypes for differences in direction/magni
tude by total population and patients with cirrhosis
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and non-cirrhosis independently using ANOVA. When
significant differences were present, post-hoc analysis
was performed using the Bonferroni correction (when
equal variances assumed) or Dunnett T3 (when equal
variances not assumed) to determine the significantly
different pairs. Significance was set at P < 0.05.
Subgroup analysis of the changes in lipid profiles was
performed separately for cirrhotics and non-cirrhotics by
genotypes.
SPSS software (Statistical Product and Services
Solutions, version 22, Chicago, IL, United States) was
used for statistical analyses. All authors had access to
the study data and had reviewed and approved the
final manuscript.

RESULTS
Study population

A total of 375 patients were enrolled, of which 321
(85.6%) achieved SVR12 and were included in the
study. Of these, 232 (72.3%) had G1, 58 (18.1%) had
G2, and 31 (9.7%) had G3. Baseline demographics
(Table 1) were similar, including prevalence of diabetes,
hypertension, and hyperlipidemia. Incidence of cirrhosis
was significantly higher in the G2 group (56.9%) than
the G3 group (45.2%). During DAA therapy, serum
albumin increased and ALT decreased across all geno
types (all P < 0.01). Serum INR improved only in G2 (P
< 0.001) (Table 2).

Changes in peripheral lipid profiles during DAA therapy
stratified by cirrhosis

On analysis by genotype, significant changes in lipid
profiles were seen with GT1 and GT3. In GT1, TCHOL
increased from 156.9 to 162.2 mg/dL (P = 0.005), LDL
increased from 80.2 to 87.6 mg/dL (P = 0.058), HDL
increased from 51.6 to 63.6 mg/dL (P < 0.001), and
TG decreased from 114.6 to 108.7 mg/dL (P = 0.044).
In GT3, TCHOL increased from 141.5 to 157.6 mg/dL
(P < 0.001), HDL increased 45.4 to 53.3 mg/dL (P =
0.038) and LDL increased from 81.4 to 93.9 mg/dL
(P < 0.001). No significant changes were seen for
GT2. These trends were consistent irrespective of the
presence or absence of cirrhosis (Table 3). In the total
population, absolute pre-treatment TCHOL was lowest
in GT3 (P = 0.032), however similar between all three
groups at the end of treatment (P = 0.81).

Differential effects in peripheral lipid profile based on
genotype

On post-hoc comparison of the mean differences in
lipid profiles between genotype (GT1 vs GT2 vs GT3, p),
significant changes were seen in the total population
with TCHOL (+5.3 mg/dL vs +0.1 mg/dL vs +16.7
mg/dL, P = 0.017) and HDL (+12.3 mg/dL vs +2
mg/dL vs +7.9 mg/dL, P = 0.049) (Table 4). GT3 was
associated with a greater increase in TCHOL than both
GT1 (P = 0.028) and GT2 (P = 0.019). There was no
significant difference in HDL changes between paired
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Table 1 Baseline demographics n (%)

Number of patients
Age (yr)
Gender (male)
Ethnicity
Caucasian
African American
Hispanic
Asian
Other
Diabetes
Hypertension
Hyperlipidemia
Cirrhotic
Treatment
IFN + SOF + RBV
SOF + RBV
SOF + SMV
SOF + LDV

All

Genotype 1

Genotype 2

Genotype 3

321 (100)
57.7 ± 10.3
221 (68.8)

232 (72.3)
58.9 ± 9.5
160 (59.4)

58 (18.1)
55.5 ± 12.1
41 (61.2)

31 (9.7)
54.6 ± 10.8
20 (64.5)

229 (71.3)
19 (5.9)
55 (17.1)
16 (5.0)
2 (0.6)
79 (24.6)
132 (41.1)
59 (18.4)
150 (46.7)

171 (73.7)
18 (7.8)
32 (13.8)
9 (3.9)
2 (0.9)
59 (25.4)
105 (45.3)
44 (19.0)
103 (44.4)

40 (70.0)
1 (1.7)
13 (22.4)
4 (6.9)
0 (0.0)
14 (24.2)
22 (37.9)
12 (20.7)
33 (56.9)

18 (58.1)
0 (0.0)
10 (32.3)
3 (9.7)
0 (0.0)
6 (19.4)
5 (16.1)
3 (9.7)
14 (45.2)

25 (10.8)
57 (24.6)
42 (19.0)
140 (60.3)

0 (0.0)
58 (100)
0 (0.0)
0 (0.0)

0 (0.0)
31 (100)
0 (0.0)
0 (0.0)

P value
0.009
0.845
0.018

0.593
0.086
0.453
< 0.001

IFN: Pegylated interferon; SOF: Sofosbuvir; RBV: Ribavirin; SMV: Simeprevir; LDV: Ledipasvir.

Table 2 Changes in liver function tests
Genotype 1
Albumin (g/dL)
ALT (U/L)
Total Bilirubin (mg/dL)
INR

Genotype 2

Genotype 3

Start Tx

End Tx

P value

Start Tx

End Tx

P value

Start Tx

End Tx

P value

3.5 ± 0.6
70.2 ± 58.3
1.0 ± 0.8
1.1 ± 0.2

3.8 ± 0.6
31.7 ± 38.7
0.9 ± 0.8
1.1 ± 0.3

< 0.001
< 0.001
0.008
0.112

3.5 ± 0.5
68.7 ± 48.3
1.0 ± 0.9
1.1 ± 0.1

3.7 ± 0.6
26.4 ± 17.8
0.9 ± 0.9
1.0 ± 0.1

< 0.002
< 0.001
0.202
< 0.001

3.4 ± 0.5
101.9 ± 61.6
1.1 ± 0.7
1.1 ± 0.2

3.7 ± 0.6
30.7 ± 30.3
1.1 ± 0.8
1.1 ± 0.3

< 0.001
< 0.001
0.904
0.509

ALT: Alanine transaminase; INR: International Normalized Ratio.

Table 3 Changes in lipid profile by genotype in patients with cirrhosis and non cirrhosis
Total population
Genotype 1
T Chol
HDL
LDL
TG
Genotype 2
T Chol
HDL
LDL
TG
Genotype 3
T Chol
HDL
LDL
TG

Non-cirrhotics

Cirrhotics

Start Tx

End Tx

P value

Start Tx

End Tx

P value

Start Tx

End Tx

P value

156.9 ± 36.4
51.6 ± 18.5
80.2 ± 28.8
114.6 ± 56.0

162.2 ± 41.0
63.9 ± 32.8
87.6 ± 62.7
108.7 ± 56.0

0.005
< 0.001
0.058
0.044

169.9 ± 33.2
54.4 ± 19.5
87.1 ± 28.1
117.3 ± 55.1

175.7 ± 38.2
72.7 ± 36.4
91.8 ± 31.6
111.6 ± 57.6

0.046
< 0.001
0.091
0.27

146.4 ± 35.6
49.3 ± 17.2
74.6 ± 28.2
112.5 ± 56.6

151.4 ± 40.0
56.9 ± 27.6
84.2 ± 79.1
106.4 ± 56.5

0.052
0.002
0.15
0.070

162.9 ± 35.8
52.8 ± 18.6
86.7 ± 34.0
114.3 ± 64.1

163.0 ± 32.9
54.8 ± 20.0
87.4 ± 30.2
112.4 ± 65.8

0.99
0.39
0.82
0.73

174.2 ± 29.8
54.9 ± 17.4
95.3 ± 31.8
120.6 ± 68.4

173.7 ± 27.5
55.3 ± 17.4
96.4 ± 27.0
124.0 ± 74.2

0.91
0.88
0.82
0.72

148.2 ± 37.7
50.0 ± 19.7
75.4 ± 33.4
106.1 ± 59.7

148.9 ± 34.1
54.0 ± 23.0
75.7 ± 30.0
97.1 ± 48.6

0.90
0.28
0.93
0.078

141.5 ± 38.4
45.4 ± 15.1
81.4 ± 32.1
108.6 ± 47.5

157.6 ± 34.4
53.3 ± 16.6
93.9 ± 34.9
98.8 ± 41.2

< 0.001
0.038
< 0.001
0.047

161.4 ± 35.5
49.3 ± 14.0
92.5 ± 26.1
119.0 ± 58.6

181.5 ± 23.5
53.2 ± 14.3
110.4 ± 21.4
112.6 ± 47.1

0.001
0.37
0.003
0.36

125.1 ± 32.5
42.2 ± 15.3
72.2 ± 33.6
100.1 ± 33.4

137.9 ± 29.1
53.3 ± 18.2
80.3 ± 37.9
87.5 ± 31.2

0.025
0.065
0.045
0.12

All values expressed as mean ± SD. All units are in mg/dL. T Chol: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein; TG:
Triglycerides; Start Tx: Prior to treatment; End Tx: End of treatment.

genotypes on post-hoc analysis. In non-cirrhotics,
the trends were similar, with changes in TCHOL (+5.8
mg/dL vs -0.4 mg/dL vs +12.8 mg/dL, P = 0.066) and
in HDL (+18.2 mg/dL vs +0.5 mg/dL vs +11.1 mg/dL ,
P = 0.008). GT3 was associated with a greater increase
in TCHOL than GT2 (P = 0.048). Additionally, GT1 was
associated with a greater increase in HDL than GT2 (P
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= 0.012). In cirrhotics, there were no differences seen in
the changes in lipid profiles between genotype (Table 4).

DISCUSSION
Chronic hepatitis C infection is closely linked to lipid
metabolism via shared use of the classical secretory
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Table 4 Differential effect in lipid profile by genotype in patients with cirrhosis and non-cirrhosis
All patients
T Chol
HDL
LDL
TG

Non-cirrhotics

Cirrhotics

GT1

GT2

GT3

P value

GT1

GT2

GT3

P value

GT1

GT2

GT3

P value

5.3
12.3
-5.9
7.4

0.1
2.0
-1.1
2.1

16.1
7.9
-11.9
21.2

0.017
0.049
0.550
0.130

5.8
18.2
4.6
-5.7

-0.4
0.5
1.0
3.4

12.8
11.1
8.1
-12.6

0.066
0.008
0.150
0.650

5.0
7.6
9.7
-6.1

0.7
4.0
0.3
-9.0

20.1
4.0
17.9
-6.4

0.39
0.69
0.82
0.76

All values expressed as mean ± SD. All units are in mg/dL. T Chol: Total cholesterol; HDL: High density lipoprotein; LDL: Low density lipoprotein; TG:
Triglycerides; Start Tx: Prior to treatment; End Tx: End of treatment.
[2,6-8]

pathway
; however, specific viral/host protein
[9]
interactions require further elucidation . The link
between lipid metabolism and HCV was of particular
interest during the era of interferon-based treatment,
when components of the metabolic syndrome were
[10]
identified as negative predictors of achieving SVR .
However, medications aimed to optimize metabolic
syndrome conditions prior to antiviral treatment, such
as the PPAR-γ agonist pioglitazone and the 3-hydroxy3-methylglutaryl-coenzyme A reductase inhibitor
fluvastatin, yielded no significant improvement in SVR
[11-15]
rates with pegylated-interferon based therapy
.
Increase in serum cholesterol levels during HCV
infection has been demonstrated with successful HCV
treatment. Previously identified changes in peripheral
[4,16-18]
lipid profiles included increases in TCHOL and LDL
.
[16,19]
It has also been associated with increases in HDL
,
[4,17]
though not in all studies
. In our study, we found that
treatment with DAA resulted in increases in TCHOL,
LDL, HDL as well as a decrease in TGs in GT1, and
increases in TCHOL, HDL, and LDL in GT3. Changes
occurred irrespective of established pre-treatment
cirrhosis. GT2 did not have any significant changes
[5]
in lipid particle concentration. Meissner et al , in his
2015 study of 55 GT1 patients treated sofosbuvir and
ribavirin without interferon, also reported an increase
in LDL and decrease in TG, however did not find any
significant changes in TCHOL or HDL.
Research on the differences in lipid metabolism
between genotypes of hepatitis C have focused
mainly on steatosis. A review of 14 studies from 1997
through 2004 estimated the prevalence of steatosis
in patients with chronic HCV to be 40%-86% (mean
approximately 55%), compared to a baseline of
approximately 20%-30% of patients in the United
[20]
States and other western countries without the virus .
GT3 in particular is associated with an increased
incidence and severity of hepatic steatosis, estima
[20]
ted at 73% in this same study . This steatosis, in
contrast to GT1, is independent of any co-existing
[1-3]
insulin resistance or obesity . Hypocholesterolemia
has been found to various extents across genotypes
and is also known to be more pronounced in patients
[21,22]
with GT3
. This was also seen in our study. While
the exact mechanism is unknown, it likely relates to
[23]
alterations of the distal cholesterol synthesis pathway .
Relatively little is known about the different effect
of genotypes on the magnitude of lipid profile changes
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from start to end of treatment. One study identified that
only GT3 treatment responders, but not non-responders
or any GT1 patients, demonstrate an increase in
[24]
serum cholesterol . A more recent investigation
found significant post-therapeutic increases in TCHOL,
LDL, HDL, and TGs, but greater increases in HDL in
[16]
patients with GT2 . All of the aforementioned analyses
primarily included subjects treated with interferon and
ribavirin.
Our study is the first to compare mean differences
in lipid profile components between GT1, GT2, and
GT3 after treatment with DAAs. We found patients
with GT3 to have the most profound changes in lipid
profile, characterized by a significantly greater increase
in TCHOL than both GT1 and GT2 across the entire
population. This was also reflected in our cirrhotic and
non-cirrhotic subgroups. On the other hand, the lipid
profiles of patient with GT2 were relatively unaffected
by treatment in the cirrhotics, non-cirrhotics, and
combined analysis, though the reason for this is
unclear. Nonetheless, GT2 experienced improvement
in synthetic function congruent with GT1 and GT3,
as noted by an increase in albumin, and perhaps
even better than GT1 and GT3 as evidenced by the
significant improvement in INR not seen in the other
two genotypes.
Unfavorable lipid changes are most pronounced
in those with HCV GT3 infection who are successfully
treated with DAAs. This may be a reflection of the
more severe hypocholesterolemia that affects this
group prior to treatment. Here, the increase in TCHOL
brought it into a range that was not significantly
different than either GT1 or GT2. The long term
effect of the change in lipid profiles on cardiovascular
risk and mortality is unknown, though it has been
demonstrated that that patients successfully treated
for HCV have lipid profiles may return to levels that
[4]
potentially increase coronary disease risk . Long term
follow-up of these patients is warranted to correlate
these changes with clinical outcomes.

COMMENTS
COMMENTS
Background

Different genotypes of the hepatitis C virus (HCV) are associated with differing
levels of hepatic steatosis, with genotype 3 having the strongest direct
association.

10230

December 14, 2016|Volume 22|Issue 46|

Pedersen MR et al . HCV Therapy effect on lipids profiles

Innovations and breakthroughs

In this investigation, change in peripheral lipid panels during direct-acting
antiviral therapy were assessed in a large HCV treatment cohort with respect to
genotype. Total cholesterol in patients with genotype 3 increased significantly
during treatment compared to other genotypes. Associated steatosis and
differing lipid kinetics may influence response rates to direct acting therapy
and may also influence genotype specific risks of hepatic and systemic
complications.

Peer-review

12

13

14

The authors deal with a very interesting topic concerning the genotype
specific peripheral lipid changes during daa therapy are uncharacterized. The
manuscript is well written and although only four markers are used to support
the scientific hypothesis data are promising.

15

REFERENCES
1
2

3

4

5

6
7

8
9

10

11

Chang ML. Metabolic alterations and hepatitis C: From bench
to bedside. World J Gastroenterol 2016; 22: 1461-1476 [PMID:
26819514 DOI: 10.3748/wjg.v22.i4.1461]
Del Campo JA, Romero-Gómez M. Modulation of host lipid
metabolism by hepatitis C virus: Role of new therapies. World J
Gastroenterol 2015; 21: 10776-10782 [PMID: 26478669 DOI:
10.3748/wjg.v21.i38.10776]
Hézode C, Roudot-Thoraval F, Zafrani ES, Dhumeaux D,
Pawlotsky JM. Different mechanisms of steatosis in hepatitis
C virus genotypes 1 and 3 infections. J Viral Hepat 2004; 11:
455-458 [PMID: 15357652]
Corey KE, Kane E, Munroe C, Barlow LL, Zheng H, Chung
RT. Hepatitis C virus infection and its clearance alter circulating
lipids: implications for long-term follow-up. Hepatology 2009; 50:
1030-1037 [PMID: 19787818 DOI: 10.1002/hep.23219]
Meissner EG, Lee YJ, Osinusi A, Sims Z, Qin J, Sturdevant D,
McHutchison J, Subramanian M, Sampson M, Naggie S, Patel K,
Remaley AT, Masur H, Kottilil S. Effect of sofosbuvir and ribavirin
treatment on peripheral and hepatic lipid metabolism in chronic
hepatitis C virus, genotype 1-infected patients. Hepatology 2015;
61: 790-801 [PMID: 25203718 DOI: 10.1002/hep.27424]
Lindenbach BD, Rice CM. Unravelling hepatitis C virus
replication from genome to function. Nature 2005; 436: 933-938
[PMID: 16107832 DOI: 10.1038/nature04077]
Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton
M. Isolation of a cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome. Science 1989; 244: 359-362 [PMID:
2523562]
Tiwari S, Siddiqi SA. Intracellular trafficking and secretion of
VLDL. Arterioscler Thromb Vasc Biol 2012; 32: 1079-1086 [PMID:
22517366 DOI: 10.1161/ATVBAHA.111.241471]
Coller KE, Heaton NS, Berger KL, Cooper JD, Saunders JL,
Randall G. Molecular determinants and dynamics of hepatitis
C virus secretion. PLoS Pathog 2012; 8: e1002466 [PMID:
22241992]
Cheng FK, Torres DM, Harrison SA. Hepatitis C and lipid
metabolism, hepatic steatosis, and NAFLD: still important in the
era of direct acting antiviral therapy? J Viral Hepat 2014; 21: 1-8
[PMID: 24329852 DOI: 10.1111/jvh.12172]
Conjeevaram H, Burant CF, McKenna B, Harsh D, Kang H,
Das AK, Everett L, White D, and Lok ASH. A randomized,
double-blind, placebo-controlled study of PPAR-gamma agonist
pioglitazone given in combination with peginterferon and ribavirin
in patients with genotype-1 chronic hepatitis C. Hepatology 2008;

16

17

18
19

20
21

22

23

24

48 Suppl: 348A [DOI: 10.1002/hep.22641]
Harrison SA, Hamzeh FM, Han J, Pandya PK, Sheikh MY,
Vierling JM. Chronic hepatitis C genotype 1 patients with insulin
resistance treated with pioglitazone and peginterferon alpha-2a
plus ribavirin. Hepatology 2012; 56: 464-473 [PMID: 22334369
DOI: 10.1002/hep.25661]
Ikeda M, Abe K, Yamada M, Dansako H, Naka K, Kato N.
Different anti-HCV profiles of statins and their potential for
combination therapy with interferon. Hepatology 2006; 44:
117-125 [PMID: 16799963 DOI: 10.1002/hep21232]
Milazzo L, Meroni L, Galazzi M, Cesari M, Caramma I, Marchetti
G, Galli M, Antinori S. Does fluvastatin favour HCV replication
in vivo? A pilot study on HIV-HCV coinfected patients. J Viral
Hepat 2009; 16: 479-484 [PMID: 19215577 DOI: 10.1111/
j.1359-289.2009.01104.x]
Rao GA, Pandya PK. Statin therapy improves sustained virologic
response among diabetic patients with chronic hepatitis C.
Gastroenterology 2011; 140: 144-152 [PMID: 20833169 DOI:
10.1053/j.gastro.2010.08.055]
Chang ML, Tsou YK, Hu TH, Lin CH, Lin WR, Sung CM, Chen
TH, Cheng ML, Chang KC, Chiu CT, Yeh CT, Pang JH, Shiao MS.
Distinct patterns of the lipid alterations between genotype 1 and 2
chronic hepatitis C patients after viral clearance. PLoS One 2014; 9:
e104783 [PMID: 25122116 DOI: 10.1371/journal.pone.0104783]
Jung HJ, Kim YS, Kim SG, Lee YN, Jeong SW, Jang JY, Lee SH,
Kim HS, Kim BS. The impact of pegylated interferon and ribavirin
combination treatment on lipid metabolism and insulin resistance
in chronic hepatitis C patients. Clin Mol Hepatol 2014; 20: 38-46
[PMID: 24757657 DOI: 10.3350/cmh.2014.20.1.38]
Bassendine MF, Sheridan DA, Bridge SH, Felmlee DJ, Neely RD.
Lipids and HCV. Semin Immunopathol 2013; 35: 87-100 [PMID:
23111699 DOI: 10.1007/s00281-012-0356-2]
Pedersen M, Backstedt D, Kakati B, Choi M, and Seetharam
A. Direct Acting Antiviral Therapy Improves Components of
the Metabolic Syndrome during Treatment of Chronic Hepatitis
C Infection. Gastroenterology 2015; 148: S1002-S1003 [DOI:
10.1016/S0016-5085(15)33421-1]
Asselah T, Rubbia-Brandt L, Marcellin P, Negro F. Steatosis
in chronic hepatitis C: why does it really matter? Gut 2006; 55:
123-130 [PMID: 16344578]
Sheridan DA, Price DA, Schmid ML, Toms GL, Donaldson P,
Neely D, Bassendine MF. Apolipoprotein B-associated cholesterol
is a determinant of treatment outcome in patients with chronic
hepatitis C virus infection receiving anti-viral agents interferonalpha and ribavirin. Aliment Pharmacol Ther 2009; 29: 1282-1290
[PMID: 19392865 DOI: 10.111/j.1365-2036.2009.04012.x]
Hofer H, Bankl HC, Wrba F, Steindl-Munda P, Peck-Radosavljevic
M, Osterreicher C, Mueller C, Gangl A, Ferenci P. Hepatocellular
fat accumulation and low serum cholesterol in patients infected
with HCV-3a. Am J Gastroenterol 2002; 97: 2880-2885 [PMID:
12425563 DOI: 10.1016/S0002/9270(02)05473-4]
Clark PJ, Thompson AJ, Vock DM, Kratz LE, Tolun AA, Muir
AJ, McHutchison JG, Subramanian M, Millington DM, Kelley RI,
Patel K. Hepatitis C virus selectively perturbs the distal cholesterol
synthesis pathway in a genotype-specific manner. Hepatology
2012; 56: 49-56 [PMID: 22318926 DOI: 10.1002/hep.25631]
Fernández-Rodríguez CM, López-Serrano P, Alonso S, Gutiérrez
ML, Lledó JL, Pérez-Calle JL, Temiño R, Cacho G, Nevado
M, Casas ML, Gasalla JM, Bonet B. Long-term reversal of
hypocholesterolaemia in patients with chronic hepatitis C is related
to sustained viral response and viral genotype. Aliment Pharmacol
Ther 2006; 24: 507-512 [PMID: 16886916 DOI: 10.1111/
j.1365-2036.2006.03000.x]

P- Reviewer: Georgopoulou U, Kanda T, Nakamoto S S- Editor: Yu J
L- Editor: A E- Editor: Zhang FF

WJG|www.wjgnet.com

10231

December 14, 2016|Volume 22|Issue 46|

World J Gastroenterol 2016 December 14; 22(46): 10232-10241
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i46.10232

© 2016 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Long-term prognostic impact of circulating tumour cells in
gastric cancer patients
Hiroaki Ito, Jun Sato, Yukio Tsujino, Noriko Yamaguchi, Satoshi Kimura, Keigo Gohda, Katsuhiro Murakami,
Manabu Onimaru, Tohru Ohmori, Fumihiro Ishikawa, Haruhiro Inoue
Hiroaki Ito, Manabu Onimaru, Haruhiro Inoue, Department
of Surgery, Digestive Disease Center, Showa University Koto
Toyosu Hospital, Tokyo 135-8577, Japan

Institutional review board statement: The study was approved
by the Institutional Review Board of the Showa University,
Northern Yokohama Hospital (No. 0903-03).

Jun Sato, Yukio Tsujino, Keigo Gohda, Katsuhiro Murakami,
Central Research Laboratories, Sysmex Corporation, Kobe
651-2271, Japan

Clinical trial registration statement: This study was registered
with the University Hospital Medical Information Network in
Japan, UMIN000004026.

Noriko Yamaguchi, Department of Surgery, Digestive Disease
Center, Showa University Northern Yokohama Hospital,
Yokohama 224-8503, Japan

Informed consent statement: The study protocol was explained
to the patients and volunteers before written informed consent was
obtained.

Satoshi Kimura, Department of Laboratory Medicine and
Central Clinical Laboratory, Showa University Northern
Yokohama Hospital, Yokohama 224-8503, Japan

Conflict-of-interest statement: The authors declare that they
have no competing interests.

Tohru Ohmori, Institute of Molecular Oncology, Showa
University School of Medicine, Tokyo 142-8555, Japan
Fumihiro Ishikawa, Department of Cancer Cell Biology, Showa
University School of Pharmacy, Tokyo 142-8555, Japan
Author contributions: Ito H conceived and designed the
experiments, collected blood samples, performed the experiments,
managed clinical examination, performed treatment of individual
patients, delivered clinical data, and performed the statistical
analysis and data interpretation; Sato J, Tsujino Y, Gohda K,
and Murakami K analysed the blood cells in the peripheral
blood samples from the patients; Yamaguchi N and Onimaru M
managed clinical examination, performed treatment of individual
patients, and delivered clinical data; Kimura S participated in the
study design, maintained the equipment, including the test tubes,
and performed data interpretation; Ohmori T and Ishikawa F
participated in the study design and performed data interpretation;
Inoue H participated in the study design, performed treatment of
individual patients, and performed data interpretation; all authors
have read and approved the final manuscript.
Supported by a Japan Society for the Promotion of Science
(JSPS) KAKENHI Grant-in-Aid for Challenging Exploratory
Research (in part), No. 23659308; and JSPS KAKENHI Grantin-Aid for Scientific Research, No. 26460688.

WJG|www.wjgnet.com

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/
Manuscript source: Invited manuscript
Correspondence to: Hiroaki Ito, MD, Department of Surgery,
Digestive Disease Center, Showa University Koto Toyosu
Hospital, 5-1-38 Toyosu, Koto-ku, Tokyo 135-8577,
Japan. h.ito@med.showa-u.ac.jp
Telephone: +81-3-62046000
Fax: +81-3-62046396
Received: August 19, 2016
Peer-review started: August 22, 2016
First decision: September 12, 2016
Revised: September 27, 2016
Accepted: October 27, 2016
Article in press: October 27, 2016
Published online: December 14, 2016

10232

December 14, 2016|Volume 22|Issue 46|

Ito H et al . Circulating tumour cells in gastric cancer

Abstract
AIM
To analyse the long-term prognostic impact of cir
culating tumour cells (CTCs) in gastric cancer patients
who underwent surgery.
METHODS
A 7.5-mL peripheral vein blood sample was obtained
from each patient with treatment-negative gastric
adenocarcinoma before surgery. OBP-401, a telomerasespecific, replication-selective, oncolytic adenoviral agent
carrying the green fluorescent protein gene, was used
to label CTCs. Correlations between the number of
CTCs and clinical end points were evaluated.
RESULTS
The median follow-up period of the surviving patients
with gastric cancer was 60 mo. The CTC number tended
to increase concomitantly with disease progression. The
overall survival of patients with more than five CTCs
in 7.5-mL of peripheral blood was lower than that of
patients with five or less CTCs, although the difference
was not significant (P = 0.183). A significant difference
in relapse-free survival was found between patients
with more than five and those with five or less CTCs (P
= 0.034).
CONCLUSION
A lower number of CTCs was correlated with higher
relapse-free survival rates in patients. Detection of
CTCs using OBP-401 may be useful for predicting prog
nosis in gastric cancer.
Key words: Circulating tumour cells; Gastric cancer;
Surgery; Telomerase; Prognosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We show the long-term prognostic impact
of circulating tumour cells (CTCs) in 65 patients with
gastric cancer in this report. OBP-401, a telomerasespecific, replication-selective, oncolytic adenoviral agent
carrying the green fluorescent protein gene, was used
to label CTCs. A lower number of CTCs was correlated
with higher relapse-free survival rates in patients with
gastric cancer.
Ito H, Sato J, Tsujino Y, Yamaguchi N, Kimura S, Gohda K,
Murakami K, Onimaru M, Ohmori T, Ishikawa F, Inoue H.
Long-term prognostic impact of circulating tumour cells in
gastric cancer patients. World J Gastroenterol 2016; 22(46):
10232-10241 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10232.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10232

INTRODUCTION
The presence of circulating tumour cells (CTCs) in
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peripheral blood indicates a systemic disease stage
in various malignancies, as CTCs are thought to be
[1]
the source of haematogenous metastasis . Detection
of CTCs in peripheral blood is useful for prognosis,
monitoring of disease progression, and evaluation
[2]
[3]
[4]
of treatment efficacy in breast , lung , prostate ,
[5]
[6]
[7]
[8,9]
skin , colon , gastric , and esophageal cancer .
Although various methods have been developed to
detect CTCs, the most commonly used techniques
for their enrichment and characterisation are density
[10]
[11]
gradient separation , immunomagnetic separation ,
[12]
[13]
flow cytometry , direct enrichment by filtration ,
[14]
and microchip technology . The CellSearch System
(Veridex, LLC, Raritan, NJ, United States), which is
based on immunomagnetic cell enrichment, is one
of the most widely used techniques for automated
[15,16]
enrichment and detection of CTCs
. The advantage
of immunomagnetic cell separation is that CTCs can be
directly visualised under a microscope. In the CellSearch
assay, cells detected with antibodies against epithelial
markers (e.g., epithelial cell adhesion molecules, or
EpCAMs) are classified as CTCs. During the epithelialmesenchymal transition (EMT), an important process
[17]
that occurs in CTCs , expression of epithelial surface
markers is reduced. Thus, systems that rely on epithelial
[18]
markers may fail to detect CTCs undergoing EMT .
Methodologies based on direct enrichment by filtration
may circumvent this issue to some extent, although
cells detected in this manner often lack tumourigenicity.
Increased telomerase activity is a common cha
racteristic of malignant tumours, and telomerase
plays important roles in carcinogenesis and disease
[19]
progression . OBP-401 (TelomeScan, Oncolys
BioPharma, Tokyo, Japan) is a telomerase-specific,
replication-selective modified viral agent in which
the human telomerase reverse transcriptase (TERT)
gene promoter is inserted into the E1 region, and the
green fluorescent protein (GFP) gene is placed under
the control of the cytomegalovirus promoter in the
[20]
E3 region as a marker of viral replication . Thus,
OBP-401 only proliferates in viable cells with high
telomerase activity and provides a fluorescent label
that allows tumour cells to be labelled, regardless
of their epithelial marker expression profiles. We
previously used OBP-401 to detect cells with high
telomerase activity in blood samples of healthy and
treatment-negative gastric cancer patients before
surgery. We took 7.5-mL peripheral blood samples
from cancer patients before surgery and healthy
volunteers. We detected viable GFP-positive CTCs in
the blood samples after incubation with OBP-401.
This revealed that in patients with gastric cancer, a
greater proportion of “high telomerase activity” cells
[21]
was associated with a significantly poorer prognosis .
In this report, we describe the final long-term results
(median follow-up time of five years) of this initial
study, which demonstrate that the OBP-401-dependent
CTC assay has clinical utility in patients with gastric
cancer.
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MATERIALS AND METHODS
Patients and healthy volunteers

This report was the final analysis of our prospective
preliminary study on CTCs from 65 patients with
treatment-negative gastric adenocarcinoma who
underwent surgery at the Digestive Disease Center
of the Showa University Northern Yokohama Hospital
between April 2010 and May 2011, and from whom we
extracted peripheral blood samples before treatment.
The inclusion criteria were: (1) histologically proven
adenocarcinoma of the stomach by endoscopic biopsy;
(2) clinical solitary tumour; (3) no prior endoscopic
resection, chemotherapy, or radiotherapy; (4) aged
20-80 years; (5) Eastern Cooperative Oncology Group
[22]
performance status (Oken et al , 1982) of 0 or 1;
(6) sufficient organ function; and (7) written informed
consent. The exclusion criteria were: (1) synchronous
or metachronous malignancy; (2) pregnant or breastfeeding women; (3) active or chronic viral hepatitis;
(4) active bacterial or fungal infection; (5) diabetes
mellitus; (6) systemic administration of corticosteroids;
and (7) unstable hypertension. The pathologic stage of
the disease was determined according to the seventh
edition of the American Joint Committee on Cancer/
International Union Against Cancer TNM classification
[23]
system . The depth of the tumour invasion in four
patients without gastrectomy and the regional lymph
node status of seven patients without sufficient
lymphadenectomy were surgically diagnosed.
All of the patients were checked regularly in our
hospital every 3 mo for the first 3 years post-operation,
and every 6 mo for the following two post-operative
years. The patients also underwent endoscopy and
computed tomography at least once a year, according
to their disease stage and course. Healthy volunteers
were also recruited as controls. All healthy volunteers
were employees of Sysmex Corporation, which included
seven men (mean age, 31.4 years; range, 24-39 years)
and three women (mean age, 33.7 years; range, 26-48
years). All volunteers underwent medical check-ups
upon employment and annually; check-ups included
medical interviews, auscultation, chest radiography,
and blood and urine analyses. In addition, individual
interviews were conducted before sample collection;
any volunteer who was currently receiving medical
treatment, pregnant, or breast-feeding or who had
donated blood within the past month was excluded.

Telomerase-specific viral agent

OBP-401, a telomerase-specific, replication-selective
adenoviral agent in which the TERT promoter element
drives the expression of the EIA and EIB genes and
into which the GFP gene is integrated, was used. The
sensitivity and specificity of the assay using OBP-401
[24]
have been reported previously . Viral samples were
stored at -80 ℃.

Sample preparation and immunostaining

Details of sample preparation and assay were described
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in our previous report . A 7.5-mL peripheral vein blood
sample was obtained from each patient before surgery
and from each healthy volunteer. The samples were
drawn into tubes containing citric acid, phosphoric
acid, and dextrose, and stored at 4 ℃. The assay was
started within 48 h of sample collection. The samples
were centrifuged for 5 min at 540 × g, and the plasma
phase was removed. The cells were then washed
four times with phosphate-buffered saline (PBS) and
twice with Roswell Park Memorial Institute medium.
8
The samples were infected with 4 × 10 plaqueforming units of OBP-401 virus by incubation in the
medium for 24 h at 37 ℃. Dead cells were stained
with the red-fluorescent reactive dye L23102 (Life
Technologies, Carlsbad, CA, United States), OBP-401
was inactivated, and the cells were fixed with 2%
paraformaldehyde for 20 min at room temperature.
The samples were treated with a surface-active agent
(Emalgen 2025G; Kao Chemicals, Tokyo, Japan) for 10
min at 40 ℃ to degrade red blood cells. Phycoerythrinlabelled anti-human CD45 antibody (BioLegend, San
Diego, CA, United States) was diluted 1:5, and Pacific
Blue-labelled anti-human CD326 (EpCAM) antibody
(BioLegend) was diluted 1:10 in PBS containing 2%
foetal bovine serum. Cells were incubated with the
diluted antibodies for 30 min at 25 ℃. After being
washed with PBS containing 2% foetal bovine serum,
the cells were mounted on two glass slides for
microscopic analysis.

GFP fluorescence intensity of cultured cancer cell lines

Approximately 30000 cultured cells were added into
7.5-mL blood samples from healthy volunteers, which
were mixed with various cancer cell lines: A549 (lung
carcinoma), HepG2 (hepatocellular carcinoma), HEC-1
(endometrial carcinoma), KATO-III (gastric carcinoma),
SBC-3 (small cell lung carcinoma), LNCaP (prostate
adenocarcinoma), MDA-MB-468 (breast carcinoma),
and OVCAR-3 (ovarian carcinoma). The cell lines were
cultured according to the vendor’s specifications.

Determination of GFP fluorescence intensity and cell
size threshold

The threshold for GFP fluorescence intensity and cell
size (diameter) were set based on the values from
samples of healthy volunteers and the patients with
gastric cancer by using receiver operating characteristic
(ROC) analysis. The blood samples were subjected to
the CTC detection assay, and GFP-positive cells were
scored by fluorescence microscopy.

Cell counting and analysis

All detectable GFP-positive cells on the two slides
were analysed under a computer-controlled fluore
scence microscope (IX71, Olympus, Tokyo, Japan);
the observer was blinded to the sample details. Cells
with fluorescence intensities and diameters exceeding
the threshold were scored as GFP-positive. Both
EpCAM-positive and EpCAM-negative subpopulations
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Table 1 Patient characteristics and clinical findings
Variable

Informed consent statement

Number of
patients

Sex

Male
Female

Age (yr; mean, range)
Gastrectomy

Surgical curability

Clinical course

Recurrence site
(including overlap)

Postoperative
chemotherapy

TNM stage

Depth of tumour
invasion

Lymph node
metastasis

Distant metastasis
Main histological type
Lymphatic invasion

Venous invasion

Distal
Total
None
R0
R1
R2
Survival without relapse
Survival after relapse
Survival after non-curative
surgery
Decease
None

The study protocol was explained to the patients
and volunteers before written informed consent was
obtained.

46
19
58.8; 33-76
29
32
4
57
0
8
47
2
1

Statistical analysis

All statistical analysis was performed using JMP Pro
12.2.0 (SAS Institute, Cary, NC, United States). Nonparametric comparisons were performed using the
Wilcoxon signed-rank test, with a normal approximation.
ROC analysis was performed to examine the difference
between GFP fluorescence intensity and cell size in
the blood samples of patients versus those in healthy
volunteers. Cox proportional hazards analysis was
used to investigate risk factors for survival, and to
calculate overall and relapse-free survival rates. P ≤
0.05 was considered statistically significant.

15
47

Remnant stomach
Hematogenous
Lymphatic
Peritoneal dissemination
Non-curative surgery
None

1
5
4
5
8
37

Adjuvant chemotherapy
Adjuvant and therapeutic
chemotherapy
Therapeutic chemotherapy after
non-curative surgery
I
II
III
IV
T1

11
9

T2
T3
T4
N0

8
9
12
39

N1
N2
N3
M0
M1
Differentiated
Undifferentiated
L0
L1
LX
V0
V1-2
VX

5
6
15
56
9
25
40
35
26
4
35
26
4

RESULTS
Patient characteristics and pathological findings

The clinicopathological characteristics of 65 patients
(46 men and 19 women; mean age 60.7 years; range
33-76 years) are summarised in Table 1. The median
follow-up period for the surviving patients was 60 mo.
Fifty-seven of the 65 patients underwent pathological
curative surgery, and of these patients, 10 experienced
disease recurrence. Fifteen patients died. Twentynine patients had distal gastrectomy, 32 had total
gastrectomy, and four had exploratory laparotomy.
Twenty of the 57 patients that underwent curative
surgery also received adjuvant chemotherapy, and nine
of these 20 patients received therapeutic chemotherapy
after disease recurrence.

8
40
6
10
9
36

Gallery of GFP-positive cancer cell lines after OBP-401
infection

After OBP-401 infection, GFP-positive cancer cell lines
were detected (Figure 1A).

Comparison of GFP fluorescence intensity between cell
lines and blood cells

were found in these cells, consistent with the finding
that tumour cells undergoing EMT can be EpCAM[18]
negative .

Institutional review board statement and clinical trial
registration

The study was approved by the Institutional Review
Board of the Showa University, Northern Yokohama
Hospital (No. 0903-03). This study was registered with
the University Hospital Medical Information Network in

WJG|www.wjgnet.com

The GFP fluorescence intensity [mean equivalent
fluorochrome (MEFL)] of the cell lines and the GFPpositive cells detected in the peripheral blood samples
are shown in Figure 1B. MEFL was higher in cell lines
than in the GFP-positive cells in the peripheral blood
samples from either healthy volunteers or patients
with gastric cancer. In turn, MEFL was higher in GFPpositive cells from patients with gastric cancer than in
the corresponding cells from healthy volunteers.

Comparison of GFP fluorescence intensity and cell
diameter between patients and volunteers

The GFP fluorescence intensity and diameter of
cells isolated from the peripheral blood samples are
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Figure 1 Comparison of green fluorescent protein fluorescence intensity and cell diameter. A: Gallery of GFP-positive cell lines. The cell lines used were
A549, HepG2, HEC-1, KATO-III, SBC-3, LNCaP, MDA-MB-468, and OVCAR-3; B: Comparison of GFP fluorescence intensity of cultured cell lines and blood cells
from healthy volunteers and gastric cancer patients. The bottom and top of the box represent the lower and upper quartiles, and the band across the box shows the
median. The lower and upper bars at the ends of the whiskers show the lowest data point and the highest data point, respectively. The cell lines used were A549,
HepG2, HEC-1, KATO-III, SBC-3, LNCaP, MDA-MB-468 and OVCAR-3; C: Comparison of GFP fluorescence intensity between patients and healthy volunteers; D:
Comparison of cell diameter between patients and healthy volunteers. To determine the cut-off line, we used ROC analysis to compare the GFP fluorescence intensity
and diameter of cells from gastric cancer patients with those of healthy volunteers. Cells from the patients with gastric cancer had higher GFP intensities than those
from the healthy volunteers (cut-off 78600927 MEFL sensitivity 82.5 %, specificity 39.7 %, and AUC 0.602). The diameters of GFP-positive cells in samples from
patients with gastric cancer were higher than those in samples from healthy volunteers (cut-off 7.7418 µm, sensitivity 33.8 %, specificity 80.2 %, and AUC 0.578).
GFP: Green fluorescent protein.

shown in Figure 1C and D. Based on ROC analyses,
we defined cells with 78600927 MEFL or higher
GFP fluorescence intensity and 7.7418 µm or larger
diameter as the CTCs.

Association of CTCs with pathological findings

An increased number of CTCs was associated with
disease progression. There was statistically significant
difference in the number of CTCs between samples
from patients with Stage Ⅰ and those from patients
with Stage Ⅲ disease (P = 0.0460, Figure 2A). The
number of CTCs also tended to increase concomitantly
with progression of the primary tumour, as there was a
statistically significant difference in the number of CTCs
between samples from patients with T1 and those
from patients with T4 tumours (P = 0.0335, Figure
2B). There was also a statistically significant difference

WJG|www.wjgnet.com

in the number of CTCs between samples from patients
with N0 and those with N2 lymph node spread status
(P = 0.0381, Figure 2C). However, there was no
significant difference in the number of CTCs between
samples from patients with distant metastases
and those in which distant metastasis was absent
(P = 0.4667, Figure 2D). The number of CTCs was
also higher in samples from patients with lymphatic
invasion, although there was no significant difference
compared to patients without this clinical feature (P
= 0.1297, Figure 2E). Similarly, although the number
of CTCs in samples from the patients with venous
invasion was higher than those in samples without this
complication, the difference was not significant (P =
0.0558, Figure 2F). Finally, we observed no significant
difference in the number of CTCs in samples from
patients with differentiated tumours when compared to
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of CTCs between samples from patients with distant metastases and those from patients without distant metastasis (P = 0.4667); E: Relationship between CTC
number and lymphatic invasion. The number of CTCs in samples from patients with lymphatic invasion was higher than that in patients without invasion. However, this
result did not reach the level of significance (P = 0.1297); F: Relationship between CTC number and venous invasion. The number of CTCs in samples from patients
with venous invasion was higher than that in samples from patients without this pathology. However, this result did reach the level of significance (P = 0.0558); G:
Relationship between CTC number and histological type. There was no significant difference in the number of CTCs between samples from patients with differentiated
tumours and those from patients with undifferentiated tumours (P = 0.7752). CTCs: Circulating tumour cells.

those with undifferentiated malignancies (P = 0.7752,
Figure 2G).

Overall and relapse-free survival

The overall survival rate of patients who had more
than five CTCs (66.2%) was lower than that of patients
who had five or less CTCs (80.5%); however, this
difference was not significant (P = 0.183, Figure 3A).
The relapse-free survival rate of patients who had
more than five CTCs (64.3%) was significantly lower
than that of patients who had five or less CTCs (88.3%)

WJG|www.wjgnet.com

(P = 0.034, Figure 3B).

Prognostic factor for survival

We investigated prognostic factors related to patient
survival by using Cox proportional hazards analysis.
Univariate analysis showed that fStage was, in some
cases, a significant factor (fStage Ⅱ, P = 0.196;
fStage Ⅲ, P = 0.0003; fStage Ⅳ, P < 0.0001). In
contrast, the presence of more than five CTCs was not
a significant factor (P = 0.183). Multivariate analysis
including these two factors showed fStage to be the
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Figure 3 Overall and relapse-free survival. A: The overall survival rate of 65 patients was compared using Cox proportional hazards analysis. Although there
was no significant difference, the overall survival rate of the patients with more than 5 CTCs was lower than that of patients with 5 or less CTCs (hazard ratio, 2.07;
95%CI: 0.693-5.744; P = 0.183); B: The relapse-free survival rates of 57 patients with different CTC levels who underwent curative surgery were compared using Cox
proportional hazards analysis. Relapse-free survival was significantly lower in patients with more than 5 CTCs (hazard ratio, 2.28; 95% CI: 0.068-4.698; P = 0.034).
CTCs: Circulating tumour cells.

Table 2 Risk factors for prognosis of patients (n = 65)
Variable

Univariate analysis

Number of high
telomerase activity cells
≤5
>5
fStage
fStage Ⅰ
fStage Ⅱ
fStage Ⅲ
fStage Ⅳ
b

Multivariate analysis

95%CI

P value

1.0
2.069

0.693-5.744

0.183

1.0
7.097
25.18
83.57

0.281-179.3
4.053-482.6
14.86-1567

0.196
0.0003b
< 0.0001b

Hazard ratio

95%CI

P value

1.0
0.900

0.294-2.591

0.847

1.0
7.106
26.17
85.76

0.281-179.6
4.017-510.6
14.91-1623

0.182
0.0004b
< 0.0001b

Hazard ratio

P < 0.01.

only significant factor (fStage Ⅱ, P = 0.182; fStage Ⅲ,
P = 0.0004; fStage Ⅳ, P < 0.0001), and the number
of CTCs (more than five) to be non-significant (P =
0.847) (Table 2).

Risk factor for relapse after curative surgery

We also investigated factors for increased risk of re
lapse by Cox proportional hazards analysis. Univariate
analysis showed that certain fStages were significant
risk factors (fStage Ⅱ, P = 0.337; fStage Ⅲ, P =
0.0001; fStage Ⅳ, P = 0.005). However, the presence
of more than 5 CTCs had no significant influence
on relapse rates (P = 0.052). Multivariate analysis
including these two factors showed fStage to be the
only significant factor (fStage Ⅱ, P = 0.343; fStage Ⅲ,
P = 0.001; fStage Ⅳ, P = 0.004), whereas the number
of CTCs was non-significant (P = 0.350, Table 3).

DISCUSSION
Here, we used a telomerase-specific adenoviral agent
to detect CTCs to avoid relying on the heterogeneous
expression of epithelial markers in CTCs undergoing
EMT. The enumeration of CTCs is particularly important

WJG|www.wjgnet.com

in gastric cancer, which is the second leading cause
of cancer-related death worldwide. Our current data
indicate that detection of CTCs may indeed be a useful
prognostic indicator for use in patients with gastric
[25,26]
cancer, and are consistent with previous reports
.
Our previous preliminary study showed that
the number of CTCs isolated from cancer patients
was related to surgical and pathological disease
progression. Specifically, there were more CTCs in
samples from patients with Stage Ⅲ than in those with
Stage Ⅰ disease. The CTC count was also higher in
patients with tumour depth T4 than in those with T1,
and in individuals with lymph node metastasis status
N2 versus those with N0. In addition, we found that
the number of CTCs was associated with disease stage
and relapse after curative surgery in gastric cancer
patients. In the current study, the relapse-free survival
rate of patients who had more than five CTCs was
significantly lower than that of patients who had five
or less. The overall survival rate of patients with more
than five CTCs tended to be lower than that of the
patients with five or less; in this case, however, the
difference was not statistically significant. The number
of CTCs was not an independent risk factor for either
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Table 3 Risk factors for relapse of patients who underwent curative surgery (n = 57)
Variable

Univariate analysis

Number of high telomerase
activity cells
≤5
>5
fStage
fStage Ⅰ
fStage Ⅱ
fStage Ⅲ
fStage Ⅳ
b

Multivariate analysis

95%CI

P value

1.0
3.566

0.988-12.88

0.052

1.0
3.635
17.78
239.6

0.169-37.96
4.065-121.8
7.943-7785

0.337
0.0001b
0.005b

Hazard ratio

95%CI

P value

1.0
1.971

0.471-8.861

0.350

1.0
3.576
13.75
289.4

0.166-37.35
2.806-100.7
9.331-9733

0.343
0.001b
0.004b

Hazard ratio

P < 0.01.

overall or relapse-free survival. However, we suggest
this may be due to the relatively small sample size we
studied, and that examination of larger cohorts might
reveal a more significant impact of CTC number on
these clinical parameters. Cancer stem cells (CSCs) in
the blood of cancer patients are increasingly viewed as
[27,28]
important determinants of cancer metastasis
and
[29]
prognosis . Given that CSCs have high telomerase
activity, and share many of the molecular hallmarks of
[30]
EMT , we suggest that our CTC assay could be used
to detect both CSCs and CTCs during EMT.
One limitation of our study is that we could not
achieve maximal sensitivity and specificity with regard
to CTC detection. The definition of CTCs in this study
was based on the threshold of GFP fluorescence
intensity and cell diameter. However, these criteria
resulted in a significant overlap between the data of
healthy volunteers and those of cancer patients. More
studies that compare healthy individuals with a larger
population of patients with different cancer types are
needed to clarify the suitability of CTC detection for
clinical use. Another limitation of our study was that
we did not determine the metastatic potential of the
CTCs that we detected. Ideally, the functions of CTCs
should be analysed after cell sorting, and CTCs with
metastatic potential could be identified using additional
[31,32]
tools such as DNA ploidy analysis
. Furthermore,
gene expression profiling of CTCs, primary tumours,
and metastatic tumours will also provide important
insight into the mechanisms responsible for cancer
metastasis. In summary, CTCs are useful predictors of
disease progression in gastric cancer patients, but they
do not constitute an independent prognostic factor.
In conclusions, CTC number tended to increase
with surgical and pathological disease progression.
Although not an independent risk factor, a higher
number of CTCs was significantly correlated with
disease relapse in gastric cancer after curative surgery.
However, our study analysed only a small number of
participants, and whether all the CTCs we detected
have true metastatic potential was not determined.
Further studies with a larger number of participants
are therefore required to confirm the findings of this
study.
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Abstract
AIM
To evaluate the efficacy and safety of nitrous oxidesedated endoscopic ultrasound-guided fine needle
aspiration.
METHODS
Enrolled patients were divided randomly into an experi
mental group (inhalation of nitrous oxide) and a control
group (inhalation of pure oxygen) and heart rate, blood
oxygen saturation, blood pressure, electrocardiogram
(ECG) changes, and the occurrence of complications
were monitored and recorded. All patients and phy
sicians completed satisfaction questionnaires about
the examination and scored the process using a visual
analog scale.
RESULTS
There was no significant difference in heart rate, blood
oxygen saturation, blood pressure, ECG changes, or
complication rate between the two groups of patients
(P > 0.05). However, patient and physician satisfaction
were both significantly higher in the nitrous oxide
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compared with the control group (P < 0.05).

MATERIALS AND METHODS

CONCLUSION
Nitrous oxide-sedation is a safe and effective option for
patients undergoing endoscopic ultrasound-guided fine
needle aspiration.

Study subjects

Key words: Endoscopic ultrasonography; Nitrous oxide;
Sedation; Fine needle aspiration
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic ultrasonography (EUS) has been
widely used in the diagnosis and treatment of gastrointe
stinal tract and pancreaticobiliary diseases. However,
EUS-guided fine needle aspiration (EUS-FNA) is a
time-consuming procedure associated with pain and
discomfort. Nitrous oxide, also known as laughing
gas, is a colorless, short-acting inhaled agent that can
produce anesthetic, analgesic, and anxiolytic effects.
Safety and efficacy of nitrous oxide-sedated EUS-FNA.
However, inhaled nitrous oxide has no effect on heart
or lung function and patients remain awake, and this
thus represents a feasible mode of sedation for EUS.
The current study aimed to establish the safe.
Wang CX, Wang J, Chen YY, Wang JN, Yu X, Yang F, Sun
SY. Randomized controlled study of the safety and efficacy of
nitrous oxide-sedated endoscopic ultrasound-guided fine needle
aspiration. World J Gastroenterol 2016; 22(46): 10242-10248
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10242.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10242

INTRODUCTION
Endoscopic ultrasonography (EUS) has been widely
used in the diagnosis and treatment of gastrointestinal
tract and pancreaticobiliary diseases. However,
[1-6]
EUS-guided fine needle aspiration (EUS-FNA)
is
a time-consuming procedure associated with pain
and discomfort. Painless EUS can reduce patient
suffering and thus make patients more likely to accept
the examination. Intravenous anesthetic agents
including benzodiazepine-opioid drugs and propofol
are commonly used, but their respiratory-inhibitory
[7]
effects limit their application . Furthermore, most EUS
procedures require water injection into the digestive
tract, which increases the risk of aspiration during
anesthesia. Nitrous oxide, also known as laughing
gas, is a colorless, short-acting inhaled agent that can
produce anesthetic, analgesic, and anxiolytic effects.
However, inhaled nitrous oxide has no effect on heart
or lung function and patients remain awake, and this
[7]
thus represents a feasible mode of sedation for EUS .
The current study aimed to establish the safety and
efficacy of nitrous oxide-sedated EUS-FNA.
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The inclusion criteria for the study were patients who
required EUS-FNA and agreed to sedation with nitrous
oxide. Patients were excluded if they exhibited any
of the following contraindications to nitrous oxide se
dation or EUS: (1) intending to get pregnant or in the
first trimester of pregnancy; (2) coma; (3) within 1
wk of gas cerebral angiography; (4) diving diseases
or a recent history of diving activities; (5) middle
ear diseases; (6) pneumothorax, pulmonary cystic
fibrosis, or chronic debilitating weakness due to other
respiratory disorders; (7) intestinal obstruction; (8)
history of gastrointestinal surgery; (9) history of sinus
or nasal-septum surgery; (10) need for endoscopic
treatment; (11) American Society of Anesthesiology
(ASA) grade > 3; and (12) blood oxygen saturation
< 95% and systolic blood pressure < 90 mmHg as
displayed on the monitor.
This study was approved by the Institutional
Review Board and Ethics Committee of China Medical
University (clinical trial registration number: ChiCTROCC-15005853). All patients voluntarily provided
written informed consent for their participation in this
study. The operator performing the EUS-FNA procedure
in this study was familiar with the technique.

Equipment

The following equipment was used: a nitrous oxide
sedation system (AII 5000C; Shenzhen Security Tech
nology Co., Ltd., China) (Figure 1); a patient monitor
(PM-7000; Mindray); an ultrasound scanner (EUB 6500,
Hitachi, Tokyo, Japan); a linear array echo-endoscope
(Pentax EG3830UT, Japan); and a 22-gauge needle (EUS
N-22-T, Wilson-Cook, United States).

Study design

This was a prospective, randomized, controlled clinical
study. The patients were divided into an experimental
group and control group using a random-number
table. The experimental group received nitrous oxide
inhalation, with the inspiratory flow of nitrous oxide
adjusted according to the depth of sedation (range of
nitrous oxide concentrations 30%-70%). The control
group received oxygen inhalation at a concentration
of 100% and flow rate of 2-3 L/min. Patients were
placed in the left lateral recumbent position during the
endoscopic procedure and EUS-FNA was performed
using a linear array echo-endoscope (Figure 2).
This was a single-blind study and the patients were
unaware of the identity of the inhaled gas. Patients
with unsuccessful EUS were excluded from the current
study.

Patient monitoring

This study trained auxiliary nurses who adjusted the
inhalation flow of nitrous oxide during the endoscopic
operation, under the guidance of a physician, and
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A

B

Figure 1 Nitrous oxide sedation system (AII 5000C; Shenzhen Security Technology Co., Ltd., China).

A

B

C

D

Figure 2 Patients were placed in the left lateral recumbent position during the endoscopic procedure and endoscopic ultrasonography-guided fine needle
aspiration was performed using a linear array echo-endoscope. A: Patients were placed in the left lateral recumbent position during the endoscopic procedure
and endoscopic ultrasonography-guided fine needle aspiration was performed using a linear array echo-endoscope; B: A 22G needle was used to puncture the
pancreatic lesion; C: The lesion was in the body of the pancreas; D: The diagnosis of histology was adenocarcinoma.

who provided nursing care for the patients. All the
physicians in this study were trained in cardiopulmonary
resuscitation and tracheal intubation, ensuring that
patients received timely basic cardiac life support.
Patients’ blood pressure, oxygen saturation, and heart
rates were monitored closely, and the monitor set off an
alarm if the oxygen saturation dropped to < 95% or the
heart rate decreased to < 50 beats/min (bpm). Blood
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pressure was measured automatically every 3 min, and
the monitor alarm went off if the systolic blood pressure
was < 90 mmHg. Continuous electrocardiogram (ECG)
monitoring was performed in all patients. The auxiliary
nurse helped to observe patients’ thoracic movements
and respiratory rates, and assisted endoscopic phy
sicians to adjust the nitrous oxide inhalation flow
promptly according to the depth of sedation, the
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specific circumstances of the patients, and examination
during endoscopic operation. The auxiliary nurses were
also responsible for monitoring the patients until 10
min after the termination of nitrous oxide inhalation to
ensure that their vital signs were stable.

Safety evaluation

Patients were monitored closely and the following
negative events were recorded: oxygen desaturation
(oxygen saturation < 95%, but ≥ 90%), hypoxia
(oxygen saturation < 90%, but ≥ 85%), severe
hypoxemia (oxygen saturation < 85%), hypotension
(systolic blood pressure < 90 mmHg), bradycardia
(heart rate < 50 bpm), and tachycardia (heart rate >
120 bpm).
Patients and endoscopists completed questionnaires
regarding their degree of satisfaction with the
examination process, and scored them on a visual
analog scale (VAS) scale. The following questions
were included: (1) evaluation of the operation by the
endoscopist: (smooth, ordinary, not smooth); (2)
patient discomfort during the operation process (slight,
moderate, severe); (3) patient tolerance with the
examination process (good, medium, and low); and (4)
willingness to receive the same examination again if
needed (yes, no).

Treatment of complications

The endoscopy procedure was suspended and the
inhalation of nitrous oxide in the experimental group
was reduced or suspended and replaced by inhalation
of pure oxygen if the patients experienced blood
oxygen saturation < 95%, systolic blood pressure <
90 mmHg, or a heart rate < 50 bpm. If the above
parameters were immediately restored to normal
levels, the operation was continued and patients
in the experimental group were given inhalational
nitrous oxide at a slightly reduced flow rate than
before. However, if the above-mentioned parameters
persisted for > 1 min, the operation was terminated.
If patients in the experimental group showed signs
of excessive inhalation, nitrous oxide was reduced or
terminated and replaced by oxygen inhalation. Signs
of excessive inhalation of nitrous oxide included the
following: disappearance of original signs of comfort
and relaxation; new or sudden intolerance, dizziness,
vertigo, agitation, or irritability; repeated or ambiguous
words and poor response to verbal commands;
fixation of eyes and unresponsiveness; sleepiness and
difficulty keeping eyes open, or drowsy; dreaming or
fantasizing; uncontrolled laughter; stopping breathing;
or nausea and vomiting.

Statistical analysis

All the measured data were presented as means. All
analyses were performed using SPSS 16 statistical
software.
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RESULTS
A total of 2877 patients required EUS examinations
from March 1 2015 to May 31 2016, of whom 42
patients who required EUS-FNA were enrolled in
the study (1.5%) according to the above criteria.
There were 21 patients in the control group (pure
oxygen group) and 21 patients in the experimental
group (nitrous oxide group). There was no significant
difference in ASA, age, or sex between the two groups.
One patient failed to finish the EUS examination
(difficulty in passing through the throat), and was
excluded from the current study. The remaining
41 patients (20 in the control group and 21 in the
experimental group) completed the examination and
the relevant questionnaires, including 16 women
and 25 men, average age 42.4 years, (range, 27-69
years). The average time to completion of EUSFNA was 29 min (range, 14-47 min). The maximal
concentration of nitrous oxide used varied among
cases and ranged from 30%-70%.
The ECG monitoring results are shown in Table
1. Among the 21 patients in the nitrous oxide group
who completed the examination, one patient (4.8%)
experienced temporary oxygen desaturation and
one experienced hypoxemia (4.8%). The symptoms
resolved immediately after termination of nitrous
oxide inhalation and inhalation of pure oxygen, with
no decline in oxygen saturation after the restart
of nitrous oxide inhalation. No patients developed
severe hypoxemia, bradycardia (heart rate < 50
bpm), systolic blood pressure < 90 mmHg during the
examination process, or tachycardia (heart rate > 120
bpm). There was no significant difference in heart rate,
oxygen saturation level, or ECG changes between the
two groups.
The results of the questionnaires completed by
the physicians and patients are listed in Table 2 and
the VAS scores are listed in Table 3. All physicians
and patients completed the questionnaires. Physician
and patient satisfaction with the examination process
was significantly higher in the nitrous oxide group
compared with the pure oxygen group (patient scores
87 vs 72, t = 4.702, P < 0.05; physician scores 91
vs 70, t = 10.163, P < 0.05). Among the 21 patients
in the nitrous oxide group, 18 (85.7%) were willing
to receive the same examination again if required,
compared with only 9 of 20 (45%) in the control group.

DISCUSSION
EUS has been widely used in the diagnosis and
treatment of digestive tract diseases. It can get
closer to the common bile duct and pancreas than
transabdominal ultrasound, thus avoiding interference
from digestive tract gases and resulting in clearer
imaging, and is considered to be preferable to com
puted tomography and magnetic resonance imaging
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Table 1 Electrocardiogram changes in patients during examination
Group

Heart rate

Experimental
Control
P value

> 120 bpm

< 50 bpm

Oxygen desaturation

Oxygen saturation
Hypoxia

Severe hypoxia

Significant change in
electrocardiogram

0
2
> 0.05

0
0
> 0.05

1
1
> 0.05

1
2
> 0.05

0
0
> 0.05

0
0
> 0.05

Table 2 Results of questionnaire
Group

Evaluation by physicians

Experimental
Control
P value

Patient discomfort

Patient tolerance

Steady

Ordinary

Not steady

Mild

Moderate

Severe

Good

Medium

Poor

17
11
< 0.05

3
2

1
8
< 0.05

18
6
< 0.05

2
3

1
12
< 0.05

18
9
< 0.05

3
5

0
7
< 0.05

Table 3 Patient and physician visual analog scale scores for examination process
Group
Experimental
Control
P value

Patient satisfaction score

Physician satisfaction score

Willing to receive same examination again n (%)

87
72
< 0.05

91
70
< 0.05

18 (85.7)
9 (45)
< 0.05

for the diagnosis of small pancreatic lesions. Numerous
studies have demonstrated unique advantages of
EUS for the diagnosis of gastrointestinal submucosal
tumors. Furthermore, EUS-FNA is the first choice
of diagnostic procedure in many diseases, such as
pancreatic, gastrointestinal subepithelial, and me
[1-6]
diastinal lesions . However, the use of a long hard
endoscope means that it is much more uncomfortable
than general gastroscopy, and cannot be tolerated
by some patients. Although EUS can be performed
under intravenous propofol anesthesia, some lesions
can only be displayed clearly after gastric infusion of
water, which increases the risk of aspiration during
intravenous propofol anesthesia. The success rate of
EUS could therefore be improved by establishing a
method for reducing pain and discomfort and increasing
patient tolerance.
Nitrous oxide is an inhaled sedative and analgesic
agent, which passes through the blood-brain barrier
into the brain and functions by inhibiting excitatory
neurotransmitter release and nerve impulse conduction
in the central nervous system, and altering the per
meability of ion channels. Nitrous oxide does not
stimulate the respiratory tract or bind to hemoglobin,
and does not cause respiratory depression or damage
heart, lung, liver, or kidney function. Nitrous oxide
sedation is currently used widely in clinical situations,
including in emergency surgery, dentistry, childbirth,
abortion and curettage, and pediatrics, and can also be
applied for gastrointestinal endoscopic sedation. Nitrous
oxide-sedated endoscopy examinations have been
[8-22]
shown to be safe and effective
, and nitrous oxide
has proven a safe and effective choice for colonoscopy
[8-10,12,17,19-22]
sedation and analgesia
. However, nitrous
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[8]

oxide is rarely used for EUS. Lan et al compared
the diagnostic accuracy, safety, complications, and
patient and examiner satisfaction among different
sedation approaches in patients undergoing upper
gastrointestinal endoscopy. Patients in the nitrous oxide
sedation group reported greater satisfaction with the
endoscopy procedure than patients in the conventional
group (no sedation), with overall better tolerance and
less pain, nausea, and vomiting (P < 0.05). A review of
[9]
11 studies by Welchman et al concluded that nitrous
oxide provided comparable analgesia to intravenous
sedation for patients undergoing colonoscopy. Wang
[10]
et al
first mentioned the use of nitrous oxide in
EUS, and concluded that it offered a comfortable,
safe and feasible option, especially for procedures
[13]
requiring irrigation. Michaud and Gottrand
showed
that the time taken to regain consciousness was
short following nitrous oxide sedation, which could
effectively meet the sedative requirements for children
undergoing gastroscopic examination, thus providing
a valuable alternative method of sedation. Michaud
[14]
et al compared the sedative effects of propofol and
nitrous oxide in patients undergoing colonoscopy, and
showed that both agents had similar sedative and
pain-relieving effects, facilitated the operation, and
shortened recovery time. In addition, nitrous oxide has
demonstrated minimal effects on nerve function and
[15]
therefore does not affect the patient’s ability to drive .
In this study, we monitored heart rate, blood
oxygen saturation, blood pressure, and ECG in patients
undergoing EUS under nitrous oxide sedation. Nitrous
oxide had minimal effects on all these parameters,
similar to the effects of pure oxygen. Patient and
endoscopist satisfaction surveys and VAS scores

10246

December 14, 2016|Volume 22|Issue 46|

Wang CX et al . NO-sedated EUS-FNA
indicated that the use of nitrous oxide significantly
increased patient tolerance to EUS. Nitrous oxide
sedation therefore represents a safe and effective
choice in patients undergoing EUS-FNA.

4
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Abstract
There are diverse protocols to manage patients with
recurrent disease after primary cytoreductive surgery
(CRS) with hyperthermic intraperitoneal chemotherapy
(HIPEC) for peritoneal carcinomatosis. We describe
a case of metachronous liver metastasis after CRS
and HIPEC for colorectal cancer, successfully treated
with a selective metastectomy and partial graft of the
inferior vena cava. A 35-year-old female presented
with a large tumour in the cecum and consequent
colonic stenosis. After an emergency right colectomy,
the patient received adjuvant chemotherapy. One year
later she was diagnosed with peritoneal carcinomatosis,
and it was decided to carry out a CRS/HIPEC. After
2 years of total remission, an isolated metachronous
liver metastasis was detected by magnetic resonance
imaging surveillance. The patient underwent a third
procedure including a caudate lobe and partial inferior
vena cava resection with a prosthetic graft interposition,
achieving an R0 situation. The postoperative course
was uneventful and the patient was discharged on
postoperative day 17 after the liver resection. At
18-mo follow-up after the liver resection the patient
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remained free of recurrence. In selected patients, the
option of re-operation due to recurrent disease should
be discussed. Even liver resection of a metachronous
metastasis and an extended vascular resection are
acceptable after CRS/HIPEC and can be considered as
a potential treatment option to remove all macroscopic
lesions.
Key words: Cytoreductive surgery; Liver resection;
Hyperthermic intraperitoneal chemotherapy; Colorectal
cancer; Liver metastasis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Treatment of liver recurrence after a cyto
reductive surgery and hyperthermic intraperitoneal
chemotherapy is a great challenge. We report here
the case of a young patient with metachronous liver
metastases who was treated with a limited resection of
segment Ⅰ of the liver and vascular graft interposition
of the inferior vena cava achieving a long-term survival.
The surgical approach of these patients is extremely
complicated and often requires complex major surgical
procedures.
Sánchez-Velázquez P, Moosmann N, Töpel I, Piso P. “En
bloc” caudate lobe and inferior vena cava resection following
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy for peritoneal and liver metastasis of colorectal
cancer. World J Gastroenterol 2016; 22(46): 10249-10253
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i46/10249.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i46.10249

INTRODUCTION
Peritoneal carcinomatosis (PC) is the second most
common presentation of metastatic colorectal cancer
and is diagnosed in up to 4%-6% of these cases.
Twenty five percent of these patients have the peri[1]
toneum as the only site of disseminated disease .
PC was traditionally considered the last stage of the
disease and was associated with a poor prognosis
so that patients were often relegated to palliative
systemic therapies. In recent decades multimodal PC
treatment has made great advances; cytoreductive
surgery (CRS), hyperthermic intraperitoneal chemotherapy (HIPEC) and systemic chemotherapy have
shown promising results and have become standard
[2-7]
therapy for PC patients in several countries . Various
studies have reported that patients undergoing CRS
with total macroscopic cytoreduction and HIPEC may
achieve prolonged overall survival and potentially even
[4,8,9]
a complete cure in selected patients
.
Up to 80% of patients with PC of colorectal origin
[10,11]
treated with CRS and HIPEC are likely to recur
.
In selected cases the possibility of a reoperation
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due to recurrence or even an extensive abdominal
surgical procedure can be individually assessed. The
data available on this approach show favourable longterm outcomes with similar morbidity and mortality
[12-15]
to that of initial CRS/HIPEC
. Simultaneous or
staged combined CRS and liver resections have also
been performed with comparable morbidity and long[16]
term results . In this report we describe the case
of a young female patient with metachronous liver
metastasis after CRS and HIPEC for colorectal cancer
successfully treated by a selective liver and vascular
resection.

CASE REPORT
A 35-year-old female was referred to our emergency
unit in February 2011, presenting with abdominal distension, pain, and vomiting for 3 d. Her medical history
was only remarkable for asthma. Abdominal computed
tomography (CT) was performed and revealed a large
tumor in the cecum with consecutive colonic stenosis.
The patient underwent an emergency right colectomy,
and an R0 situation was achieved. Pathologic examination showed pT4a pN2a (4/22) cM0 poorly differentiated adenocarcinoma. Between March and August
2011 she received 12 cycles of adjuvant FOLFOX (folinic
acid, 5-fluorouracil, and oxaliplatin). In February 2012
a CT scan identified lesions in the peritoneum with
suspicions of peritoneal carcinomatosis. Our multidisciplinary tumour board decided on pursuing CRS with
HIPEC. Abdominal exploration revealed widespread
peritoneal carcinomatosis, especially in the pelvis
and a large tumor mass in the left sub-diaphragmatic
region with a peritoneal cancer index (PCI) of 14. Total
parietal and diaphragmatic peritonectomy, proctocolectomy with an end ileostomy, terminal ileum resection,
splenectomy, omentectomy, hysterectomy and bilateral salpingo-oophorectomy (CCR-0) were performed
to remove the macroscopic tumor. HIPEC was carried
out to treat the microscopic residual with mitomycin
C, according to the closed-abdomen technique. The
postoperative course was uneventful and the patient
was duly discharged from hospital. At this time, no further chemotherapy was recommended as the patient
had completed adjuvant chemotherapy after the first
operation and a R0 situation was achieved. Adjuvant
systemic chemotherapy, according to our institution
protocols, is performed only in chemo naïve patients.
From February 2012 until June 2014 the patient stayed
free from recurrence. In July 2014 abdominal magnetic resonance imaging (MRI) surveillance revealed
a solid tumor in segment 1 of the liver (Figure 1) so
the patient underwent explorative laparotomy. During
the procedure no evidence of a peritoneal recurrence
was shown but many adhesions were found from the
previous operations. A 4 cm tumor was identified in
the caudate hepatic lobe infiltrating the inferior vena
cava (IVC). The distal cava was mobilized towards the
left renal vein and was divided at a level free of tumor
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A

B

Figure 1 Magnetic resonance imaging shows an isolated liver metastasis in caudate lobe of the liver.

A

B

Figure 2 Distal inferior vena cava. A: Tumor mass infiltrating the inferior
vena cava (ICV) at the bifurcation of the renal veins (vessel loop); B: Vascular
interposition graft after partial resection of the IVC.

(Figure 2A). Liver segment 1 was transected following
the clamp-crushing technique and ICV cranial to the
tumor was dissected and divided under the major
suprahepatic trunks. Vascular continuity was restored
using a prosthetic graft interposition sutured with a
running suture of prolene 5/0 onto the proximal and
distal IVC (Figure 2B). The postoperative course was
mainly uncomplicated except for right pleural effusion,
initially managed conservatively with diuretic therapy,
and later by thoracocentesis. The patient was finally
th
discharged on the 17 postoperative day. Pathological examination revealed a poorly differentiated
adenocarcinoma with identical immunohistochemical
phenotype as previously. At this point it was decided
not to continue with chemotherapy, as a CCR-0 situation had been surgically achieved and the patient had
completed the 12-cycle adjuvant treatment in the past
(Table 1). Eighteen months after metastasis resection
of the liver and 4 years after CRS and HIPEC, the
patient shows no evidence of neoplastic disease.

DISCUSSION
After initial CRS and HIPEC, recurrences are mostly
intra-abdominal, even if complete cytoreduction is
[17]
achieved . Protocols differ among the different
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institutions, thus a number of different treatments
are applied in high-volume centres, including chemotherapy, tumour debulking or re-do surgery for
intraadominal metastasis.
The presence of synchronous liver metastases
(LM) and PC was traditionally a contraindication for
cytoreductive surgery. However, it has been shown
that selected patients with low PCI and three or fewer
LM can achieve prolonged survival if a liver resection is
[16,18]
performed simultaneously
. A recent meta-analysis
[19]
by Cuba et al
shows improved overall survival (OS)
in patients who were treated with CRS and HIPEC
and curative treatment of LM as compared to patients
treated with modern systemic chemotherapy alone.
Nevertheless, it remains unclear which approach
should be used in patients with isolated metachronous
LM, as in our case report. Iterative cytoreductive surgery is feasible in cases of recurrence and appears to
[20]
be worthwhile in terms of long-term outcomes . The
study by Sugarbaker and colleagues was on one of
the largest series and included 70 patients with PC of
[15]
colorectal origin . This study showed that 53% of the
patients had at least one reoperation after the initial
cytoreduction. The overall survival of patients with
repeated surgery approach was significantly longer (39
[13]
mo vs 20 mo). Brouquet et al
reported on a cohort
of 20 patients with repeat CRS + intraperitoneal chemotherapy (IPC) for isolated peritoneal tumour recurrence of all origins. Five- and 10-year overall survival
(OS) rates were 72.5% and 58.1% respectively.
Even though they studied selected groups of
patients, the studies by Sugarbaker and Brouquet
underline the possibility of highly favourable outcomes
and even long-term survival in palliative patients with
recurrence of peritoneal carcinomatosis.
[12]
In this context, the study by Kianmanesh et al
included 43 patients with PC of colorectal cancer origin
who underwent CRS/HIPEC and specifically evaluated
the role of simultaneous liver resection. They concluded that patients with colorectal PC, iterative CRS
and HIPEC achieved appreciable long-term survival
and that liver metastasis resection did not negatively
influence the postoperative outcomes. However, they
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Table 1 History and detail surgical treatment of our patient's disease
Time point

Diagnosis

Procedure

2011

Stenotic tumour of the cecum

2012

Peritoneal carcinomatosis
PCI = 14

Right Colectomy
Adjuvant chemotherapy (12 cycles with folinic acid, 5-fluorouracil, and oxaliplatin)
CRS (CCR-0)
Total parietal and diaphragmatic Peritonectomy
Proctocolectomy with end ileostomy
Terminal ileum resection
Splenectomy
Omentectomy
Hysterectomy
Bilateral salpingo-oophorectomy
HIPEC
43.8 mg Mitomycin C intraperitoneal (1 h)

2014

Liver metastases segment Ⅰ with ⅣC infiltration

2016

Resection of liver segment Ⅰ
Partial resection of ⅣC with prosthetic graft interposition
Cholecystectomy
Partial adrenalectomy

No evidence of neoplastic disease

PCI: Peritoneal cancer index; CRS: Cytoreductive surgery; HIPEC: Hyperthermic intraperitoneal chemotherapy.

did not specify whether an extended vascular resection
was performed or if liver resections were performed in
cases of metachronous LM.
Achieving complete cytoreduction in most cases
is challenging and implies an aggressive approach
combining major surgical procedures not exempt
from complications. In selected cases, as in the one
presented here, the option of re-do surgery for liver
metastasis is feasible. Even extended vascular resection is acceptable after CRS/HIPEC and can be considered as a potentially curative treatment option. Early
detection of tumour recurrence through a close followup is essential, as well as a multidisciplinary assessment of patient selection. The patients should then
be referred to a centre specialized in the treatment of
peritoneal and liver metastases. In the present case,
staged resection of both metastatic sites achieved
long-term survival for a young female patient. To our
knowledge, this is this first report on liver resection
due to metachronous liver metastases following CRS
and HIPEC.

Imaging diagnosis

COMMENTS
COMMENTS

1

MRI showed a solid tumor in segment 1 of the liver.

Pathological diagnosis

pT4a pN2a (4/22) cM0 poorly differentiated adenocarcinoma.

Treatment

Complete surgical excision of lesion.

Related reports

There are currently no other reports of surgical excision of a liver metastasis in
the caudate lobe two years after a cytoreductive surgery.

Experiences and lessons

The report is good example of patient tailored treatment in cases where
guidelines are missing or suggest only palliative or best supportive care. It is
also novel to perform such an extensive surgery after cytoreductive surgery and
HIPEC.

Peer-review

The paper is well written.
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Gallbladder cancer (GBC), although considered as a rela
tively rare malignancy, is the most common neoplasm
of the biliary tract system. The late diagnosis and
abysmal prognosis present challenges to treatment.
The overall 5-year survival rate for metastatic GBC
patients is extremely low. BRCA1 and BRCA2 are the
breast cancer susceptibility genes and their mutation
carriers are at a high risk for cancer development, both
in men and women. Olaparib, an oral poly ADP-ribose
polymerase inhibitor, has been approved by the Food
and Drug Administration and the European commission
for the treatment of ovarian cancer with any BRCA1/2
mutations. The first case of a BRCA1 -mutated GBC
patient who responded to olaparib treatment is reported
here.
Key words: BRCA ; Mutation; Olaparib; poly ADP-ribose
polymerase inhibitor; Gallbladder cancer
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Figure 1 Histologic examination indicated gallbladder cancer with hepatic
infiltration.
chr17: 41,244,976

Blood

Core tip: Gallbladder cancer (GBC) is the most common
neoplasm of the biliary tract system. BRCA1 , the first
major breast cancer susceptibility gene, has been widely
studied in breast and ovarian cancers. Olaparib, an oral
poly ADP-ribose polymerase (PARP) inhibitor, has been
approved by the Food and Drug Administration and
the European Commission for the treatment of ovarian
cancer with any BRCA1/2 mutations. However, there
is no report of a germline BRCA1 functional mutation
in GBC prior to this case. Even further, the GBC with
a BRCA1 mutation responded to the PARP inhibitor
olaparib.

INTRODUCTION
Gallbladder cancer (GBC) derives from the mucosal
epithelial lining of the gallbladder and the cystic
duct. It is a relatively rare malignancy, but is the most
frequent malignant neoplasm of the biliary tract
system. Epidemiological studies have demonstrated
that the incidence of GBC is characterized by remarkable
geographic distribution and ethnic disparities. The
incidence is extraordinarily high in American Indians,
elevated in Southeast Asia and quite low elsewhere in
[1]
the Americas . Although GBC limits in Southeast Asia,
with increasing global migration, the incidence is also
increasing in the west, and spreads worldwide. The
prognosis of GBC is dismal and the median survival
for locally advanced GBC with non-surgical treatment
[2]
is about 8 mo . Some patients detected incidentally
during routine cholecystectomy for cholelithiasis have
a long-term survival, but they only account for 2%
[3]
of all cases with GBC . Clinically, the adjuvant treat
ment for GBC is gemcitabine or 5-fluorouracil-based
[4]
chemotherapy, with or without radiotherapy . Even
though the response rate remains low, there is no
effective treatment. Here we report that a BRCA1mutated GBC patient responded to the poly ADPribose polymerase inhibitor (PARPi) olaparib.

CASE REPORT
A 74-year-old man, with a past history of primary
hypertension, atrial fibrillation, coronary disease and
cholelithiasis, presented with epigastric pain. The
patient underwent a robot-assisted prostate cancer
surgery on November 29, 2013, and his mother had
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Q858* (G>A)
Reference: 187
Variant: 180

BRCA1

Figure 2 Genomic images from the integrated genome viewer for the
alteration in BRCA1 found in the patient’s blood sample. The number of
reads for the reference allele and variant allele are shown for each alteration.

died of esophageal cancer. Computed tomography
(CT) of the abdomen revealed multiple low-density
intrahepatic lesions as well as the gallbladder lesion on
May 7, 2015. PET-CT revealed multiple hypermetabolic
intrahepatic lesions apart from the porta hepatis
on May 14, 2015. A laparoscopic exploration was
performed and an intrahepatic biopsy was conducted
on May 26, 2015. Histologic examination indicated
GBC (Figure 1). Considering the dismal prognosis and
his poor physical condition, systemic chemotherapy
was not preferred. After having obtained consent from
the patient and his family, we tested the tissue. Two
specimens from different liver metastases and a blood
sample were sent for next generation sequencing
panel. We detected all genomic alteration types on
over 390 genes commonly associated with cancers
and found a somatic MET P1086A mutation in one of
two liver metastases, but there was no literature to
confirm this was a functional mutation. Bioinformatics
analysis also suspected MET P1086A could have an
impact on MET function. However, we also detected
a germinal BRCA1 Q858* mutation in both liver me
tastases and further Sanger sequencing confirmed
this result (Figure 2). Furthermore, the patient’s
offspring and siblings also had been screened for BRCA
mutation from their saliva samples, and some family
members were also BRCA1 Q858* mutation carriers
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Figure 3 Pedigree of 74-year-old man affected by gallbladder cancer found to be carrier of BRCA1 gene mutation (indicated with arrow). Black denotes
carrier of BRCA1 mutation.

Figure 4 Baseline (July 21, 2015) computed tomography of the abdomen revealed many intra- and extra-hepatic lesions before initiating olaparib
treatment.

(Figure 3). The nonsense mutation may lead to the
premature termination of BRCA1 protein translation
and nonsense-mediated mRNA decay, and the loss-offunction disenables its involvement in transcriptional
regulation of gene expression and repair of DNA
[5]
damage, particularly double-strand breaks . Several
studies have demonstrated that BRCA1 mutations
increase the risks of breast, ovarian, prostate and
[5-7]
pancreatic cancer
. Poly ADP-ribose polymerase
(PARP) inhibitors have been studied as potential cancer
therapeutics by means of inhibiting base excision
[8,9]
repair (BER) as well as by trapping PARP . A number
of clinical trials have shown patients with germline
BRCA1/2 mutations, especially in breast and ovarian
cancer, to receive PARP inhibitor olaparib with survival
[10-12]
benefit
. Based on the gene alteration testing
report and the clinical trial studies, the patient was
started on olaparib 400 mg twice daily on July 21,
2015 (Figure 4). The patient could tolerate the dose,
and subsequently his pain was relieved significantly.
On August 23, 2015, CT of the abdomen revealed
the shrinkage of both intra- and extra-hepatic lesions
and some extra-hepatic lesions even appeared to be
invisible (Figure 5). The patient responded well to
olaparib until the occurrence of obstructive jaundice.
On October 9, 2015, CT of the abdomen indicated

WJG|www.wjgnet.com

that intrahepatic lesions had dwindled; nevertheless,
extrahepatic lesions became large and progressed
(Figure 6). Subsequently, percutaneous transhepatic
cholangiodrainage was performed to reduce the
serum bilirubin level and the olaparib treatment was
suspended from that time. We intended to resume
olaparib treatment in combination with platinum agents
at a later date. Unfortunately, the patient passed away
as a result of severe biliary tract infection on November
25, 2015.

DISCUSSION
Like other cancers, substantial molecular alterations
in genes contribute to the pathogenesis of GBC.
Hitherto, in GBC, over 1450 single nucleotide variants,
34 deletions have been reported. The most frequent
mutations are TP53 (18%-63%), KRAS, ERRB3 and
[13]
ERBB2 (HER2) . BRCA1, the first major breast
cancer susceptibility gene, has been widely studied
in breast and ovarian cancers. However, there is no
report of germline BRCA1 functional mutation in GBC
prior to this case. Even further, the GBC with a BRCA1
mutation responded to the PARP inhibitor olaparib.
Association of BRCA1/2 mutations with susceptibility
to breast and ovarian cancer has been investigated for

10256

December 14, 2016|Volume 22|Issue 46|

Xie Y et al . BRCA1 -mutated gallbladder cancer

Figure 5 One month post-olaparib treatment (August 23, 2015). Computed tomography of the abdomen revealed shrinkage in both the intra- and extra-hepatic
lesions and extra-hepatic lesions even appeared to be invisible.

Figure 6 Two and half months post-olaparib treatment (October 9, 2015). Computed tomography of the abdomen indicated that intrahepatic lesions dwindled;
nevertheless, extrahepatic lesions became large and progressed.

years. It is estimated that about 60% of women with
[14]
BRCA1/2 mutations have developed breast cancer .
A woman who carries a germline BRCA1/2 mutation
could be 5 times more likely to develop breast cancer
[15]
than one who does not carry any BRCA1/2 mutation .
Men who have BRCA1/2 mutations are more likely to
have prostate or pancreatic cancers. Men are 3.5 times
and 8.6 times more likely to develop prostate cancer
for BRCA1 and BRCA2 mutation carriers by age 65,
[16]
respectively . Similar to prostate cancer, BRCA1/2
poses a risk of pancreatic cancer development. Overall,
BRCA1 mutation increases the risk by 0- to 4.11-fold,
while the BRCA2 mutation increases the risk by 2.13[17]
to 21.7-fold .
The BRCA proteins play a pivotal role in repair of
double-strand DNA breaks via homologous recom
bination (HR). Due to deficiency in BRCA proteins,
BRCA-mutated cells are not capable of locating the
DNA recombinase RAD51 to damaged DNA and hence
are unable to perform HR efficiently. Subsequently,
an error-prone DNA repair mechanism, such as nonhomologous end joining, is compelled to be used by
cells, which often leads to cell death. BER, as one
of the single-strand DNA break repair mechanisms,
is crucial to address damaged single-strand DNA.
Olaparib is an oral PARPi, and it was approved by
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the Food and Drug Administration and European
Commission for the treatment of ovarian cancer with
any BRCA1/2 mutations in 2014. Olaparib, by means
of blocking BER, can convert single-strand DNA breaks
to double-strand breaks, which gives rise to selective
death of HR-deficient tumor cells. Mounting evidence
has indicated that BRCA-mutated cancers are highly
sensitive to PARP inhibitors and platinum agents.
Compared with wild-type cells, BRCA-mutated cells
are 1000-fold and 5-fold more sensitive to PARPi and
[18,19]
platinum agents, respectively
.
In this case, we observed that the intrahepatic
lesions had a favorable response to olaparib, while
the extrahepatic lesions had a progression with the
emergence of olaparib resistance. Despite the fact
that olaparib holds considerable promise in targeted
therapies for BRCA-mutated breast or ovarian
cancers, drug resistance has became a potential
issue. So far, several resistance mechanisms have
been proposed. Olaparib-triggered secondary BRCA
mutations are perhaps considered as the most wellvalidated mechanism in patients; others include upregulation of PgP transporter, loss of 53BP1 as well as
[20-22]
PARP expression
. The comprehensive genomic
alteration testing may provide novel clinical strategies
for personalized therapy in advanced GBC. More
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mechanisms regarding chemoresistance are expected
to be explored and understood in the future, which will
help develop strategies to re-sensitize tumor cells to
PARPi and improve the long-term effectiveness.

Peer-review

This is a very interesting case report. In this manuscript, the authors reported a
74-year-old man, with a past history of primary hypertension, atrial fibrillation,
coronary disease and cholelithiasis, who presented with epigastric pain.
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Abstract
Schwannomas are mesenchymal neoplasms with low
malignant potential that arise from Schwann cells. They
can occur almost anywhere, although the most common
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locations are the head, neck and extremities. Primary
benign schwannoma of the hepatoduodenal ligament is
rare. To date, only three cases have been reported in
the English literature. In the present study, we report
a case of hepatoduodenal ligament schwannoma in a
43-year-old male, who was admitted to our hospital
because of a abdominal mass found by physical
examination. It was hard to determine the definitive
location and diagnosis of the mass using ultrasound,
computed tomography and magnetic resonance cholan
giopancreatography. During laparotomy, the mass was
found in the hepatoduodenal ligament and close to
the cholecystic duct, so we resected the gallbladder
and cholecystic duct along with the mass. The gross
specimen revealed an 8.5 cm × 5.5 cm × 3.0 cm
localized tumor. Microscopic examination showed that
the tumor was mainly composed of spindle-shaped
cells. Immunohistochemical staining showed a strong
positive S-100 protein reaction. Finally, the lesion was
diagnosed as a benign schwannoma in the hepato
duodenal ligament. However, one month later, the
patient was readmitted to our hospital because of
skin and sclera jaundice caused by common bile duct
stenosis without common bile duct stone or tumor.
The patient recovered well after implantation of a
common bile duct stent under endoscopic retrograde
cholangiopancreatography. He was followed up for
a period of 17 mo, during which he was well with no
complications.
Key words: Schwannoma; Hepatoduodenal ligament;
Endoscopic retrograde cholangiopancreatography;
Laparotomy; Jaundice
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To date, only three cases of the hepato
duodenal ligament schwannomas have been reported
in the English literature. We present the fourth
hepatoduodenal ligament schwannoma. It is challenging
to determine the location and obtain a precise diagnosis
prior to operation. Following complete tumor excision,
patients with benign schwannomas generally have
a good prognosis. Common bile duct stenosis after
resection of the schwannoma in hepatoduodenal
ligament has not been reported and we present the
first one cured by implanting a common bile duct stent
under endoscopic retrograde cholangiopancreatography.
We also conduct a literature review so as to deepen the
understanding of the subject.
Xu SY, Sun K, Xie HY, Zhou L, Zheng SS, Wang WL.
Schwannoma in the hepatoduodenal ligament: A case report
and literature review. World J Gastroenterol 2016; 22(46):
10260-10266 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i46/10260.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i46.10260
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INTRODUCTION
Schwannomas are neurogenic tumors originating
[1]
from the Schwann cells in nerve sheaths . They can
occur in patients at all ages with no obvious gender
difference. As revealed by cytogenetic analysis, most
schwannomas showed either monosomy 22 or loss of
[2]
22q material . More than 90% of schwannomas are
benign and comprise about 5% of benign soft-tissue
[3,4]
neoplasms . They can arise in almost every location,
although the most common sites are the head, neck
[5]
and extremities . Schwannomas in the hepatoduodenal
ligament are uncommon and only three cases have
[6-8]
been reported in the English literature
. Patients
with schwannomas in the hepatoduodenal ligament
are normally asymptomatic and the tumors are found
incidentally. We present a case of hepatoduodenal
ligament schwannoma in a 43-year-old male and
review the literature. He is believed to be the first
patient with subsequent common bile duct stenosis
after complete removal of hepatoduodenal ligament
schwannoma and to be cured by implantation of a
common bile duct stent under endoscopic retrograde
cholangiopancreatography (ERCP).

CASE REPORT
On November 21, 2014, a 43-year-old male was
admitted to our hospital for physical examination.
His abdomen was soft, lax and nondistended without
evidence of a palpable mass. His family history had no
significant disease. Laboratory results were normal.
Ultrasound (US) revealed an 8.3 cm × 5.2 cm, welldefined hypodense lesion, between the pancreatic
head and portal vein. No blood flow signal was found
within the mass by Color Doppler US. An unenhanced
computed tomography (CT) scan showed an 8.2 cm
× 5.1 cm well-defined cystic and solid mass above
the pancreatic head and adjacent to the common
hepatic artery. The pancreaticoduodenal artery was
compressed by the mass. On contrast-enhanced CT,
the mass showed no obvious enhancement (Figure
1B). Computed tomography angiography showed that
the blood supply of the tumor was probably from the
branches of the pancreaticoduodenal artery (Figure
1C). Magnetic resonance cholangiopancreatography
(MRCP) showed that the mass was inhomogeneous
and hyperintense on T2-weighted images and probably
located in the pancreatic head, and the middle-low
segment of the common bile duct was compressed
(Figure 2). According to the imaging examinations, an
abdominal mass was primarily considered.
After sufficient preoperative preparation, explora
tory laparotomy was performed. We found a mass
surrounded by a fibrous capsule in the hepatoduo
denal ligament, closely adjacent to the gallbladder,
cholecystic duct, common bile duct, portal vein, right
hepatic artery, duodenum and postcava, without biliary
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Figure 1 Computed tomography findings. A: An unenhanced computed tomography (CT) scan showed an 8.2 cm × 5.1 cm well-defined cystic and solid mass
(arrow) above the pancreatic head and adjacent to the common hepatic artery; B: On contrast-enhanced CT, the mass (arrow) showed no obvious enhancement; C:
CT angiography showed that the tumor blood supply (arrow) was probably from branches of the pancreaticoduodenal artery.

A

B

Figure 2 Magnetic resonance cholangiopancreatography findings. A: Magnetic resonance cholangiopancreatography (MRCP) showed that the mass (arrow)
was inhomogeneous and hyperintense on T2-weighted images and probably located in the pancreatic head; B: The middle-low segment of the common bile duct was
compressed.

duct dilatation. The tumor blood supply was mainly
from the surrounding vessels of the duodenum. We
carefully separated these tissues around the tumor
and ligated the tumor blood vessels. However, the
mass and cholecystic duct were too close to separate,
so we resected the gallbladder and cholecystic duct
along with the mass. Intraoperative frozen-section
pathology could not offer an accurate diagnosis and
only suggested a soft-tissue tumor.
Macroscopically, there was a mass in the hepato
duodenal ligament 8.5 cm × 5.5 cm × 3.0 cm in size
and yellowish-white in color. Microscopically, the tumor
had a capsule that was adjacent to the cholecystic
duct (Figure 3A) and mainly consisted of spindleshaped cells with no atypia, compatible with a benign
schwannoma with both hypercellular and hypocellular
areas visible (Figure 3B). Immunohistochemical
investigation showed that protein S-100 was positive
(Figure 3C), while CD34 (Figure 3D), CD117 and smooth
muscle actin (SMA) were negative. Finally, the tumor
was diagnosed as schwannoma in the hepatoduodenal
ligament. After surgery, the patient recovered unevent
fully and left the hospital 6 d later.

WJG|www.wjgnet.com

However, one month later, the patient was read
mitted to our hospital because of skin and sclera
jaundice without abdominal distension, abdominal
pain, fever, nausea and vomiting. Laboratory results
were: total bilirubin 113 μmol/L (0-21), direct bilirubin
76 μmol/L (0-5), indirect bilirubin 37 μmol/L (3-14),
aspartate transaminase 301 U/L (8-40), alanine
transaminase 543 U/L (5-35), alkaline phosphatase
452 U/L (40-150), γ-glutamyl transpeptidase (GGT)
441 U/L (11-50) and creatinine 90 μmol/L (45-84). No
other abnormal laboratory results were found.
US showed that the intra- and extrahepatic bile
ducts were expanded. The diameter of the initial
segment of the common bile duct was 1.1 cm with
no mass or stones in the duct. MRCP showed that the
middle common bile duct segment was narrow and
even interrupted, while the higher common bile duct
segment and intrahepatic bile ducts were expanded
(Figure 4). So, the patient was diagnosed with jaundice
caused by common bile duct stenosis. Under ERCP, we
implanted a stent into the strictured common bile duct
(Figure 5). One day later, the patient recovered well
and left our hospital. He was followed up for 17 mo,
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Figure 3 Microscopic examination and immunohistochemical staining. A: Microscopically, the tumor (red arrow) with a capsule (black arrow) was adjacent to
the cholecystic duct (green arrow) (HE, × 200); B: The tumor mainly consisted of spindle-shaped cells with both hypercellular and hypocellular areas (HE, × 200).
Immunohistochemical investigation showed that the tumor was positive for protein S-100 (C) and negative for CD34 (D) (HE, × 100). HE: Hematoxylin and eosin.

L
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Figure 4 Magnetic resonance cholangiopancreatography findings after
surgery. Magnetic resonance cholangiopancreatography showed that the
middle common bile duct segment was narrow and even interrupted (arrow),
while the higher common bile duct segment and intrahepatic bile ducts were
expanded.

during which, he was well with no complications.

DISCUSSION
Schwannomas are neoplasms that originate from
[9]
Schwann cells of nerve sheaths . More than 90%
of schwannomas are benign and comprise only
[5]
approximately 5% of benign soft-tissue neoplasms .
Schwannomas can occur in patients at any age with no
significant gender difference, but are most commonly
[5]
found in patients between 20 and 50 years old . They
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can arise almost anywhere, although the head, neck
[10]
and extremities are the most common sites . In the
abdominal cavity, the retroperitoneum (6% of primary
[11]
[12]
retroperitoneal tumors) and stomach are the most
frequently involved sites. However, schwannomas in
[13]
[14]
the ligaments , bowel mesentery
and abdominal
[15]
[16]
organs including the gallbladder , pancreas
and
[17]
liver
are rare. To the best of our knowledge, only
three cases of schwannoma in the hepatoduodenal
[6-8]
ligament have been reported . The clinical chara
cteristics of these cases including the present one are
shown in Table 1. One patient was female and the
other three patients were male, aged 62, 29, 50 and
43 years, respectively (mean age, 46 years). One
patient presented with pain in the right abdomen
following trauma and a mass in the hepatoduodenal
ligament was occasionally found by imaging. The
remaining patients were all asymptomatic and the
masses were found by routine physical examination.
Although every patient received more than two
imaging examinations, none was accurately diagnosed
as schwannoma in the hepatoduodenal ligament
preoperatively.
Accurate preoperative diagnosis of the tumor is a
huge challenge because neither the clinical symptoms
nor the radiological characteristics of schwannomas are
specific. Definitive diagnosis can only be determined
by histopathological and immunohistochemical exa
minations of surgical specimens. Schwannomas are
encapsulated tumors that consist of hypercellular
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Table 1 Clinical characteristic of the four patients with benign schwannoma in the hepatoduodenal ligament
Ref.

Year Sex/age

Nagafuchi et al[6] 1993

Symptom

F/62

Asymptomatic
Asymptomatic

Pinto et al[7]

2011

M/29

Tao et al[8]

2016

M/50

Present case

2016

M/43

Imaging method

No.

US, CT, ERC,
Solitary
CA
US, endoscopy, Solitary
US, biopsy, MRI

Right abdominal
US, CT
pain
Asymptomatic US, CT, MRCP,
CTA, ERCP

Solitary

Size (cm)

Preoperative
diagnosis

Treatment

Follow-up
(mo)

Status

9 × 5 × 4.5

NA

Laparotomy

26

Survived

4.5 × 2.9

Spindle cell
neoplasia or
stromal tumor
Stromal tumor

Laparotomy

NA

NA

7

Survived

17

Survived

4.5 × 2.5 × 2.5

Laparoscopic
surgery
8.5 × 5.5 × 3.0 Abdominal mass Laparotomy

Solitary

NA: Not available; US: Ultrasound; CT: computed tomography; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance cholangiopancreatography;
CTA: Computed tomography angiography; ERC: Endoscopic retrograde cholangiography; CA: Celiac angiography; ERCP: Endoscopic retrograde
cholangiopancreatography.
[8]

Figure 5 Endoscopic retrograde cholangiopancreatography. Under
Endoscopic retrograde cholangiopancreatography, a stent was implanted into
the strictured common bile duct.

(Antoni type A) and hypocellular (Antoni type B)
areas, with varying amounts of these two histological
[8]
components . The former is composed of closely
packed spindle cells with occasional nuclear palisading,
as well as Verocay bodies. The latter consists of loosely
arranged tumor cells and abundant myxoid stroma.
Occasionally, these may degenerate and become
[8]
cystic . Immunohistochemically, schwannomas are
strongly positive for S-100, and negative for desmin,
[18]
smooth muscle myosin, SMA, CD34 and CD117 .
Precise diagnosis of these tumors prior to operation
is difficult. Multiple imaging modalities including
US, CT and magnetic resonance imaging (MRI) can
be performed to establish a probable diagnosis.
Schwanommas are usually showed as well-defined
hypodense lesions by US and no echoic enhancement is
[8]
demonstrated by Color Doppler US . On unenhanced
CT, schwannomas are usually well-defined hypodense
lesions with encapsulation and/or cystic degeneration.
Schwannomas with high Antoni A areas appear
inhomogeneous due to increased lipid content. Antoni
B areas of schwannomas appear cystic and multisep
tated and show low density due to loose stroma and
[2]
low cellularity . On contrast-enhanced CT, Antoni A
areas are usually enhancing lesions, whereas Antoni
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B areas are frequently nonenhancing lesions . On
MRI, the schwanommas typically appear hypointense
on T1-weighted images and inhomogeneous and
[2,19]
hyperintense on T2-weighted images
. By outlining
the degree of vascular involvement of the tumor, MRI
is also useful to assess the potential biological behavior
[19]
of these tumors as benign or malignant . Endoscopic
US (EUS) is helpful to clarify the location and nature of
[7]
the mass . In addition, celiac angiography can be used
[6]
to indicate the arteries supplying the tumor . EUSfine needle aspiration (FNA) may contribute to precise
[20]
preoperative diagnosis. In a case reported by Li et al ,
a pancreatic schwannoma was accurately diagnosed
preoperatively by EUS-FNA. In another report, three
cases of asymptomatic retroperitoneal tumors were
diagnosed as benign schwannomas by EUS-FNA, thus
[21]
avoiding surgical resection .
Surgery can demonstrate the tumor site and be
curative. In the present case, we found by laparotomy
that the mass was located in the hepatoduodenal
ligament and adjacent to important tissues and organs
including the gallbladder, cholecystic duct, common
bile duct, duodenum and postcava. The tumor vascular
supply was mainly from the surrounding vessels of the
duodenum. We carefully separated these tissues around
the tumor and ligated the blood vessels. However, the
mass and cholecystic duct was too close to separate,
so the gallbladder and cholecystic duct were removed
completely along with the tumor. Histopathological
and immunohistochemical examinations of surgical
specimens showed a schwannoma in the hepato
duodenal ligament. However, 1 mo later, the patient
was readmitted to our hospital because of jaundice and
diagnosed with obstruction of the common bile duct
without a mass or stones in the duct. Fortunately, the
patient was cured by implantation of a common bile
duct stent under ERCP.
In conclusion, schwannoma in the hepatoduodenal
ligament is rare. We have presented the fourth hepato
duodenal ligament schwannoma. It is a challenge to
determine the location and obtain a precise diagnosis
prior to surgery, although multiple imaging modalities
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are used. Following complete tumor excision, patients
with benign schwannomas generally have good
prognosis. Common bile duct stenosis after resection
of schwannoma in the hepatoduodenal ligament has
not been reported previously. We have presented the
first case to be cured by implantation of a common bile
duct stent under ERCP.
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Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

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

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

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
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Abstract
Laparoscopic liver resection (LLR) for tumors in the
posterosuperior liver [segment (S) 7 and deep S6] is

WJG|www.wjgnet.com

a challenging clinical procedure. This area is located in
the bottom of the small subphrenic space (rib cage),
with the large and heavy right liver on it when the
patient is in the supine position. Thus, LLR of this area
is technically demanding because of the handling of the
right liver which is necessary to obtain a fine surgical
view, secure hemostasis and conduct the resection
so as to achieve an appropriate surgical margin in the
cage. Handling of the right liver may be performed
by the hand-assisted approach, robotic liver resection
or by using spacers, such as a sterile glove pouch.
In addition, the operative field of posterosuperior
resection is in the deep bottom area of the subphrenic
cage, with the liver S6 obstructing the laparoscopic
caudal view of lesions. The use of intercostal ports
facilitates the direct lateral approach into the cage
and to the target area, with the combination of
mobilization of the liver. Postural changes during the
LLR procedure have also been reported to facilitate
the LLR for this area, such as left lateral positioning for
posterior sectionectomy and semi-prone positioning
for tumors in the posterosuperior segments. In our
hospital, LLR procedures for posterosuperior tumors
are performed via the caudal approach with postural
changes. The left lateral position is used for posterior
sectionectomy and the semi-prone position is used for
S7 segmentectomy and partial resections of S7 and
deep S6 without combined intercostal ports insertion.
Although the movement of instruments is restricted in
the caudal approach, compared to the lateral approach,
port placement in the para-vertebra area makes
the manipulation feasible and stable, with minimum
damage to the environment around the liver.

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: Laparoscopic liver resection for posterosuperior
tumors is technically challenging because this area is
located in the bottom of the small subphrenic cage,
overlaid by the right liver. Thus, obtaining a fine
surgical view is difficult and manipulation of the right
liver is required to ensure hemostasis and obtainment
of an appropriate surgical margin. The right liver may
be handled by the hand-assisted approach, robotic
liver resection, or a spacer-based approach. Intercostal
ports can facilitate a direct lateral approach into the
cage and postural changes may help. We successfully
apply semi-prone positioning in the caudal approach
without intercostal ports.
Morise Z. Laparoscopic liver resection for posterosuperior tumors
using caudal approach and postural changes: A new technical
approach. World J Gastroenterol 2016; 22(47): 10267-10274
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i47/10267.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i47.10267

INTRODUCTION
Laparoscopic liver resection (LLR) for liver tumors
has rapidly expanded worldwide since the first report
[1]
of its successful application 25 years ago . Indeed,
nd
in 2014, the 2 International Consensus Conference
on LLR (ICCLLR) reported that minor LLR (involving
two or less segments, mainly partial resection of
the antero-lateral segments and the left lateral
[2]
sectionectomy) is now standard practice . However,
it also reported that major LLR remains an innovative
procedure and recommended its continued, albeit
cautious, introduction. Although reports of major LLR
are increasing, there are several conditions that still
[3,4]
represent technical challenges to the procedure
and preclude its preference over the procedures of
[5]
living-donor liver resection and liver resection with
[6]
reconstruction of the vessels . LLR for tumors in the
posterosuperior liver [segment (S) 7 and deep S6,
around the bare area of the liver] is one of the last
frontiers to be discussed in this field.
The surgical difficulty of each LLR depends upon a
variety of factors, ranging from the style and extent
of liver resection to the tumor condition (size, location
and proximity to major vessels) and the background
liver condition (liver functional reserve, fibrosis,
steatosis, deformity and adhesion after previous
[7]
resection ). A novel difficulty score for LLR has been
proposed and is calculated by adding an applicable
score for the extent of liver resection, tumor location,
liver function, tumor size and tumor proximity to major
[8]
vessels . In this scoring system, a tumor located
in S7 earns the highest score, due to the difficulties
presented by its location.
Several researchers have reported on the significant
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technical challenges of LLRs for posterosuperior liver
[9-12]
tumors
. These tumors are located in the bottom
of the subphrenic rib cage, overlaid by the large and
heavy right liver when the patient is in the supine
position. To manipulate the liver during open liver
resection (OLR), a surgeon opens the subphrenic
cage with a large subcostal incision, lifts up the costal
arch, and physically picks up the liver with his/her left
hand after dissecting the retro-peritoneal attachments
(Figure 1). In LLR, however, there are no instruments
as nimble as the surgeon’s left hand and, moreover,
no anterior space without the abdominal wall incision.
Therefore, LLR of this area is technically demanding in
the handling of the large and heavy right liver in the
small subphrenic rib cage; obtaining a fine surgical
view is very difficult, as is the manipulation to ensure
hemostasis and obtainment of appropriate surgical
margin.
We previously reported a caudal approach posterior
[13]
sectionectomy in the left lateral position , in which
the novel concept of the caudal approach in LLR was
presented for the first time in the literature worldwide.
In this Editorial, various approaches to LLR for tumors
located in the posterosuperior liver are discussed
and our caudal approach with postural changes is
presented.

LLR APPROACHES FOR TUMORS
LOCATED IN THE POSTEROSUPERIOR
LIVER
In contrast to OLR, LLR targeting tumors in the
posterior section of the liver involves sectionectomy
or right hepatectomy more frequently than seg
[14-17]
mentectomy or partial resection
. The reason
for this tendency is the fact that the straightforward
transection plane of the liver from its caudal edge
to the diaphragm in right hepatectomy or posterior
sectionectomy is easier to be handled in an LLR
caudal approach, both for the aspects of view and
manipulation. The sight of the laparoscope from the
caudal direction views the transection plane for the
S7 segmentectomy or partial resection deep in the
small subphrenic space behind the liver, with S6
posing an obstacle in the way of the lesions. Since sur
geons need to create a precisely curved or angulated
transection plane in the space, the parenchymapreserving S7 segmentectomy or partial resection of
the posterosuperior tumors is technically more difficult
than the posterior sectionectomy or right hepatectomy.
Retaining adequate functional reserve of the liver
after resection is another important objective of LLR,
especially in patients with impaired liver function, such
as is present in patients with chronic liver diseases
(CLD), as well as for its oncological efficacy, as in
[18]
patients with hepatocellular carcinoma (HCC) .
There are several reports which describe different
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A

approaches to conquering this particular problem in
[19-23]
LLR for posterosuperior tumors
.

How to handle the heavy right liver in LLR
Liver

Glissonian pedicles
IVC

B

Liver

Glissonian pedicles
IVC

C

Liver

Glissonian pedicles

IVC
Intercostal port

Figure 1 Liver resection (A), laparoscopic liver resection (regular caudal
approach, B) and laparoscopic liver resection (lateral approach, C). Red
arrows indicate the directions of the view and manipulation in each approach.
A: In the open approach, the subcostal cage containing the liver is opened
with a large subcostal incision, and instruments are used to lift the costal arch.
The liver is dissected and mobilized (lifted) from the retroperitoneum; B: In
the regular laparoscopic caudal approach, the laparoscope and forceps are
placed into the subcostal cage from caudal direction, and surgery is performed
with minimal alteration and destruction of the associated structures; C: In
the laparoscopic lateral approach, the intercostal (transdiaphragmatic) ports
combined with total mobilization of the liver from the retroperitoneumcan allow
the direct lateral approach into the cage and to the posterosuperior tumors.
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To solve the problem of handling the right liver in LLR
- wherein the surgeon’s left hand is not able to reach
behind the liver, as it is in OLR - the hand-assisted
[19]
[20]
approach , robotic liver resection (RLR) , and the
approach using spacers, such as the sterile glove
[21]
pouch , have been proposed for LLR of posterior
lesions.
[19]
Herman et al
reported that in laparoscopic
posterior sectionectomy the hand-assisted approach
helps with visualization, mobilization, pedicle control
and parenchymal transection, while still providing
the benefits of laparoscopy. However, how to achieve
the hand usage and hand-port positioning without
disruption of the operative view and maximize mani
pulation of the organ in the small subphrenic cage
should be further discussed in regards to LLR for
posterosuperior tumors in S7 segmentectomy and
partial resections.
[20]
Patriti et al
reported that RLR, with its greater
maneuverability, as compared to LLR, and powerful
third-arm to maintain a stable operative field in the
right posterior section, is as safe and feasible as OLR.
They also mentioned that in RLR they could apply
the same proportion of segmentectomy or less to
sectionectomy or more as in OLR, different from the
[24]
regular LLR as mentioned above , with the same
short-term outcome. However, they reported that the
morbidity of RLR was similar to that of OLR, although
it is expected to be less as it is a minimally invasive
procedure. This finding was related to their experience
of a higher rate of pulmonary complication, which
may have been related to their usage of an intercostal
port in the RLR for the posterior section. Intercostallyinserted powerful robotic arms and ports may cause
damage to the chest wall and pleura, and may lead
to a higher incidence of pulmonary complication.
Furthermore, using a powerful robotic arm for com
pression of the right liver may cause damage to
the liver parenchyma itself. When the pulmonary
complications were excluded from that study, there
was less morbidity for the RLR than the OLR.
[21]
Bin et al
reported that the liver exposure
achieved by means of the sterile glove pouch applied
as a spacer led to shortened operative time, decreased
bleeding and reduced levels of post-operative alanine
aminotransferase/aspartate aminotransferase in
right liver surgery, including S7 segmentectomy. The
usage of spacers, such as the sterile glove pouch,
may help in posterosuperior resections; specifically,
their use, without disturbance of the operative view
and to facilitate manipulation in the small subphrenic
cage, should be established in LLR for posterosuperior
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access of instruments to the operative target through
the transdiaphragmatic ports was found to allow
better control of bleeding and to facilitate generation
of precisely curved or angulated transections, as
planned. The authors also reported that cranial, large
or deep tumors in S7 which necessitate deep partial
resection or segmentectomy and tumors close to
critical structures are resected more successfully via
the intercostal lateral approach than via the regular
caudal approach. However, like in RLR, placements
of intercostal ports transdiaphragmatically was noted
to have risk of causing pleural effusion and other
pulmonary complications, especially for vulnerable
HCC/CLD patients.

Table 1 Approaches to laparoscopic liver resection for tumors
located in the posterosuperior lesion
(A) Options for handling the right liver and acquiring a stable surgical
field
Hand-assisted laparoscopic surgery
Hand usage and hand-port positioning without causing disturbance
of the operative view and allowing for manipulation in the small
subphrenic cage should be further discussed
Robotic liver resection
Intercostally-inserted powerful robotic arms and ports may cause
damage to the chest wall and pleura and may be responsible for the
reported higher incidence of pulmonary complications
Specific spacers (i.e., sterile glove pouch)
Spacer usage without causing disturbance of the operative view
and allowing for manipulation in the small subphrenic cage should
be established
Postural change (semi-left lateral - left lateral - semi-prone)1
Laparoscopic surgery facilitates the use of postural changes
(B) Options for access to posterosuperior lesions in the rib cage (Figure 1)
Lateral approach (using intercostal ports)
Caudal approach (using laparoscopic-specific caudal view)1
Thoracoscopic liver resection (for segment 8, but not segment 7)

Approaches to obtain good and stable access to the
posterosuperior liver in LLR: postural change

1

Used in our approach.

lesions in S7 segmentectomy and partial resections.

Approaches to obtain good and stable access to the
posterosuperior liver in LLR: lateral approach

Without the subcostal incision, there is no space in the
anterior direction toward the subphrenic small cage in
LLR (Figure 1). The operative field for posterosuperior
resection lies in the deep bottom area of the cage (in
the supine position), and with the liver S6 obscuring
the lesions in the laparoscopic caudal view. Therefore,
another important objective of LLR for posterosuperior
liver is to achieve good and stable access to the
posterosuperior area, through which the liver and
tumors may be safely and efficiently handled and a
well-opened transection plane can be acquired.
An intercostal (transdiaphragmatic) port with
the combination of total mobilization of the liver
from the retroperitoneum facilitates the direct lateral
[22,25,26]
approach into the cage
. This is different from
the thoracoscopic approach that is often employed for
[27-29]
lesions in S8
. Incision on the diaphragm, adjacent
to the tumor, can provide direct exposure into the pleural
cavity to reach the S8 tumor via the thoracoscopic
approach and without the dissection of the liver
attachments; however, intercostal ports achieve direct
lateral access into the abdominal cavity and to the S7
tumor but with retroperitoneal dissection of the liver. For
the S8 tumors, the endoscopes are placed in the pleural
cavity, and for the S7 tumors the endoscopes are placed
in the abdominal cavity (Figure 1).
[22]
Ogiso et al
reported that “the optimization of
laparoscopic visualization and access directly affects
procedural precision and efﬁciency”. A good view
facilitated by the transdiaphragmatic laparoscope
was found to be helpful in identifying the structures
and avoiding inadvertent injury. In addition, straight
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As mentioned above, surgical view and organ mani
pulation is restricted in the regular caudal approach
for LLR. In order to solve this problem, postural
changes can be applied. Postural changes in LLR had
been reported by several studies, and include the
[12]
left lateral position for posterior sectionectomy
and semi-prone position for tumors located in the
[30-32]
[23]
posterosuperior segments
. Ikeda et al
reported
on their employment of the semi-prone position in
LLR with the use of intercostal ports for tumors in the
anterosuperior and posterior segments. Among the
several advantages of this positioning over the supine
position were the easy visualization of the right side
of the hilar plate, facilitated by the adjacent organs
having fallen down (by gravity) to the lower left, and
the convenient encircling and ligation of the portal
pedicles of the right liver. The weight of the liver
facilitates the mobilization of the liver itself, ultimately
creating a space above the liver. This event also eases
the use of intercostal ports. Furthermore, since the
posterior section is positioned higher than the inferior
vena cava (IVC), less intraoperative bleeding occurs
and the irrigation fluids and blood flow down to the
lower left side, facilitating a good view of the operative
field.

OUR APPROACH: CAUDAL APPROACH
WITH POSTURAL CHANGES
The above-mentioned various approaches are sum
marized in Table 1. They are categorized into two
groups of optional approaches for (A) handling of the
right liver (above the surgical field) and acquiring of a
stable surgical field; and (B) acquiring access to the
posterosuperior lesion in the rib cage. It is important to
note here that our surgeons are particularly concerned
about the potential damage that intercostal ports
may cause to the pleura and chest wall, especially for
our HCC/(sometimes severe) CLD patients, as these
may lead to pleural effusion and other pulmonary
complications. Therefore, our approach was developed
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RHV

IVC
Bare area

Figure 2 Schema of the caudal approach for laparoscopic posterior
sectionectomy with prior transection without mobilization in the left
lateral position. Stars denote the tumor in the posterior section of the liver.
The left image shows the organ pre-transection, and the right image shows
the organ during transection. The transection was performed in one direction
from the caudal edge of the liver, with exposure of the inferior vena cava
(IVC) and the right hepatic vein on the cutting plane (arrow head, right). This
procedure facilitates exposure of the cutting plane (thick arrow, right) between
the retroperitoneal-fixed resected liver and the remnant liver, which has fallen
downward by gravity (thin arrow, right). The decreased venous pressure in
the right hepatic vein, vertically standing up from the IVC, leads to decreased
intraoperative bleeding. Finally, the oncological benefit is the same as the
anterior approach in open right hepatectomy.

by first selecting the caudal approach for its facilitation
of access to the posterosuperior lesion. In the caudal
approach to the posterosuperior LLR, postural changes
from a left lateral position to a semi-prone position
are employed to maximize the laparoscopic-specific
advantage and to minimize any disturbance to the
view of the surgical field and any risk of damage to the
liver and surrounding environment, such as the chest
wall. The clinical introduction of this new approach
was met with improved peri-operative outcomes for
posterosuperior LLR cases; since then, the successful
outcomes have reached a level similar to those of
other-area LLRs performed in our institute (data not
shown).
We had previously reported on use of the caudal
approach posterior sectionectomy in the left lateral
[12]
position . In that report, the novel concept of
the caudal approach in LLR was posed for the first
time in the literature worldwide, and several papers
[33,34]
followed
. For hemi-hepatectomies, resection
of the anterolateral segments, as well as of S8 and
cranial 4 and 1 resection of LLR, the supine to semilateral positioning with tilting of the operating table
during surgery had been employed in our hospital.
However, the boundary plane between the anterior
and posterior sections, which represents the cutting
plane for posterior sectionectomy, is horizontal in the
supine position. Although the cutting plane should
be well opened in the small subphrenic space in
order to achieve a successful laparoscopic posterior
sectionectomy, gravity obstructs the exposure of the
cutting plane in that position. On the other hand,
one of the advantages of LLR is a clear view from the
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caudal and the dorsal directions (Figure 1).
We also had developed a new procedure that
facilitates exposure of the cutting plane in a pure
laparoscopic posterior sectionectomy, which is a
caudal approach with parenchymal transection prior
to mobilization of the liver conducted under the
laparoscopic caudal view with the patient in the left
lateral position. In that procedure, the cutting plane
is well-opened between the retroperitoneal-fixed
resected liver and the remnant liver, which has fallen
downwards by gravity (Figure 2). The decreased
venous pressure in the right hepatic vein, positioned
vertically upwards from the IVC, leads to decreased
intraoperative bleeding. Moreover, an oncological
benefit similar to that as the anterior approach in open
right hepatectomy can be obtained. As mentioned
above, however, the transection of S7 segmentectomy
or posterosuperior partial resection should be
performed in the deep small subphrenic space when
S6 of the liver is an obstacle to lesions under the
laparoscopic caudal view, even when the patient is in
the left lateral position. Therefore, we employed the
semi-prone position only for S7 segmentectomy and
partial resections of S7 and deep S6, but not for S6
or 8 segmentectomy and partial resection of S8 or
shallow S6.
[23]
In contrast to the report from Ikeda et al , our
semi-prone LLR are performed using the caudal
approach, without intercostal ports, to accommodate
the caution needed to avoid damage to the chest wall
and pleura that may otherwise lead to pleural effusion
and pulmonary complications. Moreover, our S7 partial
resection is often performed with only partial dissection
of the retroperitoneum. A key aim of our LLR is to
carry out minimum dissection of the attachments
and adhesions around the liver, in order to minimize
the risk of damage to the environment around the
liver. Most of our LLR patients have HCC/CLD and,
[35]
occasionally, severe CLD patients undergo LLR ;
this is partially due to the well-recognized situation in
Japan involving a shortage of cadaver donors. Damage
to the proximal environment associated with liver
resection, such as dissection-related destruction of
collateral venous/lymphatic flows, can easily lead to
massive ascites and liver failure.
Here, we describe our approach to posterosuperior
tumors. Patients are first placed in semi-prone position,
with the port arrangements as shown in Figure 3. With
the gravity-assisted movement of the colon, small
intestine and also S6 of the liver, downward to the left,
Morrison’s pouch becomes well-opened, facilitating
port insertion to the area from the back near the
vertebra (Figure 3). The gravity-assisted movement of
the S6 also makes direct access to S7 possible from
the caudal side. For the S7 segmentectomy, a good
view and access to the right part of the hilar plate,
posterior and S7 Glissonian pedicles are established
upon flipping up of the liver S6 and the gallbladder
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A

B

Figure 3 Schema of the settings for semi-prone positioning and port placement. A: The patient is placed in the semi-prone position (left-lateral view, rightcaudal view). The white circles indicate the locations for the ports; the arrowhead indicates the port in the para-vertebra area; the arrows indicate the port mainly used
for laparoscope; B: The arrowhead indicates the port in the para-vertebra area, as seen under the view of laparoscope inside the abdomen. Morrison’s pouch is wellopened in the semi-prone position, with the gravity-assisted movement of the organs, and the port is easily inserted into the area.

A

B

Figure 4 Intraoperative findings of Glissonian pedicles during the semi-prone position caudal approach for segment 7 segmentectomy. For the segment
(S) 7 segmentectomy, a good view and access to the right part of the hilar plate, posterior and the S7 Glissonian pedicles are established upon flipping-up of the liver
S6 and of the gallbladder in the left upward direction. A: The arrowhead indicates the hepatoduodenal ligament encircled with tape; the arrow indicates the posterior
branch of the Glissonian pedicle encircled with tape in the Rouviere’s sulcus; B: The arrowhead indicates the posterior branch of the Glissonian pedicle encircled with
tape; the arrow shows the S7 branch of the Glissonian pedicle encircled with string.

in the left upward direction (Figure 4). In cases in
which a large tumor is lodged into the subphrenic
space, prior parenchymal transection for mobilization
is performed to acquire good view and manipulation
of the transection plane that has become well-opened
by gravity, similar to our procedure for posterior
sectionectomy in the left lateral position. However,
regular S7 segmentectomy and partial resection of
S7 and deep S6 are performed after liver mobilization
from the retroperitoneum, which is easily achieved via
gravity (Figure 5). After mobilization, there is adequate
space above the liver and it is possible to perform
stable handling of the instruments and removal of
tumors in regions up to the root of the right hepatic
vein (Figure 5).
As of the writing of this article, all of the LLR pro
cedures performed in our institute are carried out by
the caudal approach with postural changes. The left
lateral position is employed for posterior sectionectomy
and the semi-prone position is employed for S7
segmentectomy and partial resections of S7 and deep
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S6. For tumors in S8 and shallow S6, the supine to
semi-lateral positioning is employed. Movement of
instruments is restricted in our semi-prone caudal
approach, as compared with the lateral approach LLR
for posterosuperior tumors. However, port placement,
as described above and especially that in which the
port is placed in the para-vertebra area, makes the
manipulation feasible and stable, while posing a
minimum risk of damage to the environment around
the liver.

CONCLUSION
LLR for posterosuperior tumor is technically demanding
for obtaining a fine surgical view and manipulation that
is sufficient to ensure hemostasis and obtainment of an
adequate surgical margin. Handling of the large right
liver may be performed by either the hand-assisted
approach, RLR, or the approach using spacers. The use
of intercostal ports allows for a direct lateral approach
into the subphrenic rib cage, while applying postural
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A

B

C

D

Figure 5 Intraoperative findings in the caudal approach for S7 segmentectomy in the semi-prone position. A: Dissection and mobilization are easily performed,
since the liver is hanging down from the retroperitoneum. The arrowheads indicate the tension on the retroperitoneum; B: The inferior vena cava (arrowheads) and the
root of the right hepatic vein (arrows) are easily recognized and dissected after the liver mobilization from the right dorsal side; C: The right hepatic vein (arrowheads)
is exposed on the transection plane in the S7 segmentectomy. This procedure is safely performed on the well-opened transection plane; D: After completion of the
resection, a clear and stable view of the subphrenic area is obtained.

changes allows for a stable view and space enough for
manipulation in the target area. In our institute, we
apply the caudal approach with the patient in the semiprone position for LLR, without the use of intercostal
ports, for treatment of posterosuperior tumors; this
approach facilitates stable S7 segmentectomy and
partial resection, with minimal risk of damage to the
environment around the liver.
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Abstract
Proteases, enzymes catalyzing the hydrolysis of peptide
bonds, are present at high concentrations in the
gastrointestinal tract. Besides their well-known role in
the digestive process, they also function as signaling
molecules through the activation of protease-activated
receptors (PARs). Based on their chemical mechanism
for catalysis, proteases can be classified into several
classes: serine, cysteine, aspartic, metallo- and thre
onine proteases represent the mammalian protease
families. In particular, the class of serine proteases
will play a significant role in this review. In the last
decades, proteases have been suggested to play a key
role in the pathogenesis of visceral hypersensitivity,
which is a major factor contributing to abdominal pain
in patients with inflammatory bowel diseases and/or
irritable bowel syndrome. So far, only a few preclinical
animal studies have investigated the effect of protease
inhibitors specifically on visceral sensitivity while their
effect on inflammation is described in more detail.
In our accompanying review we describe their effect
on gastrointestinal permeability. On account of their
promising results in the field of visceral hypersensitivity,
further research is warranted. The aim of this review
is to give an overview on the concept of visceral hyper
sensitivity as well as on the physiological and pathophysio
logical functions of proteases herein.
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Core tip: Proteases are enzymes catalyzing the hy
drolysis of peptide bonds. They are present at high
levels in the gastrointestinal tract and they execute a
large variety of physiological and pathophysiological
functions. In the last decade, it became clear that
proteases fulfill an important role in visceral pain, a
major symptom in patients with inflammatory bowel
diseases and/or irritable bowel syndrome. These review
articles aim at providing an overview of the diverse
roles of proteases in both health and disease states
related to the gastrointestinal functions, with the
emphasis on visceral pain in this review.
Ceuleers H, Van Spaendonk H, Hanning N, Heirbaut J, Lambeir
AM, Joossens J, Augustyns K, De Man JG, De Meester I, De
Winter BY. Visceral hypersensitivity in inflammatory bowel
diseases and irritable bowel syndrome: The role of proteases.
World J Gastroenterol 2016; 22(47): 10275-10286 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v22/
i47/10275.htm DOI: http://dx.doi.org/10.3748/wjg.v22.i47.10275

INTRODUCTION
Abdominal pain is a key feature of two major
gastrointestinal disorders, inflammatory bowel
diseases (IBD) and irritable bowel syndrome (IBS).
On the one hand, IBD, such as ulcerative colitis
(UC) and Crohn’s disease (CD), are characterized by
acute flares of inflammation followed by periods of
[1]
remission . On the other hand, IBS is a functional
disorder defined by the presence of altered bowel
habits and abdominal pain, in the absence of an
[2]
organic cause . The diagnosis of IBS is based on
the Rome IV criteria: recurrent abdominal pain for at
least 3 d/mo in the last 3 mo associated with two or
more of the following symptoms: (1) improvement
with defecation; (2) onset associated with a change
in frequency of stool; and (3) onset associated with a
[2,3]
change in form (appearance) of stool . Currently four
IBS subtypes are defined based on the predominant
stool pattern: IBS with constipation (IBS-C), IBS with
diarrhea (IBS-D), mixed IBS (IBS-M) and unsubtyped
[2]
IBS (IBS-U) . Both IBD and IBS have an increasing
prevalence; IBD affects up to 1.5 million people in the
[4]
United States of America and 2.2 million Europeans ,
[5]
whereas IBS has a worldwide prevalence of 11.2% .
Although IBD and IBS are regarded as two different
diseases, they seem to be related: the prevalence
of IBS-like symptoms in IBD patients with an active
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disease and in IBD patients in remission amounts to
[6,7]
44% and 35%, respectively . Besides being highly
prevalent, these disorders have a considerable impact
through their chronic character, as well as a negative
influence on the quality of life and an important
[8,9]
socio-economic impact . Furthermore, the current
treatment options are mostly focusing on the reduction
of inflammation for IBD or the motility disturbances for
IBS. Only a few therapies aim directly at diminishing
the abdominal pain. Remarkably, only 24% of the
IBS patients report complete relief of abdominal pain
after treatment which is mostly only a symptoma
tic treatment of the most explicit motility-related
[8]
symptom . Therefore, further research in this area
is of utmost importance. However, the search for new
treatment targets is hampered due to the incomplete
understanding of the pathogenesis of visceral pain.
Visceral hypersensitivity, or an increased pain
perception in the bowel, is an important factor
[10]
underlying the abdominal pain in IBS . Visceral
hypersensitivity occurs via a disturbance of the
sensitization pathways that might be located at
different levels. At the peripheral level, chemical,
mechanical and thermal information is registered
by primary afferent neurons. The cell bodies of
these neurons are located in the dorsal root ganglia
[11]
(DRGs) . Centrally, they connect with secondary
afferent neurons in the dorsal horn of the spinal
cord or in the brain stem. From there, the signal is
transduced to different cerebral areas involved in the
somatosensory sensation of (pain) signals arising
from the bowel. Within the central nervous system,
signals of peripheral afferent nerves are modulated
via descending pathways, resulting in facilitation or
[12]
inhibition of the impulse conduction . For a complete
overview of the neuroanatomy of lower gastrointestinal
pain disorders, we like to refer the interested readers
[13]
to a review by Vermeulen et al .
During gastrointestinal inflammation, the con
tinuous release of inflammatory mediators can give
rise to the sensitization of peripheral afferent nerves,
thus contributing to the development of visceral
hypersensitivity. Besides being an important wellknown trigger for IBD, (microscopic) inflammation has
been demonstrated to play a role in IBS as well. As
already mentioned, an increased prevalence of IBSlike symptoms is present in IBD patients. Moreover,
a disease state denominated as post-infectious IBS
has been described; it is seen in 3%-35% of the
patients that experienced an acute gastroenteritis
[14]
related to water contamination . These observations
suggest a strong association between gastrointestinal
inflammation on the one hand and the onset of visceral
hypersensitivity on the other hand, in which case the
hypersensitivity persists even after complete resolution
of the inflammation.
At the peripheral level, inflammatory cells, e.g.,
mast cells, T-cells and neutrophils, are activated.
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Upon activation, they release excessive amounts of
inflammatory mediators such as histamine, serotonin,
several cytokines and proteases. These mediators, in
turn, can sensitize peripheral afferent neurons, thus
contributing to visceral hypersensitivity. The role of
most of these inflammatory mediators in visceral
[7]
hypersensitivity has been investigated extensively .
However, the role of proteases is not fully eluci
dated yet. Therefore, the aim of this review is to
focus on proteases and their physiological role as
well as their role in the pathophysiology of visceral
hypersensitivity. In an accompanying paper by Van
[15]
Spaendonk et al , we discussed the role of proteases
in intestinal permeability.

VISCERAL HYPERSENSITIVITY
Irritable bowel syndrome (IBS) is a functional bowel
disorder characterized by altered bowel habits and
abdominal pain. This visceral pain - pain originating
from internal organs such as the gut - is typically
vague, diffuse, poorly localized and often associated
[16]
with referred pain . Visceral hypersensitivity is the
[17]
main mechanism underlying this abdominal pain .
Hypersensitivity refers to the increased sensation
of stimuli: both allodynia (pain evoked by stimuli
that are normally not painful) and hyperalgesia
(increased response to a painful stimulus) are
[18]
present . In both basic and clinical research, visceral
hypersensitivity is commonly investigated by colorectal
[19]
balloon distensions using a barostat . Compa
red to healthy individuals, patients suffering from
visceral hypersensitivity report discomfort at lower
colonic distension pressures (lower pain threshold)
and increased pain in response to standardized
[18]
stimuli . Currently, the pathophysiology of visceral
hypersensitivity has not been fully elucidated yet,
but several mechanisms, such as inflammation,
psychosocial factors and/or sensorimotor alterations,
are thought to be involved. The latter can be located
both at the central and/or peripheral level along the
anatomical afferent information pathway from the
viscera towards the brain. Moreover, an important role
for peripheral as well as central sensitization of the
[20]
afferent visceral neuron pathways is proposed .
The mast cell is thought to fulfill an important
task in the development of abdominal pain in IBS
[21]
patients , since an association was found between
mast cell infiltration in the bowel wall and the
[22]
frequency and severity of abdominal pain . The
mast cell is an important immune cell that can be
activated by cytokines, antigens and neuropeptides.
This activation is followed by a degranulation of the
cell, releasing vasoactive and pro-inflammatory
[17]
mediators . Histamine, an important mast cell
mediator, has already been shown to play an important
role in visceral hypersensitivity: we demonstrated a
role for histamine in a rat model for post-inflammatory
visceral hypersensitivity, mediated by histamine
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[23]

H1 and H4 receptors . Also in humans, a recent
clinical trial with the H1 receptor-antagonist ebastine
showed promising results in IBS patients resulting in
[24]
a phase Ⅱ trial (www.clinicaltrials.gov) . Apart from
histamine, mast cells release many other mediators
such as cytokines, growth factors, leukotrienes,
[25]
prostaglandins, serotonin and several proteases . In
this review, we will focus on the role of this last group
of mediators, the proteases, and their role in visceral
hypersensitivity. In the accompanying paper the role in
intestinal permeability is addressed.

PROTEASES
Proteases are enzymes catalyzing the hydrolysis of
peptides and/or proteins, thereby releasing amino
acids or peptides. They represent up to 2% of the
human genome and are present at particularly high
[26]
levels in the gastrointestinal tract . Proteases execute
a large variety of physiological functions. They are
vital for processes such as blood coagulation, cell
growth and migration, tissue arrangement, activation
of zymogens, protein catabolism and the release of
hormones and pharmacologically active peptides from
precursor proteins. Apart from that, they are involved
in pathological processes such as inflammation and
[27,28]
tumor growth and metastasis
.
Based on the position of the peptide bond that
can be cleaved, proteases are subdivided into two
major groups: exopeptidases and endopeptidases.
Exopeptidases catalyze the cleavage of the terminal or
the penultimate peptide bond of the protein, releasing
[29,30]
a single amino acid or a dipeptide, respectively
.
Since peptide chains have both an amino- and a
carboxy-terminus, exopeptidases can be further
[29]
divided into amino- and carboxypeptidases . Ami
nopeptidases could release a single amino acid,
a dipeptide or a tripeptide from the N-terminus,
while carboxypeptidases can liberate an amino
[31]
acid or a dipeptide from the C-terminus . Unlike
exopeptidases, endopeptidases catalyze the cleavage
of nonterminal peptide bonds within the molecule, thus
releasing larger peptides instead of single amino acids,
[29,30]
dipeptides or tripeptides
. The concept of exo- and
endopeptidases is represented in a simplified way in
Figure 1.
Due to their huge diversity in action and struc
ture, proteases can be classified in other ways as
[28]
well . For example, it is possible to classify the
enzymes according to their evolutionary relatedness
with reference to structure, the type of reaction
[28]
catalyzed or the pH optimum of the enzyme .
However, they are usually categorized according
to their catalytic type, based upon the presence of
different nucleophiles in the molecular structure of
[29-33]
the enzyme
. The major advantage of using a
catalytic type based classification is that proteases of
the same catalytic type usually respond to the same
[33]
protease inhibitors . Historically, four major groups
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Figure 1 Simplified representation of the concept of endo- and exopeptidases. Endopeptidases cleave internal peptide bonds. Exopeptidases cleave terminal
peptide bonds; they can be subdivided into amino- and carboxypeptidases according to the position of the cleavage of the peptide bond. Aminopeptidases cleave at
amino (NH2) terminal bonds, while carboxypeptidases cleave at carboxy (COOH) terminal bonds. Image constructed using the Servier Image Bank.
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Figure 2 Classification of proteases based on the chemical structure of their active site. For each class, the chemical structure of the core residue in their
active site is shown on top and a few examples with medical relevance of proteases belonging to that family are displayed below. MMP: Matrix metalloprotease.
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Figure 3 Schematic representation of the activation of a protease-activated receptor. A protease cleaves the N-terminal domain (1), releasing a new N-terminus
(2). The new N-terminus binds to the receptor as a tethered ligand, providing an intracellular signal (3). Image constructed using the Servier Image Bank. N-terminus:
Amino-terminus; PAR: Protease-activated receptor.

could be distinguished in this classification, based
upon the functional group present at the active site:
[30,32]
serine, cysteine, aspartic and metalloproteases
.
More recently, threonine, glutamate and asparagine
proteases have been added as classes. However,
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glutamate and asparagine proteases have not been
[33]
found in humans or other mammals so far . The
seven catalytic classes are depicted in Figure 2. In the
last decades, proteases have come into the picture as
a new target for drug development. An overview of
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Table 1 Serine protease inhibitors (mammalian): examples of clinical applications in different organ systems
Category
Cardiovascular

Dermatology
Hematology
Oncology

Pneumology

Endocrinology
Surgery

Indication

Serine protease inhibitor (target )

Status

Ref.

ACS
AF

Bivalirudin (thrombin)
Rivaroxaban (factor Xa)
Edoxaban (factor Xa)
Dabigatran (thrombin)
Argatroban (thrombin)
BBIC (broad specificity)
Argatroban (thrombin)
Fondaparinux (factor Xa)
Upamostat (uPA)
Nafamostat mesilate (broad specificity)
Ulinastatin (broad specificity)
Talabostat (fibroblast activating protein)
Ulinastatin (broad specificity)
APC 366 (mast cell tryptase)
α1 antitrypsin (broad specificity)
α1 antitrypsin (broad specificity)
Gliptins (DPP-IV)1
Aprotinin (broad specificity)
Gabexate mesilate (broad specificity)
Nafamostat mesilate (broad specificity)
Sivelestat (neutrophil elastase)

Approved
Approved
Approved
Approved
Clinical - phase Ⅱ
Clinical - phase Ⅱ
Approved
Approved
Clinical - phase Ⅱ
Clinical - phase Ⅱ
Clinical - phase unknown
Clinical - phase Ⅱ
Clinical - phase unknown
Clinical - phase Ⅱ
Approved
Clinical - phase Ⅱ
Approved
Approved
Clinical - phase Ⅲ
Clinical - phase Ⅳ
Clinical - phase unknown

[73]
[74]
[75]
[76]
[77]
[78]
[79]

VTE
Herpes zoster
Oral leukoplakia
Heparin-induced
thrombocytopenia
Pancreatic cancer: CTx
Lung cancer: RTx
Colorectal cancer: CTx
Esophageal cancer: Sx
Asthma
α1 antitrypsin deficiency
Cystic fibrosis
Diabetes
NA

[80]
[81]
[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]

1

DPP-Ⅳ is a non-classical serine protease belonging to family S9: prolyl oligopeptidase (novel class). Literature search in Pubmed (last updated Sept 19
2016) with MeSH terms serine protease inhibitor - dpp-4 inhibitor - clinical trials - English - human. ACS: Acute coronary syndrome; A: Atrial fibrillation; BBIC:
Bowman Birk inhibitor concentrate; BHR: Bronchial hyperresponsiveness; cf.: Compared to; CTx,: Chemotherapy; DPP-Ⅳ: Dipeptidylpeptidase Ⅳ; EAR:
Early asthmatic response; GP: Glycoprotein Ⅱb/Ⅲa inhibitor; ICH: Intracranial hemorrhage; LAR: Late asthmatic response; PA: Protease activity; PI:
Protease inhibitor; POC: Postoperative complications; RTx: Radiotherapy; SIRS: Systemic inflammatory respiratory syndrome; Sx: Surgery; uPA: Urokinase
plasminogen activator; VTE: Venous thromboembolism.

the protease inhibitors approved for clinical use can
[34]
be found in a Nature review by Turk . Concerning
visceral hypersensitivity, serine proteases are thought
[35]
to be an important class . Some examples of serine
protease inhibitors that were already tested in clinical
trials are summarized in Table 1, thereby emphasizing
the widespread indications. Proteases can also act as
signaling molecules; they regulate cell functions by
modulating protease-activated receptors (PARs). PARs
belong to a family of cell-surface signaling proteins
called G protein-coupled receptors (GPCRs) and con
sist of seven transmembrane domains with three
[26,36]
intracellular and three extracellular protein loops
,
as visualized in Figure 3. So far, four PARs have been
[37]
described: PAR1, PAR2, PAR3 and PAR4 .
PARs have been found in various cell types through
out the whole gastrointestinal tract. Remarkably, a great
overlap can be detected in the cell types expressing
PAR1 and PAR2. PAR1 and PAR2 have already been
described in enterocytes, neurons, fibroblasts, mast
cells, smooth muscle cells, endothelium and immune
cells. On the other hand, PAR4 has only been identified
in enterocytes, neurons, endothelium and immune cells.
Furthermore, PAR3 has been identified in stomach and
small intestine but the exact cell types still need to be
defined. For a complete overview of the location of the
different PARs in the gastrointestinal tract, we would like
[38]
to refer to a review by Vergnolle .
PARs can transduce signals by canonical activation.
The activation process starts with a protease recog
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nizing one of the extracellular domains of the receptor,
situated on the N-terminus (i.e., the canonical site of
the PAR receptor). Some proteases, such as thrombin,
subsequently bind to this domain. For other proteases,
e.g., trypsin or tryptase, it is not required to establish
a stable bond in order to cleave the receptor. When the
receptor has been activated, the N-terminal domain
will be cleaved by proteolysis at the recognition site,
thus exposing a new N-terminal sequence. This se
quence acts as a tethered ligand that binds domains
situated in the second extracellular loop of the receptor,
thus initiating common signaling pathways, such as the
G-protein- and/or β-arrestin-dependent pathways (e.g.,
[26,39]
PAR2 activation by trypsin)
. The activation process
is visualized in Figure 3.
Apart from canonical activation, PAR signaling
pathways can be initiated in several other ways. Biased
agonism is a second possibility; proteases cleave
at sites distinct from the canonical sites, thereby
activating unique and biased signaling pathways (e.g.,
[39]
PAR2 activation by activated protein C) . Proteases
are also able to induce the opposite effect; this third
manner is called proteolytic disarming. In that case,
proteases can remove or destroy tethered ligands
leading to the termination of PAR activation (e.g., PAR2
[37,39]
disarming by cathepsin-G)
. A fourth manner is
the non-tethered ligand activation, suggesting that the
formation of tethered ligands is not essential for PAR
activation (e.g., PAR2 activation by elastase). Finally, it
is possible to activate PARs via so-called PAR-activating
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Table 2 Preclinical studies investigating the effects of protease-activated receptor-targeting molecules on visceral hypersensitivity
Agonist/antagonist

Species (hypersensitivity model )

Study type

Effect

Ref.

PAR-1
PAR-1
PAR-2
PAR-2
PAR-2

Agonist (thrombin, TFLLR-NH2)
Agonist (TFLLR-NH2)
Agonist (SLIGRL-NH2)
Agonist (SLIGRL-NH2, trypsin)
Agonist (SL-NH2, trypsin, typtase)

In vivo
In vivo
In vivo
In vivo
Ex vivo

↓ hyperalgesia
↓ hyperalgesia
↑ hyperalgesia
↑ hyperalgesia
↑ neuron excitability

[56]
[55]
[59]
[60]
[61]

PAR-2

Agonist (SLIGRL-NH2, Tc-NH2,
trypsin, tryptase)
Agonist (2-furoyl-LIGRL-NH2)
Antagonist (ENMD-1068)
/
Agonist (PAR-4-AP, Cat-G)
Agonist (AYPGKF-NH2)

Rat (carrageenan)
Mice (capsaicin)
Mice (PAR2-agonist)
Rat (PAR2-agonist)
Guinea pig submucosal neurons
(PAR2-agonist)
Mice, rat (PAR2-agonist)

KO

↑ hyperalgesia, absent in KO

[62]

Mice (capsaicin)
Mice (IBS-supernatant)
Mice DRG (IBS-D supernatant)
Mice (IBS-D supernatant)
Mice (PAR2-agonist, TRPV4-agonist)

KO
KO
KO
In vivo
In vivo

↑ hyperalgesia, absent in KO
↓ hypersensitivity, absent in KO
↑ neuron excitability, absent in KO
↓ hypersensitivity
↓ hypersensitivity

[63]
[41]
[64]
[49]
[57]

PAR

PAR-2
PAR-2
PAR-2
PAR-4
PAR-4

DRG: Dorsal root ganglia; IBS: Irritable bowel syndrome; KO: Knock-out; PAR: Protease-activated receptor; TRPV: Transient receptor potential vanilloid
channels.

peptides (PAR-APs), synthetic peptides corresponding
to the first five or six amino acids of the tethered
ligand sequence. This form of artificial activation
bypasses the proteolytic cleaving process. PAR-APs
are capable of inducing common as well as biased
signaling pathways (e.g., PAR2 activation by SLIGKV[39,40]
NH2)
. Since these peptides are specific for a single
receptor, they are very important pharmacological
tools to investigate the physiology and physiopathology
[37]
of PARs .
Currently, thrombin is regarded as the main acti
vator for PAR1, PAR3 and PAR4, as is the serine protease
trypsin for PAR2 and PAR4. Although some proteases can
activate different PARs, every protease has a preference
for one specific receptor. For example, thrombin has
the highest potency for PAR1, a lower potency for
[26]
PAR3, and even weaker for PAR4 . For an overview
of the characteristics of the four PARs, their activating
proteases and agonists/antagonists, we refer to a
[38]
detailed and excellent review by Vergnolle .

PROTEASES, PROTEASE-ACTIVATED
RECEPTORS AND PROTEASE INHIBITORS
IN VISCERAL HYPERSENSITIVITY
Proteases
So far, the expression and activity of proteases in
the colon and feces of IBS patients have not been
investigated intensively. A higher expression of the
[22,41-45]
[41,42]
serine proteases tryptase
and trypsin
[46]
as well as the cysteine protease calpain-8
was
described in colonic biopsy samples of IBS patients
compared to healthy controls. However, no changes in
tryptase expression (protein level) could be detected
[47,48]
in fecal samples of IBS patients
. Serine protease
activity was increased in IBS patients compared to
healthy controls in both colon and feces in several
[41,48-50]
studies
. Likewise, an elevated serine protease
activity was observed in colonic samples in a post-
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[51]

infectious IBS mouse model . Taken together all the
studies described above, an important role for serine
proteases in IBS cannot be denied. However, the
origin of those serine proteases was unclear for a long
time. Recently, the Spiller group published a paper
demonstrating the human (and not bacterial) origin
of the most abundant fecal serine proteases in IBS-D
[52]
patients . Cysteine protease activity was elevated
[53]
in fecal samples of IBS-C patients , although this
alteration could not be observed in colonic samples of
[51]
post-infectious IBS mice . Recently, concerns have
been raised about the tests used to determine the
protease activity. Many of these tools suffer from a
lack of selectivity for individual proteases and most
of them detect several enzymes. For example, when
determining tryptase-activity, mostly trypsin-like
activity is quantified due to the lack of specificity of
[54]
the substrates used . Therefore, with regard to a
detailed study of the role of proteases in e.g., visceral
hypersensitivity, the improvement of chemical tools to
assess the activity of specific proteases is of utmost
[54]
importance .

Protease-activated receptors

Proteases are thought to influence visceral sensitivity
through protease-activated receptors (PARs). Re
markably, after the activation of these receptors, the
effects on pain are not the same for all PARs. When
PAR1 and PAR4 are activated, antinociceptive effects
are observed, while the activation of PAR2 induces
pronociceptive effects. An overview of the studies
described in the following paragraph is shown in Table
2. The antinociceptive properties of PAR1 activation are
demonstrated in different animal models showing a
decrease in carrageenan-induced visceral hyperalgesia
in rats and capsaicin-evoked visceral pain in mice after
an intraplantar administration with the PAR1-agonists
[55,56]
TFFLR-NH2 and thrombin
. In mice, PAR4 activation
[49,57]
seems to inhibit visceral hypersensitivity as well
. In
parallel, PAR4 expression is lowered in the colon of IBS
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Table 3 Serine protease inhibitors investigated in experimental visceral hypersensitivity models
Inhibitor name
Aprotinin
Bowman-Birk inhibitor
Camostat mesilate (FOY-305)
Cathepsin-G inhibitor
Nafamostat mesilate (FUT-175)
UAMC-0050
Soybean trypsin inhibitor (SBTI)

Target(s)

Ref.

Chymotrypsin, elastase, KLK, plasmin, PA, trypsin, urokinase, XIIa
Chymotrypsin, trypsin
Trypsin, matriptase, prostasin, plasmin, tPA, uPA, Ⅹa, Ⅸa, thrombin, tissue factor, complement
factors, tryptase, HNE, KLK
Cathepsin G
Tryptase, trypsin, C1r, C1s, thrombin, kallikrein, plasmin
Tryptase, matriptase, KLK4, KLK8, uPA
Trypsin, chymotrypsin, plasmin, kallikrein, Ⅹa

[49]
[70,71]
[68,69]
[49]
[37,65-67]
[66,67,93]
[49]

C1r: Complement component 1r; C1s: Complement component 1s; HNE: 4-hydoxynonenal; KLK: Kallikrein; PA: Plasminogen activator; tPA: Tissue
plasminogen activator; uPA: Urokinase plasminogen activator.

[42,58]

patients
. The PAR4-agonist AYPGKF-NH2 was able
to reduce visceral hypersensitivity after an intracolonic
administration in sub-inflammatory doses, while higher
[57]
doses showed pro-inflammatory effects in mice .
In sharp contrast to PAR1 and PAR4, the activation of
PAR2 results in a pronociceptive effect. This was firstly
[59]
[60]
demonstrated by Kawabata et al
and Coelho et al
who confirmed the presence of visceral hypersensitivity
in rats after the administration (intracolonic/intraplantar)
of the PAR2-activating peptide SLIGRL-NH2 or trypsin.
[60]
An increased Fos-expression
and the presence
[59]
of PAR2 mRNA in the dorsal root ganglia (DRG)
confirmed these results. An ex vivo study reconfirmed
these observations: the application of several PAR2agonists, such as trypsin, mast cell tryptase and SLNH2, induced hyperexcitability of submucosal neurons
[61]
in the ileum of guinea pigs . The next step in this
research included the use of experimental knock-out
(KO) models. Similar to the studies described above,
visceral hyperalgesia was observed in wild-type (WT)
mice after the administration (intracolonic/intraplantar)
of PAR2-activating peptides such as 2-furoyl-LIGRL-NH2
and trypsin. However, these effects were reduced in
[62,63]
PAR2-KO mice
. The effects described above were
confirmed using IBS-patient supernatant, which is a
well-known alternative stimulus for visceral pain in
experimental animal models. Murine sensory neurons
in culture were sensitized after the addition of IBS
patient supernatant, while this effect was absent in
neurons from the KO mice lacking PAR2. Furthermore,
this supernatant caused visceral hypersensitivity in WT
mice, but not in mice treated with a PAR2-antagonist
[41]
or in PAR2-KO mice . Also, the IBS-D supernatant
was able to enhance the neuronal excitability of
colonic DRGs in WT but not in PAR2-KO mice, again
[64]
demonstrating the importance of PAR2 . Based on
these literature data we can conclude that the effects
of proteases on visceral pain following PAR activation is
dependent on the type of receptor involved: PAR1 and
PAR4 evoke antinociceptive effects while the activation
of PAR2 results in pronociception.

Protease inhibitors

So far, research groups in the field of visceral hyper
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sensitivity have mainly focused on PAR-knockout
experiments, while protease inhibitors have been
investigated to a lesser extent. In this paragraph,
an overview of the studies exploring the effects of
protease inhibitors in visceral hypersensitivity, is
given. All protease inhibitors, with their respective
targets, are listed in Table 3. Nafamostat mesilate
or FUT-175 is a broad specificity serine protease
inhibitor. In mice, visceral hypersensitivity induced by
the intracolonic infusion of IBS-D fecal supernatants,
could be suppressed when the supernatant was pre[65]
incubated with nafamostat mesilate . Similar results
[41]
were observed by the group of Cenac et al
who
used a similar, but slightly different experimental
design. They used the supernatant of biopsies of
IBS patients instead of fecal samples and apart
from a decrease in visceral hypersensitivity, they
also observed less sensitization of murine neurons
after a pre-incubation with nafamostat mesilate. We
recently demonstrated a positive effect of a single
intraperitoneal injection of nafamostat mesilate
in a trinitrobenzenesulfonic acid (TNBS)-induced
rat model for both acute and post-inflammatory
[66,67]
visceral hypersensitivity
. Furthermore, the
newly developed serine protease inhibitor benzyl
N-1-[bis(4-acetamidophenoxy)phosphoryl]-2(4-carbamimidamidophenyl)ethyl-carbamate
[UAMC-0050, patent WO2007045496 (A1)] showed
anti-nociceptive properties as well, both in an acute
[66,67]
and in a post-inflammatory setting
. Camostat
mesilate, another serine protease inhibitor with
structural properties similar to nafamostat mesilate
showed analogous results. Intragastric pre-treatment
with camostat mesilate decreased hypersensitivity in
rats with visceral hypersensitivity induced by acute
restraint stress as well as spinal c-Fos expression (an
indirect marker of neuronal activity) and fecal protease
[68,69]
activity
. Also in an acute TNBS colitis model, which
is a preclinical model for IBD, positive results were
observed on visceral hypersensitivity after treatment
[70]
with different protease inhibitors. Moussa et al
found a decrease in visceral sensitivity, fecal protease
activity and PAR2 expression in acute TNBS colitis rats
treated with a fermented soy germ extract, containing
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phytoestrogens (isoflavones) and serine protease
inhibitors (Bowman-Birk Inhibitor). However, the ef
fects on visceral sensitivity were completely reversed
by simultaneous treatment with an estrogen receptor
antagonist, suggesting that the effects were mostly
attributed to the phytoestrogens. The same group also
demonstrated the positive effect of phytoestrogens on
hypersensitivity in another animal model: this time,
stress-induced hypersensitivity in female rats could
be prevented by a treatment with either estradiol
benzoate or fermented soy germ extract. Again
this time, the positive effects were abolished after
concomitant administration of an estrogen receptor
[71]
antagonist .
In sharp contrast to the hypersensitivity seen in
mice after an intracolonic infusion with fecal IBS-D
supernatant, fecal supernatant of UC patients evoked
hyposensitivity to colorectal distension. In IBS-D, PAR2
is stimulated due to the increased fecal serine protease
activity, resulting in hypersensitivity. In addition, the
activation of PAR4, by adding Cathepsin-G (Cat-G)
to the supernatant, reversed this effect. Hyposensiti
vity could be observed after the infusion of a UC
supernatant most likely because PAR4 (activated by
Cat-G) is predominantly activated. However after the
inhibition of PAR4 or Cat-G, hypersensitivity appeared
and the addition of the serine protease inhibitors
[49]
aprotinin/SBTI normalized sensitivity . Based on
[49]
these studies by Annaházi et al
the importance
of the equilibrium between the activation of PAR2
and PAR4 in visceral sensitivity was clearly shown.
To summarize this paragraph, the limited amount
of data available regarding protease inhibitors and
visceral pain show promising results. However, only a
few broad specificity inhibitors were investigated and
in a majority of the studies, a preventive treatment
scheme was used. Thus, this topic needs to be further
explored.

CONCLUSION
The pharmacological treatment of gastrointestinal
disorders such as IBD and IBS remains a challenge
and until today, mainly focuses on symptomatic
control. One of the biggest challenges is the ma
nagement of visceral hypersensitivity, which is
seen as the mechanism behind abdominal pain. In
the last decades, many possible pharmacological
targets have been proposed, but unfortunately
an effective, causative treatment is still lacking.
Therefore, further elucidating the pathophysiology of
visceral hypersensitivity and eventually discovering
new possible pharmacological targets is of great
importance. Recently, serine proteases have come
into the picture as a promising new pharmacological
target for visceral pain. Up until now, research has
focused mainly on PAR-agonists/antagonists, but
none of these compounds made it to the clinic yet. A

WJG|www.wjgnet.com

more recent strategy is the direct inhibition of serine
proteases, which shows promising results in a limited
number of animal experiments in the field of visceral
hypersensitivity. So far, serine protease inhibitors
have not been tested in clinical trials for IBS either.
However, serine protease inhibitors are well known
in the treatment of other diseases, e.g. diabetes and
pancreatic cancer. In the domain of gastroenterology,
protease inhibitors have already been investigated in
animal models, focusing on the effects on intestinal
inflammation and permeability. Protease inhibitors
were able to ameliorate inflammation as well as
permeability, suggesting that proteases may be
valuable treatment targets.
The few preclinical studies investigating the effect
of protease inhibitors on visceral hypersensitivity show
promising results. Therefore it seems necessary that
more in-depth research on the therapeutic potential
of protease inhibitors in abdominal pain is conducted
in the upcoming years. The emphasis should be
on the detection and eventually the targeting of
specific proteases that might be crucial in visceral
hypersensitivity. First of all, as proteases often have
overlapping substrate specificities and specific inhibitors
are in many cases not available, the methods used
to measure the activity of individual proteases should
be improved. Furthermore, more and better validated
tools are needed to quantify their protein levels.
Measuring specific protease activities remains a great
challenge. However, investigating the link between
certain protease activities and IBS-subtypes would be
of great interest and could possibly lead towards the
discovery of a new drug target or the development of
a new biomarker. Concerning therapeutic options we
need to take into account that IBS is not considered
to be a life-threatening disease and thus medication
needs to be free of substantial side effects. This
is certainly an important consideration given the
various functions of proteases in the human body,
and yet another reason to focus on the specificity of
protease inhibitors, thereby not forgetting the potential
importance of the equilibrium between proteases
and anti-proteases. Direct inhibition of proteases
has already been put forward as a possible strategy
for the treatment of visceral hypersensitivity in IBS
patients. Therefore, we believe that the development
of new and more specific protease inhibitors could
be of great interest. In the future, not only the safety
profile of these compounds but also their route of
administration will become a very important subject.
Up until now, protease inhibitors are administered
via systemic routes, but ideally, the treatment of IBS
should focus on the gastrointestinal tract in a further
attempt to reduce systemic side-effects. A serine
protease inhibitor for local delivery is unfortunately not
available at this time and it would be groundbreaking if
researchers came up with a solution for this problem.
In a recent article from Bermúdez-Humarán, a re
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volutionary method using recombinant lactic acid
bacteria (recLAB) to deliver serine protease inhibitors
(Elafin and Secretory Leukocyte Protease Inhibitor[72]
SLPI) at the mucosal level, is described . However,
it should be taken into account that in this case the
serine protease inhibitors had a protein structure and
therefore recombinant bacteria were able to produce
and express them. Other serine protease inhibitors
such as nafamostat mesilate are synthetic compounds
with an organic chemical structure and thus cannot
be produced by recombinant bacteria. Therefore,
research groups should come up with new strategies
to deliver synthetic compounds at the mucosal level.
In our opinion, in the following years, research groups
should focus on the development of specific serine
protease inhibitors, taking into account the potentiality
of delivering that compound at the level of the colonic
mucosa after correctly measuring the specific protease
profile of the individual patient, allowing individually
tailored therapy.

REFERENCES
1
2
3

4
5

6

7

8

9
10

11

13

14

15

16
17

18
19

Podolsky DK. Inflammatory bowel disease. N Engl J Med 2002;
347: 417-429 [PMID: 12167685 DOI: 10.1056/NEJMra020831]
Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a
clinical review. JAMA 2015; 313: 949-958 [PMID: 25734736 DOI:
10.1001/jama.2015.0954]
Drossman DA. Functional Gastrointestinal Disorders: History,
Pathophysiology, Clinical Features and Rome IV. Gastroenterology
2016; Epub ahead of print [PMID: 27144617 DOI: 10.1053/
j.gastro.2016.02.032]
Ananthakrishnan AN. Epidemiology and risk factors for IBD. Nat
Rev Gastroenterol Hepatol 2015; 12: 205-217 [PMID: 25732745
DOI: 10.1038/nrgastro.2015.34]
Lovell RM, Ford AC. Global prevalence of and risk factors for
irritable bowel syndrome: a meta-analysis. Clin Gastroenterol
Hepatol 2012; 10: 712-721.e4 [PMID: 22426087 DOI: 10.1016/
j.cgh.2012.02.029]
Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria
for irritable bowel syndrome in inflammatory bowel disease:
systematic review and meta-analysis. Am J Gastroenterol 2012;
107: 1474-1482 [PMID: 22929759 DOI: 10.1038/ajg.2012.260]
De Schepper HU, De Man JG, Moreels TG, Pelckmans PA, De
Winter BY. Review article: gastrointestinal sensory and motor
disturbances in inflammatory bowel disease - clinical relevance
and pathophysiological mechanisms. Aliment Pharmacol
Ther 2008; 27: 621-637 [PMID: 18221407 DOI: 10.1111/
j.1365-2036.2008.03624.x]
Hungin AP, Whorwell PJ, Tack J, Mearin F. The prevalence,
patterns and impact of irritable bowel syndrome: an international
survey of 40,000 subjects. Aliment Pharmacol Ther 2003; 17:
643-650 [PMID: 12641512]
Spiller R. Clinical update: irritable bowel syndrome. Lancet
2007; 369: 1586-1588 [PMID: 17499587 DOI: 10.1016/
S0140-6736(07)60726-0]
Barbara G, Cremon C, De Giorgio R, Dothel G, Zecchi L,
Bellacosa L, Carini G, Stanghellini V, Corinaldesi R. Mechanisms
underlying visceral hypersensitivity in irritable bowel syndrome.
Curr Gastroenterol Rep 2011; 13: 308-315 [PMID: 21537962 DOI:
10.1007/s11894-011-0195-7]
Blackshaw LA, Brookes SJ, Grundy D, Schemann M. Sensory
transmission in the gastrointestinal tract. Neurogastroenterol
Motil 2007; 19: 1-19 [PMID: 17280582 DOI: 10.1111/
j.1365-2982.2006.00871.x]

WJG|www.wjgnet.com

12

20

21

22

23

24

25
26
27

28

10283

Anand P, Aziz Q, Willert R, van Oudenhove L. Peripheral
and central mechanisms of visceral sensitization in man.
Neurogastroenterol Motil 2007; 19: 29-46 [PMID: 17280584 DOI:
10.1111/j.1365-2982.2006.00873.x]
Vermeulen W, De Man JG, Pelckmans PA, De Winter BY.
Neuroanatomy of lower gastrointestinal pain disorders. World
J Gastroenterol 2014; 20: 1005-1020 [PMID: 24574773 DOI:
10.3748/wjg.v20.i4.1005]
Marshall JK, Thabane M, Garg AX, Clark WF, Moayyedi P,
Collins SM. Eight year prognosis of postinfectious irritable bowel
syndrome following waterborne bacterial dysentery. Gut 2010; 59:
605-611 [PMID: 20427395 DOI: 10.1136/gut.2009.202234]
Van Spaendonk H, Ceuleers H, Witters L, Patteet E, Joossens J,
Augustyns K, Lambeir AM, De Meester I, De Man JG, De Winter
BY. Gastrointestinal permeability: The role of proteases. World J
Gastroenterol 2016; in Press
Sikandar S, Dickenson AH. Visceral pain: the ins and outs, the ups
and downs. Curr Opin Support Palliat Care 2012; 6: 17-26 [PMID:
22246042 DOI: 10.1097/SPC.0b013e32834f6ec9]
Akbar A, Walters JR, Ghosh S. Review article: visceral hyper
sensitivity in irritable bowel syndrome: molecular mechanisms and
therapeutic agents. Aliment Pharmacol Ther 2009; 30: 423-435
[PMID: 19493256 DOI: 10.1111/j.1365-2036.2009.04056.x]
Camilleri M, Coulie B, Tack JF. Visceral hypersensitivity: facts,
speculations, and challenges. Gut 2001; 48: 125-131 [PMID:
11115834]
Keszthelyi D, Troost FJ, Masclee AA. Irritable bowel syndrome:
methods, mechanisms, and pathophysiology. Methods to assess
visceral hypersensitivity in irritable bowel syndrome. Am J
Physiol Gastrointest Liver Physiol 2012; 303: G141-G154 [PMID:
22595988 DOI: 10.1152/ajpgi.00060.2012]
de Carvalho Rocha HA, Dantas BP, Rolim TL, Costa BA,
de Medeiros AC. Main ion channels and receptors associated
with visceral hypersensitivity in irritable bowel syndrome. Ann
Gastroenterol 2014; 27: 200-206 [PMID: 24976114]
De Winter BY, van den Wijngaard RM, de Jonge WJ. Intestinal
mast cells in gut inflammation and motility disturbances. Biochim
Biophys Acta 2012; 1822: 66-73 [PMID: 21497195 DOI: 10.1016/
j.bbadis.2011.03.016]
Barbara G, Stanghellini V, De Giorgio R, Cremon C, Cottrell GS,
Santini D, Pasquinelli G, Morselli-Labate AM, Grady EF, Bunnett
NW, Collins SM, Corinaldesi R. Activated mast cells in proximity
to colonic nerves correlate with abdominal pain in irritable
bowel syndrome. Gastroenterology 2004; 126: 693-702 [PMID:
14988823]
Deiteren A, De Man JG, Ruyssers NE, Moreels TG, Pelckmans
PA, De Winter BY. Histamine H4 and H1 receptors contribute
to postinflammatory visceral hypersensitivity. Gut 2014; 63:
1873-1882 [PMID: 24561612 DOI: 10.1136/gutjnl-2013-305870]
Wouters MM, Balemans D, Van Wanrooy S, Dooley J, CibertGoton V, Alpizar YA, Valdez-Morales EE, Nasser Y, Van Veldhoven
PP, Vanbrabant W, Van der Merwe S, Mols R, Ghesquière B, Cirillo
C, Kortekaas I, Carmeliet P, Peetermans WE, Vermeire S, Rutgeerts
P, Augustijns P, Hellings PW, Belmans A, Vanner S, Bulmer
DC, Talavera K, Vanden Berghe P, Liston A, Boeckxstaens GE.
Histamine Receptor H1-Mediated Sensitization of TRPV1 Mediates
Visceral Hypersensitivity and Symptoms in Patients With Irritable
Bowel Syndrome. Gastroenterology 2016; 150: 875-87.e9 [PMID:
26752109 DOI: 10.1053/j.gastro.2015.12.034]
Zhang L, Song J, Hou X. Mast Cells and Irritable Bowel Syn
drome: From the Bench to the Bedside. J Neurogastroenterol Motil
2016; 22: 181-192 [PMID: 26755686 DOI: 10.5056/jnm15137]
Vergnolle N. Modulation of visceral pain and inflammation by
protease-activated receptors. Br J Pharmacol 2004; 141: 1264-1274
[PMID: 15051630 DOI: 10.1038/sj.bjp.0705750]
Antalis TM, Shea-Donohue T, Vogel SN, Sears C, Fasano A.
Mechanisms of disease: protease functions in intestinal mucosal
pathobiology. Nat Clin Pract Gastroenterol Hepatol 2007; 4:
393-402 [PMID: 17607295 DOI: 10.1038/ncpgasthep0846]
Rao MB, Tanksale AM, Ghatge MS, Deshpande VV. Molecular

December 21, 2016|Volume 22|Issue 47|

Ceuleers H et al . Proteases and visceral hypersensitivity

29
30
31
32
33

34
35
36

37
38
39
40
41

42

43

44

45

46

47

and biotechnological aspects of microbial proteases. Microbiol Mol
Biol Rev 1998; 62: 597-635 [PMID: 9729602]
Hooper NM. Proteases: a primer. Essays Biochem 2002; 38: 1-8
[PMID: 12463157]
Barrett AJ. The many forms and functions of cellular proteinases.
Fed Proc 1980; 39: 9-14 [PMID: 6985872]
Barrett AJ. Classification of peptidases. Methods Enzymol 1994;
244: 1-15 [PMID: 7845199]
Powers JC, Odake S, Oleksyszyn J, Hori H, Ueda T, Boduszek B,
Kam C. Proteases--structures, mechanism and inhibitors. Agents
Actions Suppl 1993; 42: 3-18 [PMID: 8356929]
Rawlings ND, Barrett AJ, Bateman A. Asparagine peptide lyases:
a seventh catalytic type of proteolytic enzymes. J Biol Chem
2011; 286: 38321-38328 [PMID: 21832066 DOI: 10.1074/jbc.
M111.260026]
Turk B. Targeting proteases: successes, failures and future prospects.
Nat Rev Drug Discov 2006; 5: 785-799 [PMID: 16955069 DOI:
10.1038/nrd2092]
Vergnolle N. Protease inhibition as new therapeutic strategy for
GI diseases. Gut 2016; 65: 1215-1224 [PMID: 27196587 DOI:
10.1136/gutjnl-2015-309147]
Cenac N, Garcia-Villar R, Ferrier L, Larauche M, Vergnolle N,
Bunnett NW, Coelho AM, Fioramonti J, Bueno L. Proteinaseactivated receptor-2-induced colonic inflammation in mice: possible
involvement of afferent neurons, nitric oxide, and paracellular
permeability. J Immunol 2003; 170: 4296-4300 [PMID: 12682265]
Cenac N. Protease-activated receptors as therapeutic targets in
visceral pain. Curr Neuropharmacol 2013; 11: 598-605 [PMID:
24396336 DOI: 10.2174/1570159X113119990039]
Vergnolle N. Clinical relevance of proteinase activated receptors
(pars) in the gut. Gut 2005; 54: 867-874 [PMID: 15888798 DOI:
10.1136/gut.2004.048876]
Zhao P, Metcalf M, Bunnett NW. Biased signaling of proteaseactivated receptors. Front Endocrinol (Lausanne) 2014; 5: 67
[PMID: 24860547 DOI: 10.3389/fendo.2014.00067]
Hollenberg MD, Compton SJ. International Union of Phar
macology. XXVIII. Proteinase-activated receptors. Pharmacol Rev
2002; 54: 203-217 [PMID: 12037136]
Cenac N, Andrews CN, Holzhausen M, Chapman K, Cottrell G,
Andrade-Gordon P, Steinhoff M, Barbara G, Beck P, Bunnett NW,
Sharkey KA, Ferraz JG, Shaffer E, Vergnolle N. Role for protease
activity in visceral pain in irritable bowel syndrome. J Clin Invest
2007; 117: 636-647 [PMID: 17304351 DOI: 10.1172/JCI29255]
Zhao JH, Dong L, Shi HT, Wang ZY, Shi HY, Ding H. The
expression of protease-activated receptor 2 and 4 in the colon of
irritable bowel syndrome patients. Dig Dis Sci 2012; 57: 58-64
[PMID: 21800160 DOI: 10.1007/s10620-011-1827-3]
Buhner S, Li Q, Vignali S, Barbara G, De Giorgio R, Stanghellini
V, Cremon C, Zeller F, Langer R, Daniel H, Michel K, Schemann
M. Activation of human enteric neurons by supernatants of colonic
biopsy specimens from patients with irritable bowel syndrome.
Gastroenterology 2009; 137: 1425-1434 [PMID: 19596012 DOI:
10.1053/j.gastro.2009.07.005]
Liang WJ, Zhang G, Luo HS, Liang LX, Huang D, Zhang FC.
Tryptase and Protease-Activated Receptor 2 Expression Levels in
Irritable Bowel Syndrome. Gut Liver 2016; 10: 382-390 [PMID:
26446924 DOI: 10.5009/gnl14319]
Bian ZX, Li Z, Huang ZX, Zhang M, Chen HL, Xu HX, Sung
JJ. Unbalanced expression of protease-activated receptors-1 and
-2 in the colon of diarrhea-predominant irritable bowel syndrome
patients. J Gastroenterol 2009; 44: 666-674 [PMID: 19430717
DOI: 10.1007/s00535-009-0058-2]
Swan C, Duroudier NP, Campbell E, Zaitoun A, Hastings M, Dukes
GE, Cox J, Kelly FM, Wilde J, Lennon MG, Neal KR, Whorwell
PJ, Hall IP, Spiller RC. Identifying and testing candidate genetic
polymorphisms in the irritable bowel syndrome (IBS): association
with TNFSF15 and TNFα. Gut 2013; 62: 985-994 [PMID:
22684480 DOI: 10.1136/gutjnl-2011-301213]
Lettesjö H, Hansson T, Peterson C, Ung KA, Ringström G,
Abrahamsson H, Simrén M. Detection of inflammatory markers in

WJG|www.wjgnet.com

48

49

50

51

52

53

54

55

56

57

58

59

60

61

10284

stools from patients with irritable bowel syndrome and collagenous
colitis. Scand J Gastroenterol 2006; 41: 54-59 [PMID: 16373277
DOI: 10.1080/00365520510023909]
Róka R, Rosztóczy A, Leveque M, Izbéki F, Nagy F, Molnár T,
Lonovics J, Garcia-Villar R, Fioramonti J, Wittmann T, Bueno L.
A pilot study of fecal serine-protease activity: a pathophysiologic
factor in diarrhea-predominant irritable bowel syndrome. Clin
Gastroenterol Hepatol 2007; 5: 550-555 [PMID: 17336590 DOI:
10.1016/j.cgh.2006.12.004]
Annaházi A, Gecse K, Dabek M, Ait-Belgnaoui A, Rosztóczy A,
Róka R, Molnár T, Theodorou V, Wittmann T, Bueno L, Eutamene
H. Fecal proteases from diarrheic-IBS and ulcerative colitis patients
exert opposite effect on visceral sensitivity in mice. Pain 2009; 144:
209-217 [PMID: 19450926 DOI: 10.1016/j.pain.2009.04.017]
Gecse K, Róka R, Ferrier L, Leveque M, Eutamene H, Cartier C,
Ait-Belgnaoui A, Rosztóczy A, Izbéki F, Fioramonti J, Wittmann T,
Bueno L. Increased faecal serine protease activity in diarrhoeic IBS
patients: a colonic lumenal factor impairing colonic permeability
and sensitivity. Gut 2008; 57: 591-599 [PMID: 18194983 DOI:
10.1136/gut.2007.140210]
Ibeakanma C, Ochoa-Cortes F, Miranda-Morales M, McDonald T,
Spreadbury I, Cenac N, Cattaruzza F, Hurlbut D, Vanner S, Bunnett
N, Vergnolle N, Vanner S. Brain-gut interactions increase peripheral
nociceptive signaling in mice with postinfectious irritable bowel
syndrome. Gastroenterology 2011; 141: 2098-2108.e5 [PMID:
21856270 DOI: 10.1053/j.gastro.2011.08.006]
Tooth D, Garsed K, Singh G, Marciani L, Lam C, Fordham
I, Fields A, Banwait R, Lingaya M, Layfield R, Hastings M,
Whorwell P, Spiller R. Characterisation of faecal protease activity
in irritable bowel syndrome with diarrhoea: origin and effect of gut
transit. Gut 2014; 63: 753-760 [PMID: 23911555 DOI: 10.1136/
gutjnl-2012-304042]
Annaházi A, Ferrier L, Bézirard V, Lévêque M, Eutamène H, AitBelgnaoui A, Coëffier M, Ducrotté P, Róka R, Inczefi O, Gecse
K, Rosztóczy A, Molnár T, Ringel-Kulka T, Ringel Y, Piche T,
Theodorou V, Wittmann T, Bueno L. Luminal cysteine-proteases
degrade colonic tight junction structure and are responsible
for abdominal pain in constipation-predominant IBS. Am J
Gastroenterol 2013; 108: 1322-1331 [PMID: 23711626 DOI:
10.1038/ajg.2013.152]
Edgington-Mitchell LE. Pathophysiological roles of proteases
in gastrointestinal disease. Am J Physiol Gastrointest Liver
Physiol 2016; 310: G234-G239 [PMID: 26702140 DOI: 10.1152/
ajpgi.00393.2015]
Kawao N, Ikeda H, Kitano T, Kuroda R, Sekiguchi F, Kataoka K,
Kamanaka Y, Kawabata A. Modulation of capsaicin-evoked visceral
pain and referred hyperalgesia by protease-activated receptors 1 and
2. J Pharmacol Sci 2004; 94: 277-285 [PMID: 15037813]
Kawabata A, Kawao N, Kuroda R, Tanaka A, Shimada C.
The PAR-1-activating peptide attenuates carrageenan-induced
hyperalgesia in rats. Peptides 2002; 23: 1181-1183 [PMID:
12126749]
Augé C, Balz-Hara D, Steinhoff M, Vergnolle N, Cenac N. Proteaseactivated receptor-4 (PAR 4): a role as inhibitor of visceral pain and
hypersensitivity. Neurogastroenterol Motil 2009; 21: 1189-e107
[PMID: 19413681 DOI: 10.1111/j.1365-2982.2009.01310.x]
Han W, Wang Z, Lu X, Guo C. Protease activated receptor 4
status of mast cells in post infectious irritable bowel syndrome.
Neurogastroenterol Motil 2012; 24: 113-19, e82 [PMID: 22151913
DOI: 10.1111/j.1365-2982.2011.01841.x]
Kawabata A, Kawao N, Kuroda R, Tanaka A, Itoh H, Nishikawa
H. Peripheral PAR-2 triggers thermal hyperalgesia and nociceptive
responses in rats. Neuroreport 2001; 12: 715-719 [PMID:
11277570]
Coelho AM, Vergnolle N, Guiard B, Fioramonti J, Bueno L.
Proteinases and proteinase-activated receptor 2: a possible role to
promote visceral hyperalgesia in rats. Gastroenterology 2002; 122:
1035-1047 [PMID: 11910355]
Reed DE, Barajas-Lopez C, Cottrell G, Velazquez-Rocha S, Dery
O, Grady EF, Bunnett NW, Vanner SJ. Mast cell tryptase and

December 21, 2016|Volume 22|Issue 47|

Ceuleers H et al . Proteases and visceral hypersensitivity

62

63

64

65

66

67

68

69

70

71

72

73
74
75

proteinase-activated receptor 2 induce hyperexcitability of guineapig submucosal neurons. J Physiol 2003; 547: 531-542 [PMID:
12562962 DOI: 10.1113/jphysiol.2002.032011]
Vergnolle N, Bunnett NW, Sharkey KA, Brussee V, Compton SJ,
Grady EF, Cirino G, Gerard N, Basbaum AI, Andrade-Gordon P,
Hollenberg MD, Wallace JL. Proteinase-activated receptor-2 and
hyperalgesia: A novel pain pathway. Nat Med 2001; 7: 821-826
[PMID: 11433347 DOI: 10.1038/89945]
Kawabata A, Kawao N, Kitano T, Matsunami M, Satoh R, Ishiki
T, Masuko T, Kanke T, Saito N. Colonic hyperalgesia triggered by
proteinase-activated receptor-2 in mice: involvement of endogenous
bradykinin. Neurosci Lett 2006; 402: 167-172 [PMID: 16644120
DOI: 10.1016/j.neulet.2006.03.074]
Valdez-Morales EE, Overington J, Guerrero-Alba R, Ochoa-Cortes
F, Ibeakanma CO, Spreadbury I, Bunnett NW, Beyak M, Vanner
SJ. Sensitization of peripheral sensory nerves by mediators from
colonic biopsies of diarrhea-predominant irritable bowel syndrome
patients: a role for PAR2. Am J Gastroenterol 2013; 108: 1634-1643
[PMID: 23958521 DOI: 10.1038/ajg.2013.241]
Wang P, Chen FX, Du C, Li CQ, Yu YB, Zuo XL, Li YQ.
Increased production of BDNF in colonic epithelial cells induced
by fecal supernatants from diarrheic IBS patients. Sci Rep 2015; 5:
10121 [PMID: 25998025 DOI: 10.1038/srep10121]
Ceuleers H, Segaert E, Heirbaut J, Hanning N, Francque SM,
Joossens J, De Meester I, De Man J, De Winter BY. Su1937
Two Serine Protease Inhibitors, Nafamostat Mesylate and the
Newly Developed SPIx, Decrease Post-Inflammatory Visceral
Hypersensitivity in Rats. Gastroenterology 2016; 150: S593-S4
[DOI: 10.1016/S0016-5085(16)32036-4]
Ceuleers H, De Man JG, Deiteren A, De Schepper H, Joossens
J, Francque S. The effect of a potent tryptase inhibitor and a new
serine protease inhibitor on visceral pain in a rat model of acute
colitis. Friday, 5 June 2015 08: 30-10: 00 Hall B2 FP-01 Sensory
mechanisms. Neurogastroenterol Motility 2015; 27: 22-25 [DOI:
10.1111/nmo.12597]
Zhao J, Wang J, Dong L, Shi H, Wang Z, Ding H, Shi H, Lu
X. A protease inhibitor against acute stress-induced visceral
hypersensitivity and paracellular permeability in rats. Eur J
Pharmacol 2011; 654: 289-294 [PMID: 21237151 DOI: 10.1016/
j.ejphar.2010.12.032]
Zhao J, Wang Z, Zou B, Song Y, Dong L. [Camostat mesilate,
a protease inhibitor, inhibits visceral sensitivity and spinal c-fos
expression in rats with acute restraint stress]. Nan Fang Yi Ke Da
Xue Xue Bao 2014; 34: 1546-1550 [PMID: 25345960]
Moussa L, Bézirard V, Salvador-Cartier C, Bacquié V, Lencina
C, Lévêque M, Braniste V, Ménard S, Théodorou V, Houdeau
E. A low dose of fermented soy germ alleviates gut barrier
injury, hyperalgesia and faecal protease activity in a rat model of
inflammatory bowel disease. PLoS One 2012; 7: e49547 [PMID:
23166707 DOI: 10.1371/journal.pone.0049547]
Moussa L, Bézirard V, Salvador-Cartier C, Bacquié V, Houdeau
E, Théodorou V. A new soy germ fermented ingredient displays
estrogenic and protease inhibitor activities able to prevent
irritable bowel syndrome-like symptoms in stressed female rats.
Clin Nutr 2013; 32: 51-58 [PMID: 22727545 DOI: 10.1016/
j.clnu.2012.05.021]
Bermúdez-Humarán LG, Motta JP, Aubry C, Kharrat P, RousMartin L, Sallenave JM, Deraison C, Vergnolle N, Langella P.
Serine protease inhibitors protect better than IL-10 and TGF-β antiinflammatory cytokines against mouse colitis when delivered by
recombinant lactococci. Microb Cell Fact 2015; 14: 26 [PMID:
25889561 DOI: 10.1186/s12934-015-0198-4]
Mavrakanas TA, Chatzizisis YS. Bivalirudin in stable angina and
acute coronary syndromes. Pharmacol Ther 2015; 152: 1-10 [PMID:
25857452 DOI: 10.1016/j.pharmthera.2015.04.003]
Reddy P, Giugliano RP. The role of rivaroxaban in atrial fibrillation
and acute coronary syndromes. J Cardiovasc Pharmacol Ther 2014;
19: 526-532 [PMID: 24659084 DOI: 10.1177/1074248414525505]
McCormack PL. Edoxaban: a review in nonvalvular atrial
fibrillation. Am J Cardiovasc Drugs 2015; 15: 351-361 [PMID:

WJG|www.wjgnet.com

76

77
78

79
80

81

82

83

84

85

86
87

88

89
90
91

10285

26369340 DOI: 10.1007/s40256-015-0148-x]
Fanola CL. Current and emerging strategies in the management of
venous thromboembolism: benefit-risk assessment of dabigatran.
Vasc Health Risk Manag 2015; 11: 271-282 [PMID: 26064057
DOI: 10.2147/VHRM.S62595]
Fujii K, Kanno Y, Konishi K, Ohgou N. A specific thrombin
inhibitor, argatroban, alleviates herpes zoster-associated pain. J
Dermatol 2001; 28: 200-207 [PMID: 11449671]
Armstrong WB, Taylor TH, Kennedy AR, Melrose RJ, Messadi
DV, Gu M, Le AD, Perloff M, Civantos F, Goodwin WJ, Wirth LJ,
Kerr AR, Meyskens FL. Bowman birk inhibitor concentrate and oral
leukoplakia: a randomized phase IIb trial. Cancer Prev Res (Phila)
2013; 6: 410-418 [PMID: 23639862 DOI: 10.1158/1940-6207.
CAPR-13-0004]
Scully M, Gates C, Neave L. How we manage patients with heparin
induced thrombocytopenia. Br J Haematol 2016; 174: 9-15 [PMID:
27097741 DOI: 10.1111/bjh.14102]
Heinemann V, Ebert MP, Laubender RP, Bevan P, Mala C, Boeck
S. Phase II randomised proof-of-concept study of the urokinase
inhibitor upamostat (WX-671) in combination with gemcitabine
compared with gemcitabine alone in patients with non-resectable,
locally advanced pancreatic cancer. Br J Cancer 2013; 108: 766-770
[PMID: 23412098 DOI: 10.1038/bjc.2013.62]
Uwagawa T, Misawa T, Tsutsui N, Ito R, Gocho T, Hirohara S,
Sadaoka S, Yanaga K. Phase II study of gemcitabine in combination
with regional arterial infusion of nafamostat mesilate for advanced
pancreatic cancer. Am J Clin Oncol 2013; 36: 44-48 [PMID:
22157216 DOI: 10.1097/COC.0b013e31823a53b2]
Bao P, Zhao W, Li Y, Liu Y, Zhou Y, Liu C. Protective effect of
ulinastatin in patients with non-small cell lung cancer after radiation
therapy: a randomized, placebo-controlled study. Med Oncol 2015;
32: 405 [PMID: 25502081 DOI: 10.1007/s12032-014-0405-x]
Narra K, Mullins SR, Lee HO, Strzemkowski-Brun B, Magalong
K, Christiansen VJ, McKee PA, Egleston B, Cohen SJ, Weiner LM,
Meropol NJ, Cheng JD. Phase II trial of single agent Val-boroPro
(Talabostat) inhibiting Fibroblast Activation Protein in patients with
metastatic colorectal cancer. Cancer Biol Ther 2007; 6: 1691-1699
[PMID: 18032930]
Zhang L, Wang N, Zhou S, Ye W, Yao Q, Jing G, Zhang M.
Preventive effect of ulinastatin on postoperative complications,
immunosuppression, and recurrence in esophagectomy patients.
World J Surg Oncol 2013; 11: 84 [PMID: 23575450 DOI:
10.1186/1477-7819-11-84]
Krishna MT, Chauhan A, Little L, Sampson K, Hawksworth R,
Mant T, Djukanovic R, Lee T, Holgate S. Inhibition of mast cell
tryptase by inhaled APC 366 attenuates allergen-induced late-phase
airway obstruction in asthma. J Allergy Clin Immunol 2001; 107:
1039-1045 [PMID: 11398082 DOI: 10.1067/mai.2001.115631]
Strange C, Beiko T. Treatment of Alpha-1 Antitrypsin Deficiency.
Semin Respir Crit Care Med 2015; 36: 470-477 [PMID: 26238635
DOI: 10.1055/s-0035-1555608]
Twigg MS, Brockbank S, Lowry P, FitzGerald SP, Taggart C,
Weldon S. The Role of Serine Proteases and Antiproteases in the
Cystic Fibrosis Lung. Mediators Inflamm 2015; 2015: 293053
[PMID: 26185359 DOI: 10.1155/2015/293053]
Thomas MC, Paldánius PM, Ayyagari R, Ong SH, Groop PH.
Systematic Literature Review of DPP-4 Inhibitors in Patients
with Type 2 Diabetes Mellitus and Renal Impairment. Diabetes
Ther 2016; 7: 439-454 [PMID: 27502495 DOI: 10.1007/
s13300-016-0189-4]
Royston D. The current place of aprotinin in the management
of bleeding. Anaesthesia 2015; 70 Suppl 1: 46-9, e17 [PMID:
25440394 DOI: 10.1111/anae.12907]
Ono S, Aosasa S, Mochizuki H. Effects of a protease inhibitor on
reduction of surgical stress in esophagectomy. Am J Surg 1999; 177:
78-82 [PMID: 10037314]
Inagaki H, Nonami T, Kurokawa T, Takeuchi Y, Okuda N, Nakao
A, Sakamoto J. Effects of nafamostat mesilate, a synthetic protease
inhibitor, on immunity and coagulation after hepatic resection.
Hepatogastroenterology 1999; 46: 3223-3228 [PMID: 10626190]

December 21, 2016|Volume 22|Issue 47|

Ceuleers H et al . Proteases and visceral hypersensitivity
92

93

Ito H, Nakayama H, Yokose T, Yamada K. Prophylaxis for acute
exacerbation of interstitial pneumonia after lung resection. Asian
Cardiovasc Thorac Ann 2014; 22: 948-954 [PMID: 24585320 DOI:
10.1177/0218492314526187]
Joossens J, Ali OM, El-Sayed I, Surpateanu G, Van der Veken P,

Lambeir AM, Setyono-Han B, Foekens JA, Schneider A, Schmalix
W, Haemers A, Augustyns K. Small, potent, and selective diaryl
phosphonate inhibitors for urokinase-type plasminogen activator
with in vivo antimetastatic properties. J Med Chem 2007; 50:
6638-6646 [PMID: 18052026 DOI: 10.1021/jm700962j]
P- Reviewer: Ghannam A, Ksiazek M, Lakatos PL S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

10286

December 21, 2016|Volume 22|Issue 47|

World J Gastroenterol 2016 December 21; 22(47): 10287-10303
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i47.10287

© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Protocol for laparoscopic cholecystectomy: Is it rocket
science?
Tomohide Hori, Fumitaka Oike, Hiroaki Furuyama, Takafumi Machimoto, Yoshio Kadokawa, Toshiyuki Hata,
Shigeru Kato, Daiki Yasukawa, Yuki Aisu, Maho Sasaki, Yusuke Kimura, Yuichiro Takamatsu, Masato Naito,
Masaya Nakauchi, Takahiro Tanaka, Daigo Gunji, Kiyokuni Nakamura, Kiyoko Sato, Masahiro Mizuno,
Taku Iida, Shintaro Yagi, Shinji Uemoto, Tsunehiro Yoshimura
Tomohide Hori, Hiroaki Furuyama, Takafumi Machimoto,
Yoshio Kadokawa, Toshiyuki Hata, Shigeru Kato, Daiki
Yasukawa, Yuki Aisu, Maho Sasaki, Yusuke Kimura,
Yuichiro Takamatsu, Tsunehiro Yoshimura, Department of
Gastrointestinal and General Surgery, Tenriyorodusoudanjyo
Hospital, Tenri 632-8552, Japan

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/

Fumitaka Oike, Masato Naito, Masaya Nakauchi, Takahiro
Tanaka, Daigo Gunji, Kiyokuni Nakamura, Department of
Gastrointestinal Surgery, Mitsubishi Kyoto Hospital, Kyoto
615-8087, Japan

Manuscript source: Invited manuscript

Kiyoko Sato, Department of Anesthesiology, Mitsubishi Kyoto
Hospital, Kyoto 615-8087, Japan
Masahiro Mizuno, Department of Gastroenterology and
Hepatology, Mitsubishi Kyoto Hospital, Kyoto 615-8087, Japan
Taku Iida, Shintaro Yagi, Shinji Uemoto, Department of
Hepatobiliary Pancreatic Surgery, Kyoto University Hospital,
Kyoto 606-8507, Japan
Author contributions: Hori T and Oike F created the
initial protocol for laparoscopic cholecystectomy, and both
authors thereafter further revised the protocol; Hori T drew
all illustrations and schemas, collected the data, performed
the statistical analyses, and wrote the review; Furuyama H,
Machimoto T, Kadokawa Y, Hata T, Kato S, Yasukawa D, Aisu
Y, Sasaki M, Kimura Y, Takamatsu Y, Naito M, Nakauchi M,
Tanaka T, Gunji D, Nakamura K, Sato K, Mizuno M, Iida T and
Yagi S provided academic opinions on the review and helped
to assess important papers; Oike F, Uemoto S and Yoshimura T
supervised this review.
Conflict-of-interest statement: Neither author has a potential
conflict of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative

WJG|www.wjgnet.com

Correspondence to: Tomohide Hori, PhD, MD, FACS,
Department of Gastrointestinal and General Surgery, Tenriyoro
dusoudanjyo Hospital, 200 Mishima-cho, Tenri 632-8552,
Japan. horitomo@tenriyorozu.jp
Telephone: +81-743-635611
Fax: +81-743-631530
Received: July 30, 2016
Peer-review started: August 2, 2016
First decision: September 28, 2016
Revised: October 16, 2016
Accepted: November 28, 2016
Article in press: November 28, 2016
Published online: December 21, 2016

Abstract
Laparoscopic cholecystectomy (LC) does not require
advanced techniques, and its performance has there
fore rapidly spread worldwide. However, the rate of
biliary injuries has not decreased. The concept of the
critical view of safety (CVS) was first documented two
decades ago. Unexpected injuries are principally due
to misidentification of human factors. The surgeon’s
assumption is a major cause of misidentification, and
a high level of experience alone is not sufficient for
successful LC. We herein describe tips and pitfalls of LC
in detail and discuss various technical considerations.
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Finally, based on a review of important papers and
our own experience, we summarize the following
mandatory protocol for safe LC: (1) consideration
that a high level of experience alone is not enough;
(2) recognition of the plateau involving the common
hepatic duct and hepatic hilum; (3) blunt dissection
until CVS exposure; (4) Calot’s triangle clearance
in the overhead view; (5) Calot’s triangle clearance
in the view from underneath; (6) dissection of the
posterior right side of Calot’s triangle; (7) removal of
the gallbladder body; and (8) positive CVS exposure.
We believe that adherence to this protocol will ensure
successful and beneficial LC worldwide, even in patients
with inflammatory changes and rare anatomies.
Key words: laparoscopic cholecystectomy; gallbladder;
critical view of safety; biliary injury; protocol
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In 1995, the concept of the critical view of
safety was clearly established. In 2006, it was revo
lutionarily suggested that a high level of experience
alone is not sufficient for successful laparoscopic
cholecystectomy (LC). In 2016, we described a protocol
for successful LC, even in patients with inflammatory
changes and rare anatomies. Thus, the mandatory
protocol for LC seems to have undergone stepwise
development in every decade. Although all surgeons
are at risk of making errors based on their own assump
tions during LC, we believe that adherence to the
herein-described protocol preserves the benefits of LC
for patients worldwide.
Hori T, Oike F, Furuyama H, Machimoto T, Kadokawa Y, Hata
T, Kato S, Yasukawa D, Aisu Y, Sasaki M, Kimura Y, Takamatsu
Y, Naito M, Nakauchi M, Tanaka T, Gunji D, Nakamura K, Sato
K, Mizuno M, Iida T, Yagi S, Uemoto S, Yoshimura T. Protocol
for laparoscopic cholecystectomy: Is it rocket science? World J
Gastroenterol 2016; 22(47): 10287-10303 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i47/10287.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i47.10287

INTRODUCTION
Pure laparoscopic surgery (PLS) has been adopted
in various fields. Compared with open surgery (OS),
PLS has substantial advantages in terms of less blood
loss, less pain, a lower morbidity rate, a shorter time
[1]
to a postoperative diet, and a shorter hospital stay .
Unfortunately, especially in the field of hepatobiliary
and pancreatic (HBP) surgery, PLS has developed
relatively slowly due to technical difficulties and a
[1]
protracted learning curve .
Laparoscopic cholecystectomy (LC) is an exception
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[2,3]

in the field of HBP surgery . LC does not require
advanced techniques involving reconstructions and/or
[4]
anastomoses, and it embodies a rapid learning curve .
[5]
The documented conversion rate to OS is 5% . The
validated advantages of LC include lower morbidity and
mortality rates, a shorter time to a postoperative diet,
a shorter hospital stay, earlier social reintegration, and
[4,6,7]
a modest cost advantage
. Since the first report
[8]
of LC in 1989 , this procedure has become globally
widespread.
The surgical indications for gallbladder (GB) dis
[9,10]
eases are well described in textbooks
. Major
[11]
textbooks in the fields of general surgery
and HBP
[10]
surgery have devoted much space to LC.
The basic skills required for PLS and OS are dis
tinct. Notably, a high level of experience alone is not
[12]
adequate to ensure successful performance of LC .
We herein summarize various tips and pitfalls of LC in
detail and discuss the technical considerations of this
procedure. Finally, we summarize the intraoperative
principles for safe performance of LC based on a
review of important papers and our own experience.

IMPORTANT ANATOMY
The anatomy of the biliary system is shown in Figure
1A. Hartmann’s pouch and the GB infundibulum are
located in different portions of the biliary system.
The GB infundibulum and cystic duct (CD) meet to
form the infundibulum-CD (IC) junction, and the CD
contains Heister’s valves (spiral folds). The common
hepatic duct (CHD), CD, and common bile duct (CBD)
comprise the biliary confluence, and biliary drainage is
regulated by motility of Oddi’s sphincter.

CRITICAL VIEW OF SAFETY
The concept of the critical view of safety (CVS) was
[13]
originated by Strasberg et al
in 1995 (Figure 1B).
The CD and cystic artery (CA) should not be clipped or
cut until positively identified. Calot’s triangle must be
dissected free of fatty, fibrous, and areolar tissues. The
lower end of the GB is dissected off of the liver bed
(LB), and the bottom of the liver should be visible. It
is not necessary to directly confirm the CHD and CBD.
Hence, only two structures should be seen to enter the
GB.
Positive identification of the CD and CA as they
join the GB infundibulum is required before these
[12]
structures can be divided . This theory advocates use
[13]
[14-18]
of the CVS , intraoperative cholangiography
, and
[19]
infundibular technique . However, a simple question
arises. How can this reliably be achieved? The clear
answer is employment of the technical concept of CVS;
i.e., tentative but positive division of cystic structures
in Calot’s triangle followed by removal of the GB off of
[12]
the LB .
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Figure 1 Tips and pitfalls of laparoscopic cholecystectomy. A: Anatomy is important when performing LC; B: Strasberg’s CVS is shown; C: The patient is placed
in a combination of an open-leg supine position and lithotomy position; D: Four ports are placed. The operator’s lateral port should be adequately placed (red circle);
E: Port placement (red arrow) should be performed without any injuries; F: The GB fundus is superiorly and cranially lifted (blue arrow). The operator’s ports should
then be placed with the forceps tip positioned at an adequate degree around Calot’s triangle (dotted arrow); G: Gauze is placed to dilate the hepatorenal fossa. The
hepatoduodenal ligament is stretched. Rouviere’s sulcus and Hartmann’s pouch are confirmed; H: The left sagittal fissure is confirmed. A U-shaped line (dotted line) is
visually traced from the round ligament of the liver to the left side of the GB. The bottom plateau of this U-shaped line necessarily involves the CHD and hepatic hilum.
Adequate retractions are performed (blue arrows). CD: Cystic duct; CHD: Common hepatic duct; CVS: Critical view of safety; GB: Gallbladder; IC: Infundibulum-cystic
duct; LB: Liver bed; LC: Laparoscopic cholecystectomy.
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DETAILED PROCEDURES FOR ELECTIVE
CASES WITHOUT INFLAMMATION
The patient is placed in a combination of an open-leg
supine position and lithotomy position using a kneecrutch-type leg holder system (Figure 1C). A negativepressure holding fixture (Magic bed; Matsuyoshi and
Co., Tokyo, Japan) is useful. A three-dimensional (3D)
laparoscopic system is not required; instead, a flexible
laparoscope with an adequate luminous source is
usually used. Our laparoscope is 5 mm in diameter
(Endoeye Flex; Olympus, Tokyo, Japan). Based on our
experience, a flexible laparoscope is better from the
viewpoint of excellent vision. The camera port is placed
at the umbilicus without injury. Pneumoperitoneum
of 12 mmHg is created by carbon dioxide gas with
the patient lying in the left arm reclining and headup position. Pneumoperitoneum pressure induced
by marked infiltration of carbon dioxide gas helps
to create a dissectible/cuttable layer. The smallest
necessary stab wounds are made; an additional
incision may be required for later GB excision. If an
umbilical incision of > 10 mm appears to be required
to extract the GB, a 10-mm flexible laparoscope is
chosen as the luminous source. Based on our ex
perience, a 10-mm laparoscope is better from the
viewpoint of enough luminous source.
Surgeons should be cooperative during LC. A
separate laparoscopist is employed to participate if
possible. As noted above, the smallest possible stab
wounds are made, and four ports are placed (two
5-mm and two approximately 3-mm ports) (Figure
1D). Port placement should avoid injury to the vessels
of the abdominal wall and intraperitoneal organs (Figure
1E). The intraperitoneal length of the port should be
adjusted. The lateral port is placed, and the GB fundus
is superiorly and cranially lifted by the assistant. In a
word, the fundus is retracted cranially and towards
right shoulder. Thereafter, the operator’s lateral port
is placed with the forceps tip placed at an adequate
degree around Calot’s triangle (approximately 45°-60°)
(Figure 1D and F). Avoidance of an excessively sharp
or wide degree is important. Thinner trocars (3.5-mm
trocar sleeve and blunt type of trocar pin, AdTec mini;
Aesculap, Tokyo, Japan) and instruments (grasping
forceps, Maryland dissector, and Metzenbaum scissors,
3.5-mm, AdTec mini; Aesculap) work well. Stretching
of the hepatoduodenal ligament is important to ensure
a clear surgical field, and colored gauze without
halation is placed at the hepatorenal fossa (i.e.,
Morison’s pouch) if needed (Figure 1G). Based on our
experience, this gauze placement is useful.
The GB fundus is lifted superiorly and cranially by
the assistant’s forceps, and the liver is then retracted.
An articulated fan-shaped retractor with a delta-shaped
piece of gauze can allow for adequate liver retraction
without any slippage, although a 5-mm port is required.
The liver retraction is performed superiorly and cranially,
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and a working space is obtained. The hepatorenal fossa
is widely dilated, and Rouviere’s sulcus and Hartmann’s
pouch are confirmed (Figure 1G).
The CVS is established using the many-angled
views of the flexible laparoscope. The GB is then
removed from the LB without injury. This is an im
portant goal during LC. We recognize that a flexible
scope is not readily available at all institutions around
the world. However, from this viewpoint, a flexible
laparoscope is better.
The medial and lateral segments are visibly bound
by the left sagittal fissure and round ligament. A
fatty fissure is traced in a U shape from the round
ligament of the liver to the left side of the GB (Figure
1H) because the bottom plateau of this U-shaped
line necessarily involves the CHD and hepatic hilum.
Recognition of the plateau involving the CHD and
hepatic hilum is very important for subsequent
isolation of the CD.
Initial recognition of Rouviere’s sulcus is also
important (Figure 1G). Even in patients with an
aberrant right hepatic duct (RHD) or a biliary branch of
segment 6 (B6), which runs into the CHD separately,
the fatty fissure of Rouviere’s sulcus always involves
the RHD, aberrant RHD, and a solitary B6. Notably, the
right hepatic artery (RHA) should never be used as a
visual marker.
A flexible laparoscope can provide an excellent view
in any direction. Calot’s triangle must be dissected
[12-14,20]
from both its dorsal and ventral aspects
. In
particular, a combination of blunt dissection (Figure
2A-C) and an L-hook electrocautery technique has
[12]
broad utility (Figure 2D and E) .
Hartmann’s pouch should be pulled laterally and
inferiorly to open the anterior left side of Calot’s
triangle and create a wider angle between the CD and
[12,13,20]
CHD
(Figure 2F); this avoids biliary injury due
[12]
to the parallel junction of the CD with the CHD .
The overhead view is useful during this procedure. A
dissectable and cuttable layer should be intensively
[13]
traced as close to the GB and CD as possible . A
partial penetration window is made to identify the
dorsal side (Figure 2G). The anterior left side of Calot’s
triangle is then exposed and dissected (Figure 2F and
G). The GB should be followed down to the presumed
[12]
point of the IC junction (Figure 2G). The lymph node
of the CD (LN# 12c) should be preserved.
Next, the posterior right side of Calot’s triangle is
exposed and dissected while applying superior and
medial traction to the GB infundibulum or Hartmann’s
[13,21]
pouch
(Figure 2H). The GB should never be pushed
directly to the liver. The flexible laparoscope provides
an excellent view from underneath during this proce
dure. Intentional confirmation of the S-like curve on
Hartmann’s pouch, infundibulum, IC junction, and CD
is very important (Figure 3A). The IC junction may be
recognized by the whiter color change of the CD. Note
that the IC junction will be confirmed as an inverted V
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Figure 2 Tips and pitfalls of laparoscopic cholecystectomy. A: Countertraction by grasping tissue (red arrow) is a useful dissection, and a dissectable/cuttable layer
(dotted circle) is made under coordinated retraction (blue arrow); B: Blunt dissection in the overhead view is useful around Calot’s triangle (red arrows); C: Blunt dissection
by suction in the overhead view is also useful under adequate retraction (blue arrow); D: A dissectible/cuttable layer is created and should be intentionally traced as close
to the GB as possible. The width of the dissectable/cuttable layer is confirmed with a reciprocating L-hook (red arrow); E: A safe field is routinely made to the foreground.
Tension is created with an L-hook (red arrow), and the tissue is then cut by energization. Adequate traction is performed (blue arrow); F: Hartmann’s pouch should be
pulled laterally and inferiorly (blue arrow) to open the anterior left side of Calot’s triangle and create a wider angle between the CD and CHD (dotted line). A parallel junction
of the CD with the CHD should be avoided. Nerves around the GB neck and CD are cut nearly at the GB (red lines); G: Hartmann’s pouch should be pulled laterally and
inferiorly (blue arrow). The GB should be followed down to the presumed point of the IC junction, as close to the GB side as possible (red arrow). Nerves around the GB
neck and the CD are cut (red lines). A partial penetration window is made to confirm the dorsal side (green arrow). The anterior left side of Calot’s triangle is adequately
exposed in the overhead view; H: The posterior right side of Calot’s triangle is exposed and dissected while applying superior and medial traction of the GB infundibulum or
Hartmann’s pouch (red arrow). The GB should never be pushed directly to the liver side. Supportive tractions are performed (blue arrows). CD: Cystic duct; CHD: Common
hepatic duct; CVS: Critical view of safety; GB: Gallbladder; IC: Infundibulum-cystic duct; LB: Liver bed; LC: Laparoscopic cholecystectomy.
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(red line) because of the superior and medial traction of the GB (blue arrow); C: The cutline of the membrane is made to the GB body at a safe distance from Rouviere’s
sulcus (red arrow). Adequate retraction is performed (blue arrow); D: Dissectable tissue around the GB should never be followed into Rouviere’s sulcus. Uncoupling of
the GB wall and fatty fissure of Rouviere’s sulcus is important to avoid any biliary injuries. Adequate retraction is performed (blue arrow); E: Approximately two-thirds
or half of the GB body is removed from the LB in the overhead view. A dissectable/cuttable layer is cut by L-hook electrocautery (red arrow) under adequate retraction
(blue arrow), as close to the GB as possible; F: Approximately two-thirds or half of the GB body is removed from the LB in the view from underneath with adequate
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sulcus is far from the CD and GB; H: The CVS is dorsally confirmed (red arrow) under counter-retraction (blue arrow). Approximately two-thirds or half of the GB body
is removed from the LB. Rouviere’s sulcus is located far from the CD and GB. The U-like line from the round ligament of the liver to the left side of the GB is visually
traced (dotted line). CD: Cystic duct; CHD: Common hepatic duct; CVS: Critical view of safety; GB: Gallbladder; IC: Infundibulum-cystic duct; LB: Liver bed; LC:
Laparoscopic cholecystectomy.
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shape because of the superior and medial traction of
the GB (Figure 3B).
The cutline of the membrane is made to the GB
body at a point adequately distant from Rouviere’s
sulcus (Figure 3C). The dissectable tissue around the GB
should never be followed into Rouviere’s sulcus because
biliary injury may occur (Figure 3D). Establishment of a
rightward and upward view under superior and medial
traction of the GB infundibulum or Hartmann’s pouch
is key to dissection of the posterior right side of Calot’
[13,21]
s triangle
(Figure 3D). First, however, a dissectable
and cuttable layer is traced to the GB body as close to
the GB as possible by L-hook electrocautery. Uncoupling
of the GB wall and fatty fissure of Rouviere’s sulcus is
important to avoid biliary injury to the RHD, aberrant
RHD, or a solitary B6 (Figure 3D).
Approximately two-thirds or half of the GB body
is removed from the LB at the time of CVS exposure
(Figure 3E and F), even in patients with a floating GB.
Thereafter, structures entering the GB (i.e., the CA and
CD) are skeletonized with effort. Hence, the CVS is
positively established (Figure 3G and H). Notably, no
sealing devices should be used until the CVS has been
established.
The structures entering the GB are cut (the CA
followed by the CD). The CA is cut with scissors after
bilateral clipping; alternatively, it can be cut directly
with laparoscopic coagulating shears (LCS) or stronger
sealing devices. The CD is then cut with scissors after
bilateral and dual clipping. To avoid residual placement
of foreign material, the remnant sides of the CA and
CD are ligated by absorbable sutures.
Finally, the GB is removed from the LB and placed
in a bag. The umbilical wound is extended as little
as possible, and the bag is extracted. Lavage is not
necessarily required. Hemostasis, stumps, and port
sites are carefully checked. After GB removal, release
of the retraction and the weight of the liver itself often
stops most bleeding. Adequate compression using
gauze also works well to stop bleeding at the LB (Figure
4A). To avoid biliary injury, hemostasis by thermal
spread should not be used, especially at the LB of the
GB neck, Rouviere’s sulcus, and CD stump (Figure
4B). Only ≥ 5-mm stab wounds are closed with
absorbable sutures (PDS Plus; Ethicon, Tokyo, Japan).
If the umbilical wound is extended, the fascia and skin
are closed separately to prevent postoperative hernia
formation.

PROTOCOL FOR RELIABLE LC
Our protocol for reliable LC comprises eight items:
(1) Perform LC under the consideration that a high
level of experience alone is not enough. Unexpected
injuries may be caused by misidentification, and
the surgeon’s assumption is a major cause of misi
dentification; (2) Recognize the U-like line of the
medial segment. This bottom plateau necessarily
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involves the CHD and hepatic hilum; (3) Mainly
employ blunt dissection until CVS exposure. The
dissectable/cuttable layer should be traced as close
to the GB and CD as possible. Tissue dissection
and membrane cutting should be extended from
the apparent side, not from the unknown side. No
sealing devices should be used until the CVS has
been exposed; (4) Expose and dissect the anterior
left side of Calot’s triangle in the overhead view.
Hartmann’s pouch is pulled laterally and inferiorly to
open the anterior left side of Calot’s triangle. A wider
angle between the CD and CHD is created to avoid
a biliary injury due to the parallel junction of the CD
and CHD; (5) Expose and dissect Calot’s triangle
in the view from underneath. Superior and medial
traction of the GB infundibulum or Hartmann’s pouch
is performed. The S-like curve on Hartmann’s pouch,
GB infundibulum, IC junction, and CD is confirmed.
The IC junction may be confirmed as an inverted V
shape; (6) Expose and dissect the posterior right
side of Calot’s triangle in the rightward and upward
view. Recognize Rouviere’s sulcus. The cutline of the
membrane is made to the GB body at an adequately
far distance from Rouviere’s sulcus, and the GB
wall and fatty fissure of Rouviere’s sulcus are then
uncoupled. Dissectable tissue around the GB should
never be followed into Rouviere’s sulcus because
unexpected biliary injuries may occur; (7) Remove
half to two-thirds of the GB body from the LB; and (8)
Positively complete exposure of the CVS. Only two
cystic structures should be seen entering the GB. The
details of this protocol are summarized in Table 1.

PROCEDURES FOR PATIENTS WITH
CHOLECYSTITIS
The indications for and timing of surgery for acute
cholecystitis are described in textbooks of general
[9]
[22]
surgery and HBP surgery . In Japan, surgical
guidelines and clinical decisions are documented for
[23]
acute cholecystitis . The GB neck and Hartmann’s pouch
often extend into the dorsal space due to inflammatory
changes and/or healing contracture, and unexpected
excursions of important ducts and vessels may occur
(Figure 4C). This phenomenon is related to so-called
[19]
“Hidden CD syndrome” . Disease severity is an
[19,24-26]
important risk factor
. Extrinsic compression of
the CHD/CBD, including Mirizzi syndrome, technically
make LC more difficult. Inflammatory impacts on the
CHD, confluence, and CBD as well as the presence of
any biliary fistulas should be detected by image studies
and recognized beforehand. Surgeons should take
patients with acute or chronic inflammation seriously,
and they should not hesitate to perform preoperative
detailed imaging studies (Figure 4D) or employ a
3D laparoscopic system during LC. We suggest that
compliance with the above-described protocol for LC
make LC safe even in patients with inflammation.
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Figure 4 Tips and pitfalls of laparoscopic cholecystectomy. A: Adequate compression using gauze (blue arrows) works well to stop bleeding at the LB; B:
Hemostasis by thermal spread should be never used, nearly at the LB of the GB neck, Rouviere’s sulcus, and CD stump; C: The GB neck and Hartmann’s pouch
often extend into the dorsal space due to inflammatory change and/or healing contracture, and unexpected excursions of important ducts and vessels may occur
(dotted area). The dissectable/cuttable layer is cut under adequate retraction (blue arrow) as close to the GB as possible using the L-hook electrocautery technique (red
arrows); D: Surgeons should not hesitate to perform preoperative detailed imaging studies in complicated cases. The CD (yellow arrow) and CA (red arrow) can be
clearly detected on the 3D image; E: The GB is decompressed at the fundus by a dissector with energization; F: Under GB fixation (blue arrows), aspiration is surely
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ligation (red arrows). CD: Cystic duct; CHD: Common hepatic duct; CVS: Critical view of safety; GB: Gallbladder; IC: Infundibulum-cystic duct; LB: Liver bed; LC:
Laparoscopic cholecystectomy.
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Table 1 Mandatory protocol to avoid unexpected injuries during laparoscopic cholecystectomy
Consideration that a high level of experience alone is not adequate for successful laparoscopic cholecystectomy
Biliary injuries are principally caused by misperception, not from insufficient skill, lack of knowledge, or misjudgment
Misidentification is the result of failure to conclusively identify the cystic structures and is secondary to the surgeons’ assumptions during LC
Recognition of the plateau involving the CHD and hepatic hilum
Stretch the hepatoduodenal ligament and confirm the left sagittal fissure
A U-shaped line is visually traced from the round ligament of the liver to the left side of the GB
The bottom plateau of this U-shaped line necessarily involves the CHD and hepatic hilum
Blunt dissection until CVS exposure
During clearance of Calot’s triangle, the dissectable/cuttable layer should be traced as close to the GB and CD as possible
Tissue dissection and membrane cutting should be extended from the apparent side, not from the unknown side
Never use any sealing devices until CVS exposure
Calot’s triangle clearance in the overhead view
Hartmann’s pouch should be pulled laterally and inferiorly to open the anterior left side of Calot’s triangle
A wider angle between the CD and CHD is created
The anterior left side of Calot’s triangle is exposed and dissected
Calot’s triangle clearance in the view from underneath
The hepatorenal fossa is widely dilated, and Hartmann’s pouch is confirmed.
Superior and medial traction of the GB infundibulum or Hartmann’s pouch is performed
The S-like curve on Hartmann’s pouch, GB infundibulum, IC junction, and CD is confirmed
The IC junction is confirmed as an inverted V shape due to superior and medial traction of the GB
Dissection of posterior right side of Calot’s triangle in the rightward and upward view
Cutline of membrane is made to the GB body at a point adequately distant from Rouviere’s sulcus
The posterior right side of Calot’s triangle is exposed and dissected
The GB wall and fatty fissure of Rouviere’s sulcus should be uncoupled
Dissectable tissue around the GB should never be followed into Rouviere’s sulcus
Removal of half to two-thirds of GB body from the LB
Half to approximately two-thirds of the GB body is removed from the LB at the CVS exposure
Positive accomplishment of the CVS exposure
Only two cystic structures should be seen entering the GB
CD: Cystic duct; CHD: Common hepatic duct; CVS: Critical view of safety; GB: Gallbladder; IC: Infundibulum-cystic duct; LB: Liver bed; LC: Laparoscopic
cholecystectomy.

The flexibility of the laparoscopic view, an
adequately luminous source, and use of grasping
forceps with an increased grip force are even more
important in patients with cholecystitis who are not
undergoing elective treatment. The grasping force
of thin forceps is not high enough to grasp a swollen
GB body/fundus and edematous Hartmann’s pouch.
We routinely use a 10-mm flexible laparoscope to
obtain a sufficient light intensity and 5-mm forceps to
ensure enough grasping ability. The size and number
of stab wounds for the ports should never be easily
reduced; this will ensure safe and successful LC. We
usually place two 10-mm ports at the umbilicus and
upper midline and two 5-mm ports at the right lateral
abdomen. The surgeon should never hesitate to add
the ports during LC if needed. Additional stab wounds
are never invasive.
Although GB aspiration to prevent GB rupture
[27]
during LC is unnecessary during elective LC , we
have a clear impression that GB aspiration is effective
for LC in patients with cholecystitis. When the presence
of severe GB swelling makes it difficult to grasp the
wall and there is a possibility of compressing small
stones into the CBD during the surgical procedure,
GB decompression by aspiration of infected bile is
effective. In our institution, the GB is decompressed
at the fundus by aspiration without spillage (Figure
4E and F), and the aspiration hole is then promptly
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closed by extracorporeal ligation (Figure 4G and
H). The suction tip is securely placed in the GB to
[28]
prevent spilled stones and/or infected bile . We
usually choose extracorporeal ligation (Monocryl 3-0,
90 cm, violet, SH Plus, Y242H; Ethicon) because of
faster closure than with intracorporeal ligation. After
GB decompression by aspiration, the GB neck and/or
Hartmann’s pouch can be pulled from the dorsal space
(Figure 5A), and unexpected excursions of important
ducts and vessels are resolved.
LC for acute or chronic inflammation is accom
panied by technical difficulties in adamant dissection of
a dense scar, an obstructed surgical field by bleeding,
[12]
and hard fat around the portal vein . However,
until exposure of the CVS is ensured, sealing devices
should not be used because they can safely cut
everything under misidentification. Even in patients
with cholecystitis, safe LC is guaranteed when the
surgeon strictly adheres to the principles of meticulous
dissection and only positive identification of structures
[12]
is performed before divisions .
Vessels of the GB wall are well developed due to
inflammation, and even a subtle retraction of the GB
will cause easy bleeding. During GB removal from the
LB, hemostasis should be ensured by cauterizing or
sealing any developed vessels. If oozing is severe due
to inflammatory change, a button-shaped electrode
with suction used in conjunction with a soft-coagulation
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Figure 5 Tips and pitfalls of laparoscopic cholecystectomy. A: After GB decompression by aspiration, the GB neck and/or Hartmann’s pouch can be pulled
from the dorsal space. Hence, dissection can be performed as close to the GB as possible (red arrow) under adequate retractions (blue arrow); B: The rubbing of a
bleeding vessel or oozing tissue (dotted arrow) by a button-shaped electrode with suction with a soft-coagulation system is a key technique for reliable hemostasis.
During this hemostasis, subtle rotation of the electrode is important (red arrow); C: An elastic thread is never ligated directly; D: Clips are positioned to establish
angular separation; E: A clip should be applied with the tip extending beyond the duct or vessels (red arrow); F: If the CD is too thick, loop ligation or a laparoscopic
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system (VIO; Erbe, Tübingen, Germany) is an effective
tool for secure hemostasis (Figure 5B).
Lavage and drain placement are usually required,
although intraoperative decisions are dependent upon
the individual physician. Wound closure is performed
in the same manner as in an elective case except that
the fascia of ≥ 10-mm wounds is closed separately to
prevent the development of a postoperative hernia.

PATIENTS WITH RARE ANATOMY
When a rare anomaly and/or unfamiliar anatomy is
suspected upon examination of preoperative images,
the clinician should not hesitate to perform more
detailed studies. The CD rarely runs into the RHD,
and a left-sided GB (a portal malformation) has also
[29]
been documented . In the postoperative period
after an upper abdominal surgery such as distal
gastrectomy with Billroth I reconstruction, important
ducts and vessels are easily shifted. Drip-infusion
cholangiography and 3D imaging studies may be
performed if needed.
[13]
An aberrant RHD has been described
and re
[12]
portedly occurs at a frequency of 2% . An aberrant
RHD has also been highlighted in several biliary injury
[12]
reports , and this duct seems especially vulnerable
[13]
during LC . Thus, because the RHD has some
variations, recognition of Rouviere’s sulcus is very im
portant. The surgeon should not hesitate to perform
intraoperative cholangiography. The 10% detection
rate of a type A biliary injury during LC will improve
when the procedure is combined with a contrast agent
and dye. Usage of a contrast agent and dye may not
give an intrahepatic cholangiography. Identification
of Hjortsjo’s curve is an informative way to detect the
RHD.

UNEXPECTED THERMAL DAMAGE
Cautery-induced injury results in necrotizing loss of
[12]
ductal and/or perivascular tissues . Cautery, LCS,
and stronger devices may cause thermal necrosis of
[12,30]
adjacent structures
. Moreover, cautery and LCS
[31]
may cause delayed thermal injury . Stronger sealing
devices, such as the Thunderbeat (Olympus) and
EnSeal (Ethicon), may easily cause thermal spreading
and more delayed biliary complications than after
cautery or LCS.
In our institution, LC for whole-layer removal of
the GB with sampling of LN #12c is performed as an
intraoperative biopsy in patients suspected to have
GB malignancy. Severe oozing/bleeding at the LB
may occur during and/or after whole-layer removal.
To ensure hemostasis at the LB without injury to the
vessels and/or ducts, it is helpful to use a buttonshaped electrode with suction in conjunction with a
soft-coagulation system or a self-irrigating monopolar
electrode (IO advanced; Erbe).
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BILIARY INJURY DURING LC
A small diameter should never be used as the reason
for failure to recognize the CBD or CHD, although a
large-diameter duct with visible vessels on the surface
[13]
is possibly the CHD or CBD . Routine operative
cholangiography may be useful to avoid biliary in
[14-18]
[13]
jury
, although no clear evidence yet exists .
Intraoperative cholangiography is the best method
with which to detect misidentification of the CHD or
[12]
CBD as the CD ; notably, however, these structures
are frequently misinterpreted in the presence of
[12]
injury . We employ intraoperative cholangiography
with atoxic dye if needed; this use of dye may increase
the detection rate of biliary injury by cholangiography
during LC. Unexpected findings, such as visualization
of only the lower part of the CBD without filling of the
[13]
CHD, may necessitate conversion to OS .
Intraoperative recognition of “the second CD” or
“accessory duct,” which is actually the CHD, strongly
[12]
indicates inherent misidentification of the CD .
The RHA may also be injured if this misidentification
[12]
occurs . Hepatic arterial injury results in a higher
[32]
mortality rate , and brisk bleeding is an indication for
[12]
conversion to OS .
When injuries of the CHD/CBD are detected
during LC, transcystic C-tube placement is performed
if CHD/CBD drainage has a positive effect. In our
institution, an elastic thread is never ligated to avoid
overtightening of the C-tube, and clips are placed at an
angular separation to avoid slippage of the clips (Figure
5C and D). We perform an initial cholangiography
at postoperative day 4, and the C-tube is thereafter
removed based on the cholangiographic findings and
necessity of biliary drainage. Management of C-tube
drainage is simple, although Kehr’s T-tube drainage
[33,34]
requires drain placement over a 3-wk period
.
A flexible laparoscope provides an excellent
overhead view for anastomotic procedures involving
application of interrupted sutures to the CHD/CBD
or the performance of cholangiojejunostomy by
absorbable sutures (6-0 PDS II, violet; Ethicon).
Skillful surgeons consider that the persistence of PLS
even with additional ports is suitable for these biliary
repairs or reconstructions, if required during LC.

DISCUSSION
Surgeons should be proficient in a variety of dissec
tion techniques, such as pulling techniques, gentle
spreading with forceps, hook cautery, blunt dissection
with a nonactivated spatula cautery tip or suction
tube, temporal fixation by anchored pledgets, and
reliable hemostasis by rubbing a bleeding point using
a button-type pole with suction. Current laparoscopic
instruments are well developed, but each instrument
[35]
should be used in the correct manner . Various
devices are available, and surgeons should follow
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the manufacturers’ instructions to avoid any malfunc
tions. Surgeons must also continuously update their
[35]
knowledge of how to use these devices . To avoid
technical error, a clip should be applied with the tip
[12]
extending beyond the duct or vessels
(Figure 5E);
it should never be manipulated in the subsequent
[12]
dissection . If the CD is too thick, loop ligation or
[12]
a laparoscopic stapler can be chosen
(Figure 5F).
Additionally, to avoid technical error, bleeding should
never be controlled by blind application of clips and
[12]
cautery .
Cautery can be carefully used to dissect Calot’s
[12]
triangle . Some surgeons suggest not using it at all,
[12]
although some use it preferentially . We usually use
L-hook electrocautery; LCS and stronger devices are
never used until exposure of the CVS. L-hook elec
trocautery has the advantage of simultaneously cutting
and pulling the tissue from only one port using a safety
area in front of the cut tissue (L-hook electrocautery
technique). To ensure effective performance of the
L-hook electrocautery technique, it is important to
insinuate the hook through limited amounts of tissue,
lift that tissue off the underlying structures with precise
[12]
vision, and deploy a suitable current . The CD should
be cut sharply with scissors because cautery will lead
to thermal necrosis of the stump of the CD or adjacent
[12,30]
bile duct
. In patients with cirrhosis, LCS has some
[36]
advantages over electrocautery .
Complete clearance of Calot’s triangle requires
dissection of Calot’s triangle from both its dorsal
[12-14,20]
and ventral aspects
. A combination of blunt
dissection and the L-hook electrocautery technique
[12]
has broad utility in this approach . In the overhead
view, Hartmann’s pouch should be pulled laterally
and inferiorly to open the anterior left side of Calot’s
triangle and create a wider angle between the CD and
[12,13,20]
CHD
; this is because minimization of alignment of
the CD and CHD is important to prevent a tenting injury
[12]
due to a parallel junction of the CD with the CHD . The
posterior right side of Calot’s triangle is exposed and
dissected while applying superior and medial traction
[13,21]
to the GB infundibulum or Hartmann’s pouch
. For
this approach, the laparoscope view from underneath
is important. The GB should be traced down to the
presumed point of the IC junction, and dissection begins
[13]
from this point, not from the middle of the CD .
LC involves retrograde dissection of the GB from
the surrounding tissues; thus, misidentification may
be catastrophic. The dissection plane should always
[13,14]
be traced on the GB or CD
. Tissue dissection
and membrane cutting should be extended from the
apparent side of the correct layer and not from the
unknown side.
We consider that drains should be automatically
placed in patients with inflammation, although
intraoperative decisions are based on the individual
physician. A drain pathway through the abdominal
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wall is remade from the same skin incision to prevent
postoperative dislocation (Figure 5G). Very shortterm placement of a closed drain from a stab wound is
not invasive and does not place the patient at risk for
retrograde infection.
Unfortunately, the rate of biliary injury has not
[37]
decreased , and the annual hospital volume does
[38]
not affect the risk . Biliary injuries occur at a
[39,40]
rate of about 1 in 200 patients
. Perioperative
complications are frequent, and nearly all can be
[41]
managed nonoperatively . However, about 1 in 500
[42]
patients requires surgical biliary reconstruction .
Disease severity and the presence of a rare anatomy
[19,24-26]
are very important risk factors
. In particular,
biliary injuries accompanied by hilar duct inju
ries, vessel injuries, and peritonitis result in poor
[32,43,44]
outcomes
.
Many surgeons have focused the cause, prevention,
and treatment of biliary injuries such as ductal
laceration, bile leakage, and aberrant duct injury
[6,12,13,45]
during LC
because a slightly higher incidence
[6]
of biliary injury during LC has been documented .
Surprisingly, biliary injuries occur for surgeons who
[12]
have gone beyond the learning curve . From the
viewpoint of human factors, biliary injuries are
principally caused by misperception and not by lack
[46]
of skill, inadequate knowledge, or misjudgment .
Moreover, ample rest with relaxation reduces biliary
[47]
complications . Successful repair of biliary injuries
[41,43,48]
can be achieved in specialized HBP units
.
[13]
[49]
Strasberg et al and Bismuth created a detailed
classification of biliary injuries based on traditional
major injuries. Injuries that do not involve major ducts
[12]
are the least serious . Such injuries are categorized
as type A in Strasberg’s classification system and
[13]
occur at a frequency of 5% of all injuries . Injuries of
vessels and/or ducts in the LB occur when unavoidable
dissection is too deep due to the presence of inflam
[12]
matory change or an intrahepatic GB . Cauteryinduced and/or thermal surficial injuries of segment 4/5
may easily occur, especially during hemostasis of the
LB. Hemostasis by thermal spread at the LB will cause
[12]
type A biliary injury (5%) . Approximately 10% of
[12]
type A injuries are identified during LC , although
most biliary injuries are diagnosed during the first
[13]
week after LC . Delayed detection of biliary injuries is
[24]
associated with greater severity of such injuries . For
successful management of postoperatively detected
biliary complications, invasive or operative therapies
[13,48,50,51]
should be avoided as much as possible
.
Misidentification is the result of failure to conclusively
[13]
identify the cystic structures before clipping , and
potentially disastrous errors will occur during LC based
on an assumption. Intraoperative cholangiography
and exposure of the biliary confluence are not
[13]
essentially important to avoid biliary injury , although
performance of intraoperative cholangiography and
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adequate rest of surgeons may decrease the injury
[14,15]
rate
.
Classic biliary injury usually involves misidentification
[19]
of the CHD/CBD as the CD . Strasberg’s “infundibular
technique” might be a contributing factor in the
[19]
development of this injury . The CD may be hidden
in some patients, especially in the presence of
[19]
inflammation . Hidden CD syndrome may lead to
the deceptive appearance of a false infundibulum that
misleads the surgeon into identifying the CHD/CBD
[19]
as the CD . Biliary injury is more likely when CD
identification relies solely on the appearance of the
IC junction, and Strasberg’s “infundibular technique”
[19]
should be abandoned . This technique identifies
the CD as the funnel-like junction of the GB and
[12]
CD . This technique is now falling out of favor and
should be used only in combination with confirmatory
[12]
cholangiography because of the difficulty in retracting
[12]
the GB or large stones .
Biliary injury may be accompanied by vascular
injuries. Hepatic arterial injuries may involve the
RHA or proper hepatic artery, resulting in a higher
[12,32]
mortality rate
. Portal injury and thrombosis are
rare, although portal venous complications may
[12]
result in disastrous adverse events . Vascular injury
can cause hepatic necrosis with biliary leakage and
may require salvage liver resection and even liver
[12]
transplantation . Biliary injuries of the CHD or hilar
duct, vascular injuries, and biliary peritonitis are
associated with a higher mortality rate and result
[12,32,43,44]
in poor outcomes
. If informed consent is
thoughtlessly obtained, patients undergoing LC and
their family will assume that LC is easy and lacks
complications. Insufficient patient education becomes
a genesis of complaints. Iatrogenic biliary injury during
LC is associated with major morbidity and high rates
[48]
of litigation claims . The quality of life in patients who
undergo biliary reconstruction for iatrogenic injuries
[52]
during LC is fair to good , and the detrimental
effect of iatrogenic biliary injury on survival can be
prevented if a multidisciplinary team comprising
gastroenterologists, radiologists, and skillful HBP
[41,48]
surgeons treats this injury together
.
Although LC usually requires no epidural anes
thesia, local anesthesia at the stab wound sites may
[53]
be effective . Because deep venous thrombosis may
readily develop during the perioperative period of
[54]
laparoscopic surgery , optimal thromboprophylaxis
in surgical patients must consider the risks of deep
[55]
venous thrombosis and bleeding complications .
According to the risk assessment performed in each
[55]
case , prophylaxis for deep venous thrombosis is
routinely performed not with unfractionated heparin
but with low-molecular-weight heparin, such as
enoxaparin sodium (Clexane; Kaken Pharmaceutical,
[56]
Tokyo, Japan) .
The surgeon’s assumption is a major cause of
misidentification, and operators may affect and
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mislead each other. The casual viewpoint of a detached
observer may be an actual solution, and this bystander
surgeon can monitor and advise the primary surgeons
during all procedures (Figure 5H). Will an intra-ope
rative cholangiography prevent biliary injury during
[57-62]
LC? This point is discussed, enough, already
.
Although single-incision laparoscopic surgery has
[63,64]
been introduced for LC
, we consider that this
[65]
surgery increases the risk to the patient . On the other
hand, robotic-assisted surgery for cholecystectomy
[66,67]
has been documented
. Scarless surgery (i.e.,
[68]
natural-orifice translumenal endoscopic surgery )
has also been reported, and the GB is extracted by
[69]
[70]
[71]
the transvaginal , transgastric , and transcolonic
routes. Each country has its own health insurance
system. The Japanese government employs a universal
health insurance system. Therefore, novel surgical
procedures in Japan are not authorized until they
receive a listing in the health insurance system by
the governmental council. However, these advanced
surgeries seem to have some potential benefits.
We have no cases with OS conversion or with
biliary injury, if this protocol was followed. In the pre
sent study, we only evaluated patients undergoing
emergency treatment for acute cholecystitis without
extended necrosis, liver cirrhosis, or other diseases.
We investigated four factors in these patients: (1)
operative time; (2) intraoperative blood loss; (3) time
to adequate postoperative meal intake and ambulation;
and (4) postoperative hospital stay. The LC and OS
groups comprised 30 patients each. There were
significant differences between the LC and OS groups
not in blood loss (54.7 ± 82.5 mL vs 77.2 ± 82.0
mL, respectively, P = 0.2924), but in operative time
(80.3 ± 31.9 min vs 113.5 ± 34.8 min, respectively,
P = 0.0003), time to adequate postoperative meal
intake and ambulation (1.6 ± 0.8 d vs 3.1 ± 1.6 d,
respectively, P < 0.0001), and postoperative hospital
stay (4.5 ± 2.1 d vs 10.0 ± 4.1 d, respectively, P <
0.0001) (Figure 6). Disease severity and the presence
of a rare anatomy are documented risk factors for
[19,24-26]
unsuccessful LC
. However, even in emergency
cases involving patients with acute cholecystitis, our
own data clearly demonstrate that LC is advantageous
for patients who should undergo cholecystectomy. In
order to shorten postoperative durations to enough
meal intake and sufficient ambulation, intensive
intervention even from preoperative period by both
rehab counselors and physical therapists are so
[72-74]
crucial
.

CONCLUSION
The nightmare episode of the television drama
Grey’s Anatomy features a relatively confident
surgeon who injures the CBD and hepatic artery, and
this may alarm viewers. However, the story in this
television episode is realistic from the viewpoint of
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Figure 6 Tips and pitfalls of laparoscopic cholecystectomy. A: Operative time; B: Intraoperative blood loss; C: Postoperative time to adequate meal intake and
ambulation; D: Postoperative hospital stay after surgery were compared between LC and OS among patients undergoing emergency treatment for acute cholecystitis.
There were significant differences not in blood loss but in operative time, postoperative duration until adequate meal intake and ambulation, and postoperative hospital
stay (aP < 0.05). NS: Not significant; LC: Laparoscopic cholecystectomy.

all real surgeons, because every surgeon may make
potentially disastrous errors based on their own
assumptions during LC. We believe that compliance
with the herein-described protocol for LC can
greatly increase the chance of successful LC. When
performing cholecystectomy, surgeons should not
choose OS as the first-line procedure and should
thoughtfully consider LC. Safe LC comes first even in
difficult cases. We hope that our LC protocol realizes
the benefits to which all patients are entitled.
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Abstract
The role of fecal microbial transplant (FMT) in the
treatment of pediatric gastrointestinal disease has be
come increasingly popular among pediatric practitioners,
patients, and parents. The success of FMT for the
treatment of recurrent Clostridium difficile infection (RCDI)
has bolstered interest in its potential application to other
disease states, such as inflammatory bowel disease
(IBD). FMT has particular interest in pediatrics, given the
concerns of patients and parents about rates of adverse
events with existing therapeutic options, and the greater
cumulative medication burden associated with childhoodonset disease. Published literature on the use of FMT in
pediatrics is sparse. Only 45 pediatric patients treated
for RCDI have been reported, and only 27 pediatric
patients with pediatric IBD. The pediatric microbiome
may uniquely respond to microbial-based therapies. This
review will provide a comprehensive overview of fecal
microbial transplant and its potential role in the treatment
of pediatric inflammatory bowel disease. We will discuss
the microbiome in pediatric inflammatory bowel disease,
existing adult and pediatric literature on the use of FMT in
IBD treatment, and pediatric FMT trials that are currently
recruiting patients. This review will also discuss features
of the microbiome that may be associated with host
response in fecal transplant, and potential challenges
and opportunities for the future of FMT in pediatric IBD
treatment.
Key words: Inflammatory bowel disease; Microbiome;
Microbiota; fecal microbial transplant; Pediatric; Crohn’s
disease; Ulcerative colitis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: There is growing interest in fecal microbial
transplant (FMT) for the treatment of pediatric
inflammatory bowel disease (IBD). The therapeutic
potential of bacterial therapies is intriguing. FMT is
effective for treating recurrent Clostridium difficile
infection, distinct microbial signatures in IBD continue
to be described, and patients are increasingly looking
for therapeutic options with lower rates of morbidity.
This review describes existing adult and pediatric
literature on the role of FMT in IBD, features of the
IBD microbiome that may be associated with res
ponse, current trials, and the potential challenges and
opportunities for the future of FMT in pediatric IBD
treatment.
Wang AY, Popov J, Pai N. Fecal microbial transplant for the
treatment of pediatric inflammatory bowel disease. World J
Gastroenterol 2016; 22(47): 10304-10315 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i47/10304.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i47.10304

INTRODUCTION
Fecal microbial transplant (FMT) has garnered in
creasing attention over the past decade for its role
in the treatment of recurrent Clostridium difficile
(C. difficile) infection (RCDI). While underlying
mechanisms for how the inoculation of whole stool
contents from healthy donors may prevent recurrent
pseudomembranous colitis remain unknown, several
[1]
hypotheses exist . Advances in sequencing and
bioinformatics technologies, international collaborations
like the Human Genome Project, and seminal findings
from multicenter cohort studies, have increased our
understanding of the importance of microbial diversity
and “dysbiosis” in health and disease. Scientific
interest in FMT has been paralleled by interest from
the general public. The notion of “natural,” medicationfree treatment options are enticing to patients. This
interest has been accompanied by many questions,
particularly regarding the use of FMT for other
diseases that are characterized by disturbances in the
microbiome.
A recently proposed use of FMT is for the treatment
of inflammatory bowel disease (IBD). IBD is a chronic
autoimmune gastrointestinal disorder that has been
associated with disease-specific microbial signatures
in the host. Several investigators have characterized
specific alterations of the gut microbiota in ulcerative
colitis (UC) and Crohn’s disease (CD), compared to
[2,3]
healthy controls
. Patients with active IBD may
have a relative depletion in anaerobic microbes,
such as Bacteroides vulgatus, Lachnospiraceae (p:
Firmicutes), and an increase in Proteobacteria and
[4,5]
Bacillus (p: Firmicutes) . These microbial signatures
of IBD have led to several hypotheses about the
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protective, and pathological roles of different resident
[5]
intestinal bacterial species. Conte et al have sug
gested that B. vulgatus may have a protective role
against colitis, downregulating inflammation. Other
studies have suggested that dysbiosis in IBD leads to
decreased production of key short-chain fatty acids,
such as butyric acid metabolized by Faecalibacterium
prausnitzii. Directly, butyric acid and other shortchain fatty acids are key substrates absorbed by
colonocytes, and indirectly, butyrate may inhibit
inflammatory processes in the intestinal mucosa
[6,7]
by suppressing cytokines, like interleukin-8
.
These studies have attempted to define canonical
“intestinal-microbial-immune axes,” supporting the
hypothesis that IBD may occur secondary to an
altered microbiome in a genetically, immunologically
[4,8]
susceptible host
. This constant host-microbial
cross-talk may thus be altered by the introduction
of key bacterial species that are otherwise absent,
or decreased as a consequence of active mucosal
inflammation, in the IBD gut. While FMT would not
provide targeted, species-specific inoculations, whole
stool transplant would theoretically introduce a broad
range of bacteria, including those that are theoretically
“favorable” to the host.
Pediatric IBD, and the pediatric microbiome,
have several unique features that suggest microbialbased therapies could be particularly effective. Crohn’s
disease and ulcerative colitis typically have a much more
aggressive course in the pediatric age group, sugges
ting that the pediatric IBD phenotype may have a
pathophysiology that is distinct from adult-onset IBD.
In pediatric IBD, the early age of onset makes the
cumulative burden of medications, nutritional impairment,
and surgery greater. Several standard IBD medication
therapies have unique, age-specific toxicities in children.
The overlap of pediatric chronic disease with critical
periods of growth, bone accretion, and psychosocial
development can make disease exacerbations dispro
portionately affect a child’s long-term outcome. The
pediatric microbiome itself has key differences. The
shorter latency of disease may offer a unique window to
reverse an underlying state of “dysbiosis”. The pediatric
microbiome may be more malleable than a fully defined
adult microbiome, and the relatively immature immune
[9]
system of children may be more influenced by FMT .
Given these differences, it is important to describe
the unique role of FMT in pediatric IBD. This review
will briefly summarize proposed clinical applications
for FMT, current literature supporting its use in adult
and pediatric IBD, and the potential challenges and
opportunities of FMT in the pediatric IBD population.

HISTORY OF FECAL MICROBIAL
TRANSPLANT
th

The use of FMT was first described in 4 century
Chinese medical literature for the treatment of food
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Table 2 Published pediatric fecal microbial transplant studies for
recurrent Clostridium difficile infection

Table 1 Rates of clinical response after fecal microbial
transplant for recurrent Clostridium difficile infection by fecal
microbial transplant method

n

FMT route

Hourigan et al[22], 2015 6-17
Kronman et al[55], 2015 6-17
Wang et al[58], 2015
1
Kelly et al[10], 2014
6-16

8
10
1
5

Colonoscopy
NG
NJ
Not specified

Pierog et al[56], 2014
Russell et al[57], 2014

1-21
1-21

6
10

Walia et al[59], 2014
Rubin et al[60], 2013

1-2
6-8

2
2

Kahn et al[44], 2012

1

1

Ref
FMT method

Upper gastrointestinal tract
(Nasogastric/nasoduodenal/
nasojejunal) tube
Enema
Colonoscopy
Upper gastrointestinal tract +
colonoscopy

Resolution of
symptoms

Studies/total
patients
analyzed

77%

7/187

86%
90%
100%

6/264
11/257
1/27

AGE
(yr)

Adapted from Drekonja et al[17] 2015. FMT: Fecal microbial transplant.

[10]

poisoning and severe diarrhea . Reports from World
War II described German soldiers of the Afrika Korps
consuming fresh, warm camel feces for the treatment
[11]
of bacterial dysentery . The application of FMT has
also been extrapolated to ruminant animals since the
th
18 century, with rumen transfaunation being used
to repopulate microbial changes in ruminant animals
[12]
after surgery .
FMT was first officially used for the treatment of
gastrointestinal disease in 1958, when fecal enemas
were used as an adjunct to treat C. difficile-induced
[13]
pseudomembranous enterocolitis . FMT continues
to be best-described for the treatment of recurrent
C. difficile infection, and most literature has focused
on techniques and protocols to optimize its use for
this indication. Several murine models have described
reproducible changes in obesity, non-alcoholic fatty
liver disease, primary sclerosing cholangitis, metabolic
syndrome, and neuropsychiatric pathology with fecal
[14,15]
microbial transplant
. These alternative indications
have been best described in animal studies, but have
offered some understanding of the dynamics of hostmicrobial cross-talk - both before, and after FMT.

FMT FOR THE TREATMENT OF
RECURRENT CLOSTRIDIUM DIFFICILE
INFECTION
In 1958, a small case series described FMT as an
effective therapy for RCDI. 25 years passed before
[16]
another publication described its use . Currently, 3
randomized controlled trials, 4 prospective case series,
and 27 retrospective case series have been reported,
consistently demonstrating that FMT is more effective
for the treatment of RCDI than antibiotics in adults.
Summary data from these studies have reported
between 77%-100% resolution of symptoms without
[17]
recurrence, depending on route of administration
(Table 1). A systematic review of 11 RCDI studies
showed a cumulative clinical symptom resolution rate
of 89.7% (245/273). The greatest clinical response
was reported in patients treated via the lower
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Response rate

100%
90%
100%
89%
(whole series)
Colonoscopy
100%
NG (2); Colonoscopy
90%
(8)
Colonoscopy
100%
NG (64); EGD
50%
(7); Gastrostomy
(previously placed) (4)
Colonoscopy
100%

Adapted from Hourigan et al[61], 2016. NG: Nasogastric; NJ: Nasojejunal;
EGD: Esophagogastroduodenoscopy; FMT: Fecal microbial transplant.

gastrointestinal tract (colonoscopy, and/or retention
[18]
enema) .
[19]
A 2014 retrospective review by Lee et al assessed
94 patients treated for RCDI from 2008-2012. There
was a 92% resolution in clinical symptoms in patients
who received a combination of FMT and antibiotic
therapy, no patients experienced another episode of
C. difficile infection throughout their 2-year follow-up
period, and there were no reported adverse effects of
FMT.
In contrast, conventional C. difficile antibiotic
therapy, consisting of oral metronidazole and van
comycin, has symptom recurrence rates between
[20]
15%-25% respectively, and ≥ 50% in the elderly .
There have been no randomized controlled trials
of FMT for pediatric RCDI. This is partly due to the
significantly lower incidence of C. difficile colitis in
[21]
the pediatric age group . However, small case
series have shown similar treatment success of FMT
in pediatric RCDI as adults, with rates of remission
[22]
between 89%-100% in children (Table 2).

FMT PREPARATION AND
ADMINISTRATION TECHNIQUES
A potential mechanism for the observed benefits
of FMT in the treatment of IBD is its colonization
[23]
of the recipient’s intestine with donor flora . In
RCDI, several studies have compared the microbiota
composition pre- and post-FMT and have shown that
fecal bacterial composition of the recipient was highly
similar to that of the donor and was accompanied by
[24,25]
resolution of symptoms
. In a small pilot study
of FMT in adult IBD patients, previously undetected
donor bacteria were detected in patients during and
after FMT. However, the relative abundance of these
bacteria, and persistence of these changes, was highly
[26]
variable between patients and generally transient .

10306

December 21, 2016|Volume 22|Issue 47|

Wang AY et al . Fecal transplant in pediatric colitis
Table 3 Rates of resolution of recurrent Clostridium difficile infection using fresh vs frozen fecal microbial transplant
Ref.
[28]

Hamilton et al , 2012
Petrof et al[29], 2013
Lee et al[27], 2016

Fresh, n

Frozen, n

Fresh FMT resolution rate

Frozen/prepared FMT resolution rate

12

21

1

2

87 (PP)
111 (mITT)

91 (PP)
108 (mITT)

19/21
90.5%
N/A
100%
74/87, 85.1% (PP)
78/111, 70.3% (mITT)

11/12
91.6%
100%
100%
76/91, 83.5% (PP)
81/108, 75.0% (mITT)

PP: Per-protocol (patients received ≤ 2 same-modality FMT treatments with no Clostridium difficile infection (CDI) antibiotics administered between
treatments, and no systemic antibiotics administered throughout study period; mITT: Modified intention-to-treat protocol (randomized patients; (1)
received ≥ 1 same-modality FMT treatment but required antibiotics for CDI between administrations; (2) received different modality FMT treatments and
did not complete follow-up period; or (3) required systemic antibiotic therapy for other infections throughout study protocol).

Change in clinical symptoms did not correlate with
timing of when the host’s microbiome reverted back to
resemble their pre-FMT state.
Given the unclear mechanism of action of FMT in
IBD, the most effective method of preparation and
administration of FMT continues to be investigated.
In particular, the efficacy of FMT therapy using frozen
samples in place of fresh fecal samples has been
a topic of significant interest, both for its scientific
merit, and to enhance the practicality of FMT in the
clinical context. Preparation of fresh fecal matter
poses significant challenges in terms of identifying
appropriate donors, correlating the timing of donor
sample collection and patient administration,
processing samples on a case-by-case basis, short
shelf-life, and repeat screening of donors, thereby
making the process unpredictable, time-consuming,
costly, and limited to clinics specifically equipped for
[27]
the preparation of FMT product . Several studies
have compared rates of clinical resolution in RCDI
patients treated with fresh vs frozen FMT, and synthetic
stool substitutes and revealed no significant difference
in patient improvement of symptoms or risk of
adverse events. A 2012 study performed by Hamilton
[28]
et al
demonstrated a 92% resolution rate in RCDI
via fresh material in comparison to 90% resolution
in the frozen preparation. A more recent study
[27]
conducted by Lee et al
in 2016 compared response
rates of RCDI patients treated with fresh vs frozen
enemas, and broken down into two patient groups,
those treated only with FMT (per-protocol) and those
treated with concurrent antibiotics (modified intentionto-treat). Clinical resolution was achieved in 85.1%
in fresh vs 83.5% in the frozen per-protocol FMT
group, and 70.3% in the fresh vs 75.0% in the frozen
modified intention-to-treat FMT group. These findings
demonstrate that frozen FMT are equally effective
in treating RCDI, and further, the potential to freeze
collected donor samples enables lengthy screening
processes to take place prior to administration. This
may enhance FMT product standardization, and further
reduce the risks of pathogen transmission between
[27]
donor and recipient .
In 2013, a synthetic microbial microbial substitute

WJG|www.wjgnet.com

described, consisting of 33 individually cultured
isolates from a healthy donor using predefined
[29]
ratios . The solution was administered within a
24-h period via colonoscopy. Two patients with RCDI
received RePOOPulate, with both resuming normal
bowel habits and remaining symptom-free for 6 mo.
Followup microbiome analyses demonstrated that
both patients’ microbiota maintained similarity to the
RePOOPulate mixture up to 6 mo after the transplant,
suggesting that some of the bacterial isolates in the
treatment were stably colonizing the colon, in contrast
to the temporary colonization often observed with
[29]
commercial probiotics (Table 3).
Despite a lack of statistical significance between
fresh or frozen samples, a challenge still remains: thus
far, a standardized mode of stool preparation has not
been determined. The principle of FMT preparation
remains the same, however there are major diffe
rences in method of stool mixing and concentration of
[28]
fecal matter. The study by Hamilton et al
blended
50 g of stool in a commercial blender, diluted the
mixture with bacteriostatic saline to 250 mL, and
passed the mixture through a series of decreasing
sieves to selectively filter out undigested food particles
[27]
down to 0.25 mm. In contrast, Lee et al
used 100
g of fecal sample, manually emulsified the sample
with a wooden spatula and drinking water to 300
mL, and filtered the mixture by gauze. Furthermore,
[27]
Lee et al
administrated a final volume of 50 mL,
[28]
in comparison to Hamilton et al
administration of
approximately 250 mL. These differences in protocol
including method of stool blending, final concentration
of fecal matter, and volume delivered may have an
important influence on the therapeutic results and
patient response. Further research must be conducted
in order to determine the most effective, standardized
mode of frozen sample preparation.
In addition to a variety of methods of FMT pre
paration, several methods of FMT administration
have been reported, including via nasogastric tube
(NGT), nasojejunal tube (NJT), colonoscopy, enema,
and orally ingested microbial capsules. Each route
bypasses, and targets different areas of the small
and large bowel. Rectal enemas deliver fecal product
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Table 4 Published pediatric fecal microbial transplant case series for inflammatory bowel disease
AGE (yr)

Diagnosis, n

Kunde et al[32], 2013

7-21

9, UC

Kellermayer et al[33], 2015

14-16

3, UC

Suskind et al[34], 2015

12-19

9, CD

Suskind et al[35], 2015

13-16

4, UC

Ref.

FMT protocol

Clinical response
criteria

Serial enemas for Decrease in PUCAI by
5d
> 15 points after FMT
Serial enemas and
PUCAI < 35
colonoscopy over
6-12 wk
Single FMT
via NGT
Single FMT
via NGT

PCDAI < 10
PUCAI < 10

Response rate (%)
7/9 clinical response at 1 wk (78)
6/9 maintained response at 4 wk (67)
3/3 endoscopic remission at 2 wk (100)
3/3 histologic remission at 2 wk (100)
3/3 clinical response at 4 wk (100)
3/3 withdrawal of all immunotherapy at 15 wk (100)
7/9 clinical response at 2 wk (78)
5/9 maintained response at 6, and 12 wk (56)
No clinical response (0)
No laboratory benefit

FMT: Fecal microbial transplant; PCDAI: Pediatric Crohn’s Disease Activity Index; NGT: Nasogastric tube.

largely to the rectum and left colon, while colonoscopic
[30]
administration may coat the entire colon . In con
trast, orally ingested capsules, NGT, and NJT FMT
delivery may preferentially affect the proximal and mid
small bowel.
There are several potential drawbacks of upper
gastrointestinal tract FMT administration. Bacterial
metabolites (such as short chain fatty acids) may
be broken down in the small intestine, before being
delivered to the colonocytes where they have greater
impact. Bacteria in the upper gastrointestinal tract may
be partially degraded by gastric acid. These factors
may underlie the greater rates of effectiveness found
[31]
with lower gastrointestinal tract administration .

FECAL MICROBIAL TRANSPLANT FOR
PEDIATRIC INFLAMMATORY BOWEL
DISEASE
Four case series have been published for the treatment
of pediatric UC and CD using FMT (Table 4). Protocols
varied between all studies, and three main routes
[32]
of administration were used: serial enemas ,
serial enemas with supplementary colonoscopic
[33]
[34,35]
administration , and nasogastric tube (NGT)
.
The first published study, involved five enemas
administered daily to 9 UC patients, ages 7-21.
Outcomes included clinical improvement from baseline
using PUCAI (Pediatric Ulcerative Colitis Activity Index)
scores, at one-week, and one-month post-treatment.
6/9 patients maintained clinical response at their one[32]
month follow-up assessment .
In 2015, two case series of FMT for CD and UC
[34,35]
patients were published
. A single FMT infusion
was administered via NGT to 4 UC, and 9 CD patients.
No clinical response was seen in UC through NGT
administration. In contrast, remission was induced in
7/9 CD patients within 2-wk post-treatment, with 5/9
[34,35]
maintaining remission at week 6 and week 12
.
The most recent pediatric case series from 2015
included a cohort of pediatric UC patients treated
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with oral 5-ASA monotherapy, who received a
combination of serial FMT enemas and colonoscopic
infusions. 3 patients were included; 100% went
into clinical remission at week 2, sustained clinical
remission at week 4, and had complete withdrawal
[33]
of immunotherapy at time of publication . Within
the limitations of this small case series, there was a
correlation between the number of FMT administrations,
and the duration of remission.
The pediatric literature for FMT remains limited,
and conclusions are difficult to draw off such small
sample sizes. Yet these studies illustrate several key
observations. Fifty percent of the failed responses
in CD patients treated with NGT was attributed to
patients with strictly colonic Crohn’s disease. Therefore,
tailoring modes of FMT delivery to individual patients’
disease location and targeting specific “hot spots” may
influence patient response rates. This is akin to the
application of topical therapies (5-ASA, corticosteroid
enemas) to patients with primarily left-sided disease
in ulcerative colitis. This suggests that targeting FMT
based solely on disease classification may not be
applicable in all instances. This may also reflect the
relative degradation of microbial material from gastric
acid exposure during proximal upper gastrointestinal
[35]
tract delivery techniques . Further studies clarifying
the impact of gastric acid suppression on FMT may
further delineate this.
These studies also demonstrated that UC is best
treated by targeting the colon directly with direct,
per rectal therapy. The strongest response occurred
in patients with colonoscopic FMT administration,
potentially as a result of inoculating a larger colonic
surface area. The translation of this practice to the
clinical setting is challenging in most pediatric centers
where general anesthesia is required for colonoscopy.
This is particularly challenging if multiple FMT admi
nistrations are required to maximize efficacy.
Lastly, these studies suggest that serial treatment
may be required to achieve an appreciable response in
IBD patients, in contrast to single, or short-course, FMT
administrations in the treatment of RCDI. This may
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Table 5 Study characteristics and outcomes of published adult cohort studies of fecal microbial transplant for inflammatory bowel disease
Ref.
Wang et al[62], 2014
Kump et al[49], 2013

Wei et al[63], 2015
Angelberger et al[26], 2013

Scaldaferri et al[64], 2015

Ren et al[65], 2015
Cui et al[50], 2015
Damman et al[66], 2015

Borody et al[23], 2012

Kump et al[49], 2013

Landy et al[67], 2013

Clinical outcome

Follow-up

Clinical remission (1/2: 1 mo, 3 mo);
Clinical response (2/2: 1 wk)
Clinical remission (0/6: 90 d);
Clinical response (6/6: 2 wk; 4/6: stool frequency increased: 30 d; 2/6 sustained improvement: 90 d);
Total colectomy (1/6), total proctocolectomy (2/6)
Mayo score: decreased from 5.80 ± 1.87 to 1.50 ± 1.35 (P < 0.01)
Clinical remission (0/5: 12 wk);
Clinical response (1/5: 12 wk);
Further deterioration (2/5: 4 wk)
Clinical remission (2/8: 2 wk; 2/8: 6 wk; 3/8: 12 wk);
Clinical response (2/8: 2 wk; 4/8: 6 wk; 4/8: 12 wk);
Endoscopic response (2/6)
Mayo score: 11 patients achieved reduction of score
Clinical improvement and steroid-free remission: 8/14;
Long-term remission: 4/14
Clinical remission (1/6: 4 wk; 0/6: 3 mo);
Worsening symptoms (6/6: 3 mo);
Histology score improvement (5/6: 4 wk)
Complete clinical remission: 42/62;
Partial response: 15/62; Failure: 5/62;
Normalization of mucosa: 8/21
Mayo score decrease > 3 points (5/9: 90 d);
Sustained mucosal healing: 1/9;
Failure to sustain clinical improvement: 4/9
Clinical remission: 0/8;
Improvement in Cleveland Global Quality of Life score: 0/8

3 mo
3 mo

1 mo
3 mo

3 mo

1-7 mo
3-18 mo
Not reported

3 mo

1 mo

1 mo

Adapted from Shi et al[48], 2016.

reflect the chronic nature of IBD, vs the acute changes
that characterize secondary, infectious illnesses like C.
difficile colitis.
Despite promising results, major drawbacks to
these four pediatric studies include small sample sizes
and their open label study design. Studies of clinical
response demand a blinded study protocol, particularly
given that many patients who enrol in FMT studies
are a self-selected group, who already believe in the
therapeutic value of “natural” treatments. Further,
inflammatory bowel disease has well-described
associations between clinical symptoms, mucosal
disease activity and underlying stressors; thus, patient
bias may have a significant influence on self-reported
PUCAI/PCDAI (Pediatric Crohn’s Disease Activity
Index) scores when measuring clinical response. In
addition, it is also important to note that success of
FMT for IBD reflected in the aforementioned studies
may reflect a propensity for studies with positive
results to be published and unreported, unsuccessful
studies may exist.
Two single-center pediatric case reports have
been recently published showing marked clinical
improvement in two patients with severe colitis. A
2015 case report describes a 4-month old female
presenting with an early-onset colitis with UC-like
[36]
phenotype . The patient was refractory to treatment
with azathioprine and corticosteroids, and did not
respond to further treatment with probiotics, a trial
of amino-acid based formula, or infliximab. 2 serial

WJG|www.wjgnet.com

FMT infusions with anonymous donor stool were
administered via colonoscope, and a subsequent 5
infusions via nasoduodenal tube. These interventions
led to clinical improvement, and complete resolution of
[36]
histopathologic changes 6-mo post FMT . A recent,
2016 case report describes an 11-year old female with
corticosteroid-dependent UC who was unresponsive to
[37]
treatment with 5-aminosalicylic acid and tacrolimus .
An initial FMT using her father’s donor stool was
performed via colonoscopy, and subsequent daily FMTs
via fecal retention enema over the next 4 d, followed
by 11 additional FMTs via retention enema every 2
to 4 wk over 10 mo. The patient has remained in
clinical remission at 40 wk post final FMT, and showed
[37]
complete endoscopic healing .

FECAL MICROBIAL TRANSPLANT
FOR ADULT INFLAMMATORY BOWEL
DISEASE
Several retrospective and prospective case series
have reported their experience of FMT in adult IBD. A
hundred twenty seven IBD patients (15 cohort studies,
and 8 case studies) have received FMT through
clinical trials. Inclusion criteria and FMT administration
protocols have varied across these studies making
aggregate statistical data imprecise. However,
between these 15 cohort studies, the pooled estimate
of patients achieving clinical response was 66.1%
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Table 6 Study characteristics and outcomes of published randomized controlled trials of fecal microbial transplant for inflammatory
bowel disease
Moayyedi et al (2015)

Rossen et al (2015)

75 (38/37)
Adult patients; Mild-moderate UC
50 mL enema (8 g healthy donor stool)
Administered weekly × 6 wk
Normal saline
Yes, stable doses ≥ 12 wk

48 (23/25)
Adult patients; Mild-moderate UC
500 mL nasoduodenal infusion (120 g healthy donor stool)
Administered at week 0, 3
Autologous FMT (patient’s stool)
No

Clinical remission (partial Mayo endoscopic score < 3 and
Mayo endo score = 0) at week 7
Clinical response (reduction in full Mayo score ≥ 3)
9/38 (24%) treated with FMT vs 2/37 (5%) controls (P = 0.03)

Remission (SCCAI ≤ 2 + ≥ 1pt reduction in Mayo endoscopic
score) at week 12

Group
n (active/placebo)
Population
Active arm
Control arm
Inclusion of patients
on Biologics
Primary outcome

Results

7/23 (30%) treated with FMT vs 5/25 (20%) controls (P = 0.51)

Adapted from Grinspan et al[40] 2015. SCCAI: Simplified Clinical Colitis Activity Index.

(95%CI: 43.7%-83.0%) (Table 5).
The strongest evidence for FMT in IBD comes from
two recent randomized controlled trials (RCT) of FMT for
[38,39]
adult UC, both published in 2015
. The studies had
several protocol differences, and produced disparate
[38]
results. Moayyedi et al
demonstrated higher rates
of UC remission in patients receiving FMT enema
vs normal saline placebo enema. Nine out of 38 UC
patients achieved remission (at week 7 a Mayo score
≤ 2, endoscopic Mayo score = 0) in the FMT treat
ment arm, compared to 2/37 patients who received
[38]
[39]
placebo . In contrast, Rossen et al
did not show
a statistically significant benefit of FMT administered
via NDT (nasoduodenal tube) from anonymous donors
compared to the placebo arm (autologous donor
sample), on either clinical or endoscopic evaluation.
Seven out of 23 (30%) of the treatment arm achieved
clinical and endoscopic remission, compared with
5/25 (20%) of the placebo arm; this did not achieve
statistical significance. Key differences between these
studies include: timing of FMT administration, choice
of control group, duration of treatment and follow-up
across both studies (Table 6).
[39]
Rossen et al
administered FMT via NDT, which
primarily targets the upper gastrointestinal tract and
may result in degradation of bacteria and absorption
of colon-specific metabolites within the small bowel,
[40]
prior to reaching the colon . In contrast, Moayyedi
[38]
et al
delivered infusions via rectal enemas, directly
[39]
targeting the diseased colon. Second, Rossen et al
[38]
administered 2 enemas, vs 3 by Moayyedi et al .
This may suggest the necessity of administering
a greater number of infusions in order to enable
sufficient concentration of donor stool to induce a
[40]
[38]
response in the recipient . Finally, Moayyedi et al
allowed patients in the study to continue taking antiTNF medications, while patients in the study by Rossen
[39]
[38]
et al
were not. Moayyedi et al
observed a trend
in greater response rates in patients concurrently
taking immunosuppressant therapy (46% vs 15%),
suggesting a potential synergistic role for FMT and
immunosuppressant therapy in IBD treatment.
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Until study protocols can be better matched it
remains difficult to draw direct comparisons between
these studies, particularly while mechanistic differences
in FMT delivery remain poorly understood.

PERCEPTIONS OF FECAL MICROBIAL
TRANSPLANT
The perception of fecal microbial transplant as a “natural”
therapy has broad appeal for many patients, particularly
where medications are proposed that have rare, but
significant side effect profiles. Recently, the United States
Food and Drug Administration instituted expedited
regulatory approval pathways for clinicians to offer fecal
[41]
microbial transplant to select patients with RCDI .
Health Canada offers similar clinical trial pathways
[42]
for RCDI patients . In both settings, FMT remains
available only through approved clinical trials. Other
proposed indications for FMT, such as for the treatment
of inflammatory bowel diseases, follow traditional
regulatory approval processes, and protocols must
demonstrate minimum standards of safety screening
including donor and fecal sampling for fecal and bloodborne pathogens. Despite these measures, long-term
risks of FMT are poorly understood, and theoretical
concerns of transmissible neuropsychiatric disorders,
[15]
metabolic syndrome, and infectious disease remain .
Nevertheless, public interest in FMT has boomed.
Widely available resources online describe do it
yourself, home-based protocols for preparing and
administering FMT. Several online blogs about FMT
[43]
strongly endorse its benefits . A 2012 qualitative
[44,45]
study by Kahn et al
assessed the attitudes,
interests and concerns of adult patients and parents
of children with ulcerative colitis. Several parents
of pediatric patients compared FMT to probiotics,
and described their perception of FMT as “safe and
beneficial”. There were concerns raised about the
safety of using anonymous donors, but this same
concern was not expressed when household (parent,
sibling) donors were proposed, instead. Overall,
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Table 7 Clinical trials of fecal microbial transplant for pediatric inflammatory bowel disease (registered through clinicaltrials.gov)
Location

Trial number

Diagnosis

Age (yr)

Donor

FMT route

Hamilton,
Canada

NCT02487238

UC

6-17

Anonymous

Enema

California, United NCT02291523
States

UC

7-2

Chongqing, China NCT02335281

UC/CD

16-70

Enema
Colonoscopic

Interven-tion

Protocol

FMT, Saline
Retention enema; 2 × weekly × 6
Randomized Single
wk; 33-wk follow up
Blinded
Accepting volunteers Colonoscopic
FMT, Saline
Patients on high-dose 5-ASA; 1
Randomized
× colonoscopic administration;
Double Blinded
12-mo follow up
Not specified
Nasojejunal
FMT, Mesalazine Single nasojejunal administration;
Randomized Single
1-yr follow up
Blinded
Anonymous
Colonoscopic
FMT
Colonoscopic administration
/Enema
for first treatment; subsequent
periodic treatments over 1-year
with enema administration
Family member
Colonoscopic
Open Label
Fresh stool sample; 1 ×, 1-h
FMT
duration; 6-mo follow up
Family member
Enema
Open Label
1-hour retention enema; daily × 5
FMT
d; 6-mo follow up
Not specified
Not specified
Open Label
Secondary treatment for
FMT
antibiotic, corticosteroid failures;
Open Label
3-yr follow up

Texas, United
States

NCT01947101

UC

12-20

Pennsylvania,
United States
Michigan, United
States
Jerusalem, Israel;
Toronto, Canada;
Helsinki, Finland;
Napoli, Italy;
Rome, Italy;
Krakow, Poland;
Malaga, Spain
Michigan, United
States
Turku, Finland

NCT02108821

UC/CD

2-22

NCT01560819

UC/CD

7-21

NCT02033408

UC/CD

2-75

NCT01560819

UC/CD

7-21

NCT01961492

UC

1-75

Family member/
Chosen by family
Anonymous

Jiangsu, China
Shaanxi, China
Jiangsu, China
Shaanxi, China

NCT01793831

UC/CD

10-70

Not specified

Nasogastric

NCT01790061

UC

10-70

Not specified

Duodenal
(gastroscopic)

FMT
Open Label
FMT
Open Label
FMT
Open Label
FMT
Open Label

Jiangsu, China

NCT02560727

UC

10-70

Not specified

Colonoscopic

Not specified

Retention enema; Administered
daily × 5 d; 6-mo follow up
Single colonoscopic
administration; 1-yr follow up
Single nasogastric administration;
12-mo follow up
1-mo follow up
Fresh, or frozen FMT
administered via gastroscope
No prior biologic,
immunomodulatory,
corticosteroid therapy
12-mo follow up
No prior biologic,
immunomodulatory,
corticosteroid therapy

UC: Ulcerative colitis; CD: Crohn’s disease.

patients appeared ready to consider FMT as a potential
IBD treatment and were eager for FMT to become
[45]
available .
In a recent study of perceptions of FMT amongst
gastroenterologists, 90% of those surveyed would
consider referring a patient for FMT, but 94% shared
concerns about the lack of evidence (42%), adverse
[46]
effects (26%), or lack of efficacy (10%) .
Until more studies are conducted using clearly
defined outcomes, delivery methods, and donor
screening protocols, significant public interest and
relative clinical reticence are both likely to persist.
However, the demand for new treatment options, for a
population of patients that remains difficult to manage,
will certainly keep this area of research active.

CURRENT TRIALS
No randomized controlled trials of FMT for IBD in

WJG|www.wjgnet.com

pediatrics have been published thus far. There are 12
pediatric studies currently registered on Clinicaltrials.gov,
with three studies using anonymous donors, and three
studies having a randomized, placebo-controlled protocol
(Table 7). McMaster Children’s Hospital, in Hamilton,
Canada is running the first randomized controlled trial
using non-household, anonymized donors; this is also
the first pediatric FMT trial in Canada (CinicalTrials.gov:
NCT02487238). Pediatric patients with active UC, or
IBD-Unclassified (IBD-U) are being recruited to receive
twice-weekly frozen- thawed retention enemas, for 6 wk,
with a 6-mo follow-up period. Patients are randomized
1:1 to intervention or normal-saline placebo control
arms, and clinical symptoms, serum inflammatory
markers, and mucosal disease is monitored throughout
the 33-wk period using PUCAI scoring, standard
laboratory tests and fecal calprotectin. Fecal microbiota
is characterized through 16s rRNA and metagenomic
profiling to evaluate changes in composition, diversity,
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function and similarity to donor stool over the course of
treatment and follow-up periods. This trial may be the
first pediatric RCT to demonstrate the effectiveness, and
durability of FMT in IBD-U and UC treatment, and to
establish a robust blinded RCT protocol to support future
studies elsewhere.

CHALLENGES AND OPPORTUNITIES OF
FMT
IBD is a multi-system, chronic disease with multiple
genetic, immunologic and environmental risk factors.
This is in stark contrast to C. difficile colitis, an acute
infectious gastrointestinal process in an otherwise
healthy host. Underlying changes that may predate
clinical manifestations are found in the intestinal
microbial composition of CD and UC patients, but how
these changes correlate with disease activity remains
unclear, and underscores the broader challenge of
defining the constituents of a “healthy microbiome”
[47]
. These challenges also reflect limitations with
current microbial sequencing techniques, and the
availability of sufficient deep-sequencing technologies
and bioinformatics analysis. Numerous potential
opportunities exist in the field of microbial therapeutics
for industry and biotechnology, but until reproducible,
clinically relevant effects can be demonstrated in human
studies, applications of these therapeutics will be limited.
A 2016 meta-analysis of adult and pediatric studies
of FMT for UC showed that responders may show
alterations of their microbiota towards donor microbiota.
These changes may be accentuated in patients with
more favorable outcomes, but heterogeneity in clinical
response persisted, even in patients with similar
[48,49]
microbial community structures
. The duration of
these changes also varied. Approximately half of the
231 patients included in the meta-analysis maintained
these changes for more than 2 mo. Overall, successful
FMT in IBD may be associated with increases in recipient
bacterial diversity and richness, but notable differences,
and confounders have challenged this association.
Antibiotics, and other treatments commonly used
in IBD can exert independent, significant alterations
on the intestinal microbiome that are unrelated to
[50]
inflammation, or FMT treatment effects in UC . A 2015
study of 8 children receiving FMT for RCDI included 5
children with IBD. At 6 mo post FMT, microbiota profiles
of patients with IBD returned closer to their pre-FMT
baseline composition while those patients without IBD
retained similarity to FMT donor stool. This suggests
the IBD microbiome may involve a dysbiosis that is
more resistant to change than the microbiome of an
[22]
otherwise healthy individual .

POTENTIAL RISKS AND SIDE EFFECTS
OF FMT
The long term risks of FMT are unknown. Animal
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models have described transmissibility of obesity,
metabolic syndrome, and possible neuropsychiatric
[14,15]
phenotypes through FMT
. A 2014 case report
described a patient who used her daughter as a
fecal transplant donor for treatment of RCDI, and
2
developed obesity (BMI change from 26 kg/m to
2
33 kg/m ). The patient’s 16 year-old daughter had a
BMI at the time of stool donation between 85%-97%
for age. This was the first reported case of obesity
developing after fecal microbial transplant in a clinical
setting, a finding that has been well-described in
[51,52]
animal models
.
A previous study conducted on RCDI noted tran
sient abdominal cramping, diarrhea, or nausea im
mediately upon FMT administration and throughout the
[27]
13-wk follow-up . Furthermore, increased blood in
the stool, and infections of the urinary and respiratory
tract were noted weeks after treatment, however
[27]
these results were deemed unrelated to the therapy .
A review of the pediatric experience of FMT for UC
described no serious adverse events, and self-limited,
mild to moderate adverse events (transient vomiting,
[32,53]
mucoid stools, and transient fevers) reported
. No
directly associated infectious complications have been
[36,54]
described in adult or pediatric FMT studies
.

CONCLUSION
The use of FMT as a therapeutic option for IBD in
adults and children is an active and emerging area
of research. Well-designed, pediatric randomized
controlled trials are needed, and available safety
data suggests fecal transplant has low rates of mildmoderate, short-term adverse effects. The existing
literature on IBD therapeutics has disproportionately
focused on medication therapies. Accounting for
differences in methodologies, donors, and outcomes
between studies, existing studies have shown the
rapeutic benefit of FMT in IBD care. As patients
increasingly embrace “natural” therapies, it is time
we dedicate the funding and resources that have
traditionally gone towards multi-center RCTs on
immune modulators and explore microbial therapeutics
for IBD care.
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Abstract
Oesophageal cancer affects more than 450000

WJG|www.wjgnet.com

people worldwide and despite continued medical
advancements the incidence of oesophageal cancer is
increasing. Oesophageal cancer has a 5 year survival
of 15%-25% and now globally attempts are made
to more aggressively diagnose and treat Barrett’s
oesophagus the known precursor to invasive disease.
Currently diagnosis the of Barrett’s oesophagus is
predominantly made after endoscopic visualisation
and histopathological confirmation. Minimally invasive
techniques are being developed to improve the via
bility of screening programs. The management of
Barrett’s oesophagus can vary greatly dependent on
the presence and severity of dysplasia. There is no
consensus between the major international medical
societies to determine and agreed surveillance and
intervention pathway. In this review we analysed
the current literature to demonstrate the evolving
management of metaplasia and dysplasia in Barrett’s
epithelium.
Key words: Barrett’s; Oesophagus; Dysplasia; Metaplasia;
Oesophageal cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Barrett's esophagus is a premalignant condition.
Its malignant sequela, esophagogastric junctional
adenocarcinoma, has a mortality rate of over 85%. The
risk of developing esophageal adenocarcinoma in people
who have Barrett's esophagus has been estimated to
be 6-8 per 1000 person-years. Early identification of
Barrett’s and adjusted management is very important to
decrease oesophageal cancer related deaths worldwide.
Evans RPT, Mourad MM, Fisher SG, Bramhall SR. Evolving
management of metaplasia and dysplasia in Barrett’s epithelium.
World J Gastroenterol 2016; 22(47): 10316-10324 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i47/10316.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i47.10316
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INTRODUCTION
Differentiation to columnar cells that are normally
found in the more distal gastrointestinal tract is the
result of over exposure to acid and bile reflux in
the lower oesophagus. Cells that have undergone
metaplasia are at a greater risk of developing dysplasia
and subsequently invasive cancer (Figure 1). Barrett’s
oesophagus (BO) is deﬁned as an oesophagus in which
any portion of the normal distal squamous epithelial
lining has been replaced by metaplastic columnar
epithelium, which is clearly visible endoscopically (≥
1 cm) above the gastro-oesophageal junction (GOJ)
and conﬁrmed histopathologically on oesophageal
[1]
biopsies . The potential for patients with BO to
develop invasive cancer has led to the development of
national surveillance programs to identify and manage
patients at risk of oesophageal cancer.
Current meta-analysis suggests that the overall
incidence of oesophageal adenocarcinoma occurring
[2-9]
in BO is around 3-17 per 1000 person years . The
proportion of the oesophagus affected by BO is a
key BO determinant in cancer risk. Annual cancer
transition rates in BO have been estimated at 0.22%,
0.03% and 0.01% for long (> 3 cm), short (1-3
[10]
cm) and ultra-short (1 cm) BO . At such rates the
number of patients who would need to undergo an
upper endoscopy to find one cancer per year is 450
patients with a long-segment, 3440 with a shortsegment and 12 365 with an ultra-short-segment
[10]
BO . Risk of transition is not only dependent on the
extent of BO but the severity of dysplasia. The annual
risk of oesophageal cancer is approximately 0.25% for
patients without dysplasia and 6% for patients with
[11]
high-grade dysplasia .
Oesophageal cancer affects more than 450000
people worldwide and despite continued medical
advancements the incidence of oesophageal cancer
[12-16]
is increasing
. In England and Wales from 1971
to 2001 the incidence of oesophageal cancer rose
[15]
40% every 5 years . Oesophageal cancer has a 5
year survival of 15%-25% and attempts to identify,
[14,17]
survey and treat BO are to reduce this incidence
.
BO is largely asymptomatic and the sub-population
that present for medical attention may well differ
[17]
from the total population of BO sufferers . This
makes it particularly challenging to determine the true
prevalence of BO which is unknown but estimated to
[18,19]
be approximately 1.6%-8.0%
.
Reflux is a common problem with prevalence
estimates 8.8%-25.9% in Europe, 18.1%-27.8% in
North America, 2.5%-7.8% in East Asia, 8.7%-33.1%
in the Middle East, 11.6% in Australia and 23.0% in
South America. In the United Kingdom and United
States the incidence was approximately 5 per 1000
[20]
person-years . Not all patients with reflux will
develop BO but reflux is the presumed precipitant
in the majority of cases. In patients suffering from
reflux the male gender, increasing age, an increased
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BMI, increased waist circumference independent of
BMI, duration of reflux symptoms, and presence of
a hiatal hernia with all associated with an increased
[21,22]
risk of developing BO
. The risk of patients with
BO developing high-grade dysplasia and oesophageal
adenocarcinoma was increased in men, smokers,
those with a decreased fruit and vegetable intake, and
those with a long segment of Barrett’s oesophagus,
[21]
but not with increased age, BMI, or a hiatal hernia .

DIAGNOSIS
The diagnosis of BO is achieved through endoscopic
visualisation and histopathological confirmation.
Indications for endoscopy include symptoms of reflux,
dyspepsia, dysphagia, gastrointestinal bleeding, iron
deficiency anaemia and visualisation of an imaging
identified abnormality. Currently standard upper
gastrointestinal endoscopy is the gold standard
method to diagnose BO. Trans-nasal endoscopy has
also been shown to be accurate and well tolerated
with a sensitivity and specificity of 98% and 100%
[23,24]
respectively
. Identification of the GOJ is key in
determining the presence and extent of BO. This can
be done by identifying the confluence of the distal
end of the palisade vessels and the proximal end of
the gastric folds however peristalsis, oesophagitis and
insufflation can potentially make these landmarks
inconsistent. It is important to identify the presence
of an irregular Z line in order not to mistake this for
BO. Despite these recognised anatomical landmarks
documentation is challenging and there is the potential
[25-27]
for inter and intra-observer variation
(Figure 2).
For initial diagnostic purposes standard white light
endoscopy (WLE) Nis often used for the identification
of BO. High resolution WLE has been shown to have
better targeted detection of any dysplasia in BO
surveillance and a higher sensitivity of detecting
[28-30]
early neoplastic lesions
. However high resolution
WLE alone does not alter the need for random
biopsies when identifying BO. Chromoendoscopy
has also been used to improve the detection of BO.
It involves the application of methylene blue that
selectively reacts with and highlights various mucosal
features, theoretically improving the detection of
[31-37]
abnormalities
. Currently advanced imaging
modalities, such as chromoendoscopy or electrical
chromoendoscopy, are not superior to standard
white light endoscopy or high resolution WLE in BO
surveillance and are therefore not recommended for
[1,29]
routine use
. Narrow band imaging has also been
used in attempt to improve the detection of BO. A
restricted spectrum of light is used to enhance capillary
blood flow in order to highlight areas of metaplasia
or dysplasia. It has not been shown to be superior to
white light endoscopy and random biopsy in screening
[38]
and is therefore not advocated for routine use .
The Prague Criteria were developed in order to
standardise the reporting of BO in order to minimise
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Figure 1 Progression from normal squamous epithelium to oesophageal cancer in Barrett’s oesophagus[76].
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Figure 2 Despite these recognised anatomical landmarks documentation is challenging and there is the potential for inter and intra-observer variation. A:
Normal oesophagus and stomach; B: Hiatus Hernia; C: Short segment Barrett’s; D: Long segment Barrett’s[77].

observer variation. The Prague Criteria give explicit
guidance on the endoscopic recognition of BO and
grading of its extent. The criteria included assessment
of the circumferential (C) and maximum (M) extent
of the endoscopically visualized BO segment as well
[39]
as endoscopic landmarks . The use of the Prague
criteria has been adopted widely and has been shown
to be easily used by both experienced clinicians and
[40,41]
trainees alike
. There has been some criticism
that the criteria do not allow for detailed descriptions
of short and ultra-short BO. Expansion of the Prague
criteria to permit further detailed descriptions of BO
[42]
islands has been suggested .
Histological diagnosis of BO varies from country
to country. The British Society of Gastroenterology
(BSG) defines BO as metaplastic differentiation to
columnar mucosa however there is no requirement
[1]
for confirmation of the presence of goblet cells .
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This differs from the American Gastroenterological
Association (AGA) which defines BO to be the presence
of intestinal metaplasia and therefore the presence of
goblet cells in oesophageal mucosal biopsies obtained
from endoscopically identified areas of columnar
[43]
mucosa . It is important to note that the absence
of goblet cells does remove the increased risk of
neoplastic transformation. The presence of goblet cells
can fluctuate over time in metaplasia and is inevitably
[44]
affected by the number and size of biopsies taken .
Only endoscopic identification in required in Japan to
[45]
confirm BO . Despite these variations in definition
treatment and surveillance modalities remain similar.

SCREENING
Screening in patients with BO has gained popularity
as a way of identifying dysplastic changes prior to
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with further accurate modelling, and less invasive
economically viable tests screening may become
increasingly routine.

Table 1 Vienna classification of Barrett’s oesophagus
1
2
3
4a
4b
5

Negative for dysplasia
Indefinite for dysplasia
Low-grade dysplasia
High-grade dysplasia (including carcinoma in situ)
Intra-mucosal carcinoma (including suspicious for invasive cancer)
Submucosal invasion by adenocarcinoma

MANAGEMENT

evolution into invasive malignancy and therefore
potentially improving treatment outcomes. The BSG,
the AGA and the American College of Gastroenterology
(ACG) does not advocate screening the general
population of reflux sufferers as it is not cost effective
[1,43,46]
at identifying BO
and 40% of patients with
oesophageal adenocarcinoma do not have chronic
[43]
reflux symptoms . Estimates suggest around that 1
in 4 people suffer from reflux and therefore screening
nearly 80 million people in the USA and 18 million
[20]
people in the UK is neither feasible or cost effective .
Screening guidance in high risk populations varies
slightly between the United Kingdom and the United
States. The BSG guidelines advise that endoscopic
screening can be considered in patients with chronic
gastrointestinal reflux disease (GORD) symptoms and
multiple risk factors (at least three of age 50 years or
older, white race, male sex, obesity).
The threshold of multiple risk factors however,
should be lowered in the presence of family history
including at least one first-degree relative with BO or
[1]
oesophageal adenocarcinoma . The AGA and ACG
recommend screening for Barrett’s oesophagus in
patients with multiple risk factors associated with
oesophageal adenocarcinoma (age 50 years or older,
male sex, white race, chronic GORD, hiatal hernia,
elevated body mass index, and intra-abdominal
[43,46]
distribution of body fat)
.
New less invasive techniques are being developed;
the minimally invasive cell sampling device, cytosponge
coupled with immunohistochemical sampling for
biomarker trefoil factor 3 (TFF3) have been described
to support the diagnosis of BO. In the 93% of patients
who were able to complete the test the cytosponge
had a sensitivity of 87% and a specificity of 92% in
[47]
diagnosing BO . Obtaining cytology via a cytosponge
also potentially allows for the identification of neoplasia
using infrared microscopy but further studies are
[48]
required .
Screening of high risk populations potentially
identifies a greater number of patients with Barrett’
s oesophagus however this is little evidence to
show such regimens reduce the incidence rates of
oesophageal malignancy. Risk modelling has been
performed to potentially identify as many high
risk patients as possible however often Barrett’s
Oesophagus is present in patients outside current
screening guidelines such as men below the age of 40
[49,50]
and women with nocturnal symptoms
. Potentially
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The visual identification of a suspicious lesion or BO
should lead to a biopsy being performed. Targeted
biopsies of a lesion should occur first followed by the
Seattle Biopsy Protocol which entail four quadrant
[51]
biopsies every 2 cm . A prospective study has
shown that the use of the Seattle Protocol leads to
[52]
a significant increase in detection of early lesions .
Conversely it has also been shown that non adherence
to the Seattle Protocol reduces the detection of
[53,54]
dysplasia
. Histological analysis should clearly
document the level and number of biopsies taken. The
presence of the following should be documented by
the pathologist; squamous mucosa, glandular mucosa,
native oesophageal structures, intestinal metaplasia,
glandular dysplasia (indefinite, low, high, intramucosal neoplasia), p53 immunostaining and presence
of inflammation (acute/chronic). A summary should
be included stating whether there was BO with gastric
metaplasia, BO with intestinal metaplasia (± dysplasia)
or no BO.
Subsequent classification of dysplasia should be
done in concordance with the Vienna classification to
[55]
facilitate surveillance of intervention plans (Table 1).
BSG guidelines currently advise that the presence of
dysplasia should be confirmed by two pathologists due
[1]
to the implications for diagnosis .

Non-dysplastic Barrett’s oesophagus

The current guidance for surveillance in non-dysplastic
BO (NDBO) varies significantly across Europe and
America. The BSG advise that for NDBO surveillance
should occur every 3-5 years for short segment BO
(SSBO, < 3 cm) BO and every 2-3 years for long
[1]
segment BO (LSBO, > 3 cm) . The BSG also advise
that patients with histology that is indefinite for
dysplasia show undergo re-biopsy at 6 mo and if no
definitive dysplasia is found they should be managed
as NDBO. The French Society of Digestive Endoscopy
(FSDE) advocate surveillance every 5 years for SSBO
(< 3 cm), every 3 years for LSBO 3-6 cm and every
[56]
2 years for LSBO > 6 cm . The AGA advocate
surveillance every 3-5 years for NDBO irrespective of
[43]
length . The American Society for Gastrointestinal
Endoscopy (ASGE) advise considering no surveillance
[57]
but if required should be every 3-5 years for NDBO .
ACG advise 2 OGDs in the first year and then every 3
[46]
years if no dysplasia is found .

Low grade dysplasia

In patients with low-grade dysplasia on biopsy the
ACG and ASGE advise repeating the OGD within 6 mo
and if there is no evidence of high-grade dysplasia
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Table 2 Different international management guidelines for Barrett's oesophagus
BSG
No dysplasia

Low-grade
dysplasia
High-grade
dysplasia

FSDE

OGD every 3-5 yr for
OGD every 5 yr for SSBO
SSBO (< 3 cm), every 2-3
(< 3 cm), every 3 yr for
years FOR LSBO(> 3 cm) LSBO (3-6 cm), every 2 yr
for LSBO (> 6 cm)
Repeat OGD at 6 mo, if
Repeat OGD if LGD
LGD offer endoscopic
perform OGD at 6 mo, 1
therapy
yr, then every year
Offer endoscopic therapy
Repeat OGD if HGD
offer endoscopic/surgical
therapy

AGA

ACG

ASGE

OGD every 3-5 yr

2 OGDs in the first year and No surveillance but if
then every 3 yr
required should be every
3-5 yr

OGD every 6-12 mo

Repeat OGD within 6 mo if
Repeat OGD within 6
no HGD then OGD every mo if no HGD then OGD
year
every year
Repeat OGD within 3 mo, Repeat OGD within 3 mo
then every 3 mo or consider or endoscopic therapy
Endoscopic therapy

OGD every 3 mo in the
absence of endoscopic
therapy

BSG: British Society of Gastroenterology; FDSE: French Society of Digestive Endoscopy; AGA: American Gastroenterological Association; ACG: American
College of Gastroenterology; ASGE: American Society For Gastrointestinal Endoscopy.

[46,57]

then extend surveillance to every year
. The AGA
[43]
advise surveillance every 6-12 mo , the FSDE advise
repeat endoscopy and if Low grade dysplasia (LGD)
is confirmed then endoscopy should be performed
[56]
at 6 mo, 1 year, and then every year . The BSG
guidelines were published in 2014 but have been
subsequently updated in response to new guidance
from NICE (National Institute for Health and Care
Excellence). If LGD (confirmed by two pathologists)
is identified again 6 mo after the initial endoscopy
the patient should be offered endoscopic ablation
[58,59]
[60]
therapy
. Duits et al
performed a retrospective
analysis of 293 patients with LGD. After re-analysis of
histology by expert opinion only 27% were confirmed
to have LGD. The patients were followed up for 39 mo
and had a conversion rate of 9.1%/year to high grade
dysplasia or invasive neoplasia whereas the NDBO
population had a conversion rate of 0.6% and 0.9%/
year. A multicentre randomized control trial (RCT) of
patients with LGD undergoing radio-frequency ablation
(RFA) (n = 68) or surveillance (n = 68) demonstrated
at follow up at 3 years 1 % of those receiving RFA has
developed HGD/ invasive neoplasia whereas 26.5% of
patients in the surveillance arm had developed HGD/
[61]
invasive neoplasia . This data are supports a more
proactive management approach in these patients.
The differences between the various guidelines
are reflective of their year of publication. As new
studies have been produced not all guidelines have
been actively updated. Only the BSG has formally readdressed this issue. Although French and American
guidelines advocate a less aggressive approach for
LGD this is unlikely to be reflective of institutional
practice, which will be more regularly reviewed and
updated to provide up to date local investigation and
treatment guidelines.

High grade dysplasia

The BSG advocate endoscopic therapy for High Grade
Dysplasia (HGD) while the FSDE advise a second
OGD and if HGD is confirmed endoscopic or surgical
treatment should be offered at this point. The ACG
advise repeat endoscopy within 3 mo and then every 3
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mo or consider endoscopic therapy. The ASGE advise
either repeat endoscopy within 3 mo or endoscopic
therapy and the AGA advise endoscopy every 3 mo
in the absence of endoscopic therapy. As endoscopic
therapies improve fewer patients are undergoing
oesophagectomy for HGD and early carcinoma and
patients with HGD who are suitable for endoscopic
therapy should be discussed at a multidisciplinary
team meeting to formalise care and follow up (Table
2). Similarly with LGD, the BSG guidelines are
more aggressive and are the most recent published
guideline.

ENDOSCOPIC THERAPIES FOR
DYSPLASTIC BARRETT’S OESOPHAGUS
Endoscopic therapies can broadly be categorised into
two groups tissue acquiring and non-tissue acquiring.
Endoscopic resections (ER) are commonly performed
on nodular lesions with curative intent. ER is the
most accurate way of diagnosing dysplasia or early
[62]
invasive disease in BO . It is preferred to biopsies in
surveillance due to the risk of biopsies missing HGD
[63]
or invasive disease . ER has an initial eradication
of HGD of 90% and complete remission rate of 90%
[64]
when complete excision is achieved . Recurrence of
NDBO at 5 years is around 39.5% and recurrence of
dysplasia or cancer is 6.2%. Adverse events including
[64]
stricturing can occur in up to 47% .
RFA is being used increasingly to treat BO and
is often used in conjunction with ER to achieve
optimum outcomes. Estimates show that with use
RFA alone complete eradication of dysplasia can occur
in 82%-91% of patients with complete eradication of
[65,66]
intestinal metaplasia in 56%-77%
. Most studies
that assess the use of combined RFA and ER show
[66,67]
improved outcomes as compared to RFA alone
.
[68]
Haidry et al
however, found that ER before RFA did
not provide any additional benefit. RFA in combination
with ER can lead to dysplasia eradication in 86-94%
with complete eradication of intestinal metaplasia of
88%-90%. Stricture rates without ER are approxi
mately 5%-6.5% and with ER are approximately
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[65,66,68]

7.9%-9%
. Cryotherapy is a possible alternative
to RFA when an ablative technique is required but
has a larger complication profile than RFA and is less
[69,70]
frequently used
. The BSG advocates the use of ER
for dysplasia within visible lesions otherwise RFA is the
[1]
technique of choice .

ROLE OF MEDICINE AND SURGERY FOR
BARRETT’S OESOPHAGUS
Proton pump inhibitor (PPI) therapy has been the
mainstay of therapy for patients with symptomatic
reflux and evidence exists that PPI use reduces
the risk of neoplastic progression in patients with
[71,72]
BO
. There is no such evidence for H2 receptor
[72]
antagonists . Anti reflux surgery has been shown
to cause regression of BO in between 22% and 35%
of patients but 7%-8% of patients will progress to
[73,74]
dysplasia despite surgery
. Antireflux surgery
has not been shown to be significantly better than
medical therapy in preventing progression to dysplasia
or adenocarcinoma and is therefore not indicated for
the treatment of BO ahead of medical therapy. Anti
reflux surgery still plays an important role in symptom
control from reflux in a proportion of patients.
Oesphagectomy plays a primary role in managing
oesophageal cancer in patients with disease invading
the submucosa or lymph nodes on diagnosis. The 90
day mortality for oesophagectomy has improved in
recent years but remains approximately 4.6% and
therefore by identifying dysplastic changes early it may
be possible to prevent evolution to invasive malignancy
[75]
that could benefit from oesophagectomy . Different
international management guidelines for BO are
summarized in Table 2.
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CONCLUSION
The prevalence of Barrett’s oesophagus is believed to
be between 1.6% and 8%. Barrett’s oesophagus is
a known precursor of oesophageal adenocarcinoma
and the incidence of oesophageal cancer is rising.
Although population screening is not yet indicated with
the advent of new less invasive cytological screening
for Barrett’s oesophagus this might change. Advances
in endoscopic therapy mean that minimally invasive
techniques are beginning to eliminate the role of high
morbidity and mortality surgery.
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AIM
To analyze colorectal carcinogenesis and age-related
DNA methylation alterations of gene sequences asso
ciated with epigenetic clock CpG sites.
METHODS

In silico DNA methylation analysis of 353 epigenetic

clock CpG sites published by Steve Horvath was
performed using methylation array data for a set of
123 colonic tissue samples [64 colorectal cancer (CRC),
42 adenoma, 17 normal; GEO accession number:
GSE48684]. Among the differentially methylated agerelated genes, secreted frizzled related protein 1
(SFRP1 ) promoter methylation was further investigated
in colonic tissue from 8 healthy adults, 19 normal
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children, 20 adenoma and 8 CRC patients using
bisulfite-specific PCR followed by methylation-specific
high resolution melting (MS-HRM) analysis. mRNA
expression of age-related “epigenetic clock” genes
was studied using Affymetrix HGU133 Plus2.0 whole
transcriptome data of 153 colonic biopsy samples (49
healthy adult, 49 adenoma, 49 CRC, 6 healthy children)
(GEO accession numbers: GSE37364, GSE10714,
GSE4183, GSE37267). Whole promoter methylation
analysis of genes showing inverse DNA methylationgene expression data was performed on 30 colonic
samples using methyl capture sequencing.
RESULTS
Fifty-seven age-related CpG sites including hyper
methylated PPP1R16B , SFRP1 , SYNE1 and hypo
methylated MGP, PIPOX were differentially methylated
between CRC and normal tissues (P < 0.05, ∆β ≥
10%). In the adenoma vs normal comparison, 70 CpG
sites differed significantly, including hypermethylated
DKK3 , SDC2 , SFRP1 , SYNE1 and hypomethylated
CEMIP , SPATA18 (P < 0.05, ∆β ≥ 10%). In MS-HRM
analysis, the SFRP1 promoter region was significantly
hypermethylated in CRC (55.0% ± 8.4 %) and adenoma
tissue samples (49.9% ± 18.1%) compared to normal
adult (5.2% ± 2.7%) and young (2.2% ± 0.7%) colonic
tissue (P < 0.0001). DNA methylation of SFRP1 promoter
was slightly, but significantly increased in healthy adults
compared to normal young samples (P < 0.02). This
correlated with significantly increased SFRP1 mRNA
levels in children compared to normal adult samples (P
< 0.05). In CRC tissue the mRNA expression of 117 agerelated genes were changed, while in adenoma samples
102 genes showed differential expression compared
with normal colonic tissue (P < 0.05, logFC > 0.5). The
change of expression for several genes including SYNE1 ,
CLEC3B , LTBP3 and SFRP1 , followed the same pattern in
aging and carcinogenesis, though not for all genes (e.g. ,
MGP).
CONCLUSION
Several age-related DNA methylation alterations can
be observed during CRC development and progression
affecting the mRNA expression of certain CRC- and
adenoma-related key control genes.
Key words: DNA methylation; Aging; Colorectal cancer;
Adenoma; Epigenetic drift; Epigenetic clock; Secreted
frizzled related protein 1
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Several age-related DNA methylation altera
tions could be observed during colorectal cancer
(CRC) formation and progression affecting the mRNA
expression of certain CRC- and adenoma-related key
control genes such as hypermethylated secreted frizzled
related protein 1 (SFRP1 ), spectrin repeat containing
nuclear envelope protein 1 and hypomethylated
cell migration-inducing protein. For the first time
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significantly lower SFRP1 methylation levels were
demonstrated in colonic tissue from children (under
18 years) compared to healthy adults. The main CRCassociated signal transduction pathways, such as WNT
signaling and PI3K/Akt pathways are also influenced
during aging.
Galamb O, Kalmár A, Barták BK, Patai ÁV, Leiszter K, Péterfia
B, Wichmann B, Valcz G, Veres G, Tulassay Z, Molnár B. Aging
related methylation influences the gene expression of key control
genes in colorectal cancer and adenoma. World J Gastroenterol
2016; 22(47): 10325-10340 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i47/10325.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i47.10325

INTRODUCTION
DNA methylation alterations in connection with
aging include epigenetic drift and epigenetic clock
phenomena. Epigenetic drift is defined as the global
DNA methylation changes caused by random and
environmental individual-specific factors, while the
epigenetic clock is defined as a group of progressive
age-related epigenetic alterations at specific geno
mic sites which are common across individuals and
[1,2]
occassionally across various tissue types
. The
epigenetic clock concept is an approach to biological
age prediction of different tissues based on the
DNA methylation status of 353 CpG sites measured
using the Illumina Beadchip450K methylation array
[2]
platform .
Although age-related (A type) and cancer-related
(C type) DNA methylation are often distinguished,
the main age-related disease is cancer and the age of
[3]
patients is one of the risk factor for carcinogenesis .
In human development, following a transient increase
in average DNA methylation in early childhood (during
[4,5]
the first year of life)
, global hypomethylation
[6,7]
is characteristic during aging
. Similarly global
hypomethylation is observed in various types
[8]
of cancers including colorectal cancer (CRC) .
With aging, besides global hypomethylation, local
hypermethylation can occur on promoters of certain
genes, including tumor suppressor gene promo
ters in various types of cancers, and many tumor
suppressor genes were reported among the age[6]
dependently hypermethylated genes . Among others,
[7,9-12]
[7,9]
promoter hypermethylation of APC
, CDKN2A ,
[7,13,14]
[15,16]
[7,15,17]
[7,12,15,18-23]
ESR1
, GATA5
, HPP1
, SFRP1
[7,18-21]
and SFRP2
genes was reported for colonic tissues
during both aging and colorectal carcinogenesis.
Although DNA methylation data from adult colonic
tissue samples has been expansively published, data
for children/young patients are limited.
In this study, we analyzed DNA methylation and/or
gene expression changes of genes covered by the 353
[2]
epigenetic clock CpG sites for patients of different
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ages as well as stages in the progression through
to CRC in order to study the possible relationship
between age-related and cancer-associated epigenetic
alterations. Gene expression analysis was performed
using colonic tissue samples from healthy children,
healthy adults, and patients with adenomas and CRC.
Among the differentially methylated/expressed agerelated genes, secreted frizzled related protein 1
(SFRP1) promoter methylation was further analyzed
in healthy, premalignant and cancerous colonic tissue
samples, and to our knowledge this is the first study to
also include colonic biopsy specimens from children.

MATERIALS AND METHODS
In silico DNA methylation analysis

The DNA methylation status of 353 age-related
[2]
CpG sites was analyzed in silico using methylation
array data from the Illumina BeadChip450K.
Analysis was performed on 123 CRC, adenoma and
normal tissue samples available in the NCBI Gene
Expression Database database (GEO accession
[24]
number: GSE48684 ). Differences between average
methylation values of the compared diagnostic groups
(∆β-values) and P values were determined for each
CpG site (cg IDs). For statistical evaluation, normal
distribution was checked using Kolmogorov-Smirnov
test. Hence normal distribution was observed in any
cases, Student’s t-test with Benjamini and Hochberg
correction was applied for paired group comparisons.
Significance criteries were P < 0.05 in all cases.

In silico gene expression analysis

The expression of age-related “epigenetic clock”
genes was analyzed using whole transcriptome data
from Affymetrix HGU133 Plus2.0. Data was obtained
from 153 colonic biopsy samples (49 healthy, 49
adenoma, 49 CRC and 6 healthy children) previously
hybridized by our research group (GEO serial accession
[25]
[26]
[27]
numbers: GSE37364 , GSE10714 , GSE4183 ,
[28]
GSE37267 ). Gene expression levels were compared
using unpaired Student’s t-test with Benjamini and
Hochberg correction (P value of < 0.05 was considered
as significant). For gene expression analysis, normal
distribution was found using Kolmogorov-Smirnov test,
therefore Student’s t-test (in case of differentiation
of two groups with equal variances) or Welch-test
(in case of differentiation of two groups with unequal
variances) and ANOVA (when more than two groups
were compared) were applied. For paired comparisons
Benjamini and Hochberg correction was applied. In
case of ANOVA, Tukey HSD post-test was used in order
to find out which group refers to the differentiation if
any. Significance criteries were P < 0.05 in any cases.
For the logFC calculation, the differences between the
averages of groups were considered (abs logFC ≥ 0.5
criteria).
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Methyl capture sequencing - in silico data analysis

Whole methylome data from 6 normal adjacent tissue
(NAT), 15 adenoma and 9 CRC tissue samples were
determined in a previous study using methyl capture
[12]
sequencing . Using this dataset, the whole promoter
methylation status of genes showing an inverse relation
between gene expression and DNA methylation was
evaluated. Differentially methylated genes were deter
[12]
mined as described earlier . For statistical evaluation
normal distribution was determined and the applied
tests were chosen according to the above-mentioned
criteria. Differences with P < 0.05 were considered
as significant. Methylation alterations between
diagnostic groups were characterized by ∆β-values
(the differences of the average β-values of sample
groups).

Clinical samples

All patients provided informed consent. Colorec
tal biopsy samples were obtained during routine
nd
endoscopic intervention at the 2 Department of
st
Internal Medicine and 1 Department of Paediatrics,
Semmelweis University, Budapest, Hungary. In total 55
colonic tissue samples (from 19 healthy children (under
age of 18 years), 8 healthy adults, 20 patients with
adenomas and 8 CRC samples) were tested in SFRP1
methylation-specific high resolution melting (MS-HRM)
study (Table 1). Biopsy samples from all adults and
5 of children were stored in RNALater Stabilization
Solution (Ambion, ThermoFisher Scientific) at -80 ℃
until use. Biopsy samples from the same site were
immediately fixed in buffered formalin for histological
evaluation. For 14 children, only FFPE blocks were
available. Histological diagnoses were established by
experienced pathologists. Altogether 27 tissue samples
(19 from children and 8 from adults) with normal
histology (so called healthy normal colonic tissue
samples) were involved in SFRP1 MS-HRM study.
Children and adults in the study had been referred to
the outpatient clinic with rectal bleeding, constipation
or chronic abdominal pain. Ileocolonoscopy was part
of their diagnostic procedure (exclude organic disease)
and the biopsy specimens showed normal macroscopic
[28]
appearance and histology . The study was conducted
according to the Helsinki declaration and approved by
the local ethics committee and government authorities
(Regional and Institutional Committee of Science and
Research Ethics (TUKEB) Nr.: 69/2008, 202/2009
and 23970/2011 Semmelweis University, Budapest,
Hungary).

DNA isolation

Tissue samples were homogenized in 2% sodium
dodecyl sulphate, and digested with 4 mg/mL proteinase
K for 16 h at 56 ℃. Genomic DNA was isolated using the
High Pure PCR Template Preparation Kit (Roche Applied
[18]
Science) according to the manufacturer’s instructions .
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Table 1 Clinical data of samples involved in the high resolution melting study
Sample
ID

Age

Gender

Localization

Histology

Ch1
Ch2
Ch3
Ch4
Ch5
Ch6
Ch7
Ch8
Ch9
Ch10
Ch11
Ch12
Ch13
Ch14
Ch15
Ch16
Ch17
Ch18
Ch19
N1
N2
N3
N4
N5
N6
N7
N8
AD1

4
7
11
14
5
7
1
1
10
3
17
17
16
16
1
3
6
9
17
44
31
59
54
68
71
69
57
78

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

AD2

60

M

Colon
Cecum
Colon
Transverse
Sigmoid
Descendent
Descendent
Sigmoid
Cecum
Sigmoid
Cecum
Sigmoid
Sigmoid
Cecum
Left colon
Sigmoid
Sigmoid
Sigmoid
Colon
Sigmoid
Sigmoid
Sigmoid
Colon
Sigmoid
Sigmoid
Sigmoid
Sigmoid
Asc, sigmoid,
rectum
Sigmoid

AD3

88

M

AD4

72

F

Asc, transv,
sigmoid
Rectum

AD5

45

F

Descendent

AD6

68

F

Rectum

AD7

63

F

Sigmoid

AD8

65

F

AD9

60

F

Asc, transv,
rectum
Sigmoid

AD10

77

F

Rectosigmoid

AD11

55

F

Asc colon

AD12

76

M

Cecum, sigmoid

AD13

62

F

Sigmoid

AD14

83

M

Asc colon

AD15

73

M

Cecum, asc, desc

AD16

64

M

AD17

63

M

AD18

63

F

Transv, sigmoid,
rectum
Asc, transv,
rectum
Sigmoid

AD19

63

M

Rectum

Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Tubulovillous
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubulovillous
adenoma
Tubular
adenoma
Tubular
adenoma
Tubular
adenoma
Tubulovillous
adenoma
Tubulovillous
and tubular
adenoma
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TNM

Grade

Dukes’ stage
(MAC)

Dysplasia

Low-grade
Low-grade
Low-grade

30 mm, 3 mm,
15 mm
6 mm

Sample type
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FFPE
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

Low-grade

4 mm, 3 mm, 7-8
mm
10 mm

High-grade

5-6 mm

FF

Low-grade

5 mm

FF

Low-grade

8 mm

FF

Low-grade

FF

Low-grade

2-3 mm, 2-3 mm,
2-3 mm
5 mm, 4 mm

Low-grade

5 mm

FF

Low-grade

10 mm

FF

Low-grade

5 mm, 8-10 mm

FF

High-grade

30 mm

FF

High-grade

50-60 mm

FF

Low-grade

FF

Low-grade

12 mm, 10 mm,
6-8 mm
5 mm, 25 mm,
15 mm
2-3 mm, 5 mm,
5-6 mm, 15 mm
25 mm

Low-grade

25 mm, 30 mm

FF

Low-grade
Low-grade
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FF
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AD20

87

M

AD21

63

F

CRC1
CRC2
CRC3
CRC4
CRC5
CRC6
CRC7
CRC8

67
76
73
65
85
60
68
87

F
F
F
M
F
M
M
F

Sigmoid, rectum

Tubulovillous
adenoma
Sigmoid
Tubulovillous
adenoma
Sigmoid
Adenocarcinoma Unknown Unknown
Hepatic flexure Adenocarcinoma T2N0M0
2
Sigmoid
Adenocarcinoma T3N2M1
2
Sigmoid
Adenocarcinoma T2N0M0
1
Cecum
Adenocarcinoma T2N0M0
2
Hepatic flexure Adenocarcinoma
unknown
Sigmoid, rectum Adenocarcinoma T3N0M0
1
Sigmoid
Adenocarcinoma T3N0M0
2

Low-grade

20 mm, 15 mm

FF

Low-grade

25 mm

FF

Unknown
B1
D
B1
B1
D
B2
B2

FF
FF
FF
FF
FF
FF
FF
FF

Ch: Children; N: Normal; Ad: Adenoma; CRC: Colorectal cancer.

DNA was eluted in 2 × 100 μL RNase- and DNase-free
water and stored at -20 ℃. The quantity of the isolated
DNA samples was measured by Qubit fluorometer using
the Qubit dsDNA HS Assay (Invitrogen, ThermoFisher
Scientific).

Bisulfite-specific PCR and MS-HRM experiments for
SFRP1 promoter methylation analysis

Bisulfite conversion was performed using the EZ DNA
Methylation Direct™ Kit (Zymo Research, Irvine,
CA, United States) according to the manufacturer’s
instructions. For fresh frozen samples, 500 ng isolated
DNA was converted, while for FFPE samples the total
recovered DNA after deparaffinization and digestion
was bisulfite converted. Bisulfite-specific PCR (BSPCR) reactions were performed in 15 μL volume
using LightCycler 480 Probes Master (Roche Applied
®
Science), LightCycler 480 ResoLight Dye (Roche),
SFRP1 primers at 0.2 μmol/L final concentrations and
bisulfite converted DNA (bcDNA) samples (approx, 5
ng bcDNA/well). The sequences of the applied SFRP1
[19]
BS-PCR primers were previously described . Realtime PCR amplification was carried out on LightCycler
480 System with the following thermocycling con
ditions: 95 ℃ for 10 min, then 95 ℃ for 30 s, 62 ℃
with 0.4 ℃ decreasement/cycle for 30 s, 72 ℃ for 30 s
for 10 touchdown cycles, followed by the amplification
at 95 ℃ for 30 s, 58 ℃ for 30 s, and 72 ℃ for 30 s
in 50 cycles. For HRM calibration, unmethylated and
methylated bisulfite converted control DNA (EpiTect
PCR Control DNA Set, Qiagen) were used in different
ratios (0%, 10%, 25%, 50%, 75% and 100%
methylated controls). HRM analyis was performed
according to the following thermal conditions: after
denaturation at 95 ℃ for 1 min, and cooling at 40 ℃
for 1 min, the reactions were continuously warmed
up to 95 ℃ with a 25 acquisition/℃ rate. Raw HRM
data were exported and the HRM peak heights of the
negative derivative of fluorescence over temperature
curves (-(d/dT) Fluorescence) of the biological sam
ples were retrieved at the melting temperatures of
the methylated and unmethylated standards. The
methylation percent was calculated by the ratio of
values at the methylated and unmethylated melting
temperatures. For statistical evaluation normal
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distribution was determined and the applied tests were
chosen according to the above-mentioned criteria.

SFRP1 immunohistochemistry

Parallel with our epigenetic examinations, 4 nm
thick FFPE samples from healthy children (n = 6)
and healthy adults (n = 7) were examined. SFRP1
immunohistochemistry was performed on colonic tissue
samples of healthy adults (n = 7; mean age at histology
examination: 48 ± 17 years; 5 f/2 m) and of children
(mean age: 12 ± 6 years); 3 f/3 m). Histology was
diagnosed by an expert pathologist on routinely stained
HE sections. Following deparaffinization and rehydration,
microwave based antigen retrieval was performed in
TRIS EDTA buffer (pH 9.0) (900 W/10 min, then 340
W/40 min). Samples were immunostained with SFRP1
polyclonal antibody (ab4193, Abcam, Cambridge,
United Kingdom, 1:80 dilution) with diaminobenzidine
- hydrogen peroxidase - chromogen-substrate system
(cat#30014.K, HISTOLS-DAB, Histopathology Ltd.,
Hungary) and were digitalized by Pannoramic 250 Flash
II scanner (with Zeiss Plan-Apochromat 20 × objective;
3DHISTECH Ltd, Hungary). Digital slides were semiquantitatively analyzed with Pannoramic Viewer
(ver.:1.15.3; 3DHISTECH) based on Q-score method
(scored by multiplying the percentage of positive cells
(P) by the intensity (I: +3, +2, +1, 0). Formula: Q
= P × I; Maximum = 300). Epithelial and stromal
compartments were examined separately, then these
scores were summarized (Σ) (Σ Q-score maximum:
600) in order to have comparable results with our
whole biopsy methylation analyses.

Statistical analysis

The applied statistical methods are outlined above after
the descriptions of molecular and in silico analyses.
The statistical review of the study was performed by a
biomedical statistician.

RESULTS
Gene ontology of 353 CpG sites of the "epigenetic
clock"

The “epigenetic clock” signature includes 353 CpG
[2]
sites including different genes, gene promoters and
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First we updated the annotation of the CpG sites and
assigned official gene symbols according to the newest
version of NCBI Gene Database. Approximately
80% of the genes belonging to 353 CpG sites could
be classified into functional groups including highly
represented transcriptional regulation, translation
(15.93%), metabolism (12.36%), development
and ontogenesis (8.24%) and transport (8.24%).
Approximately 20% of the genes had unknown
function. According to the Encode ChromHMM results
of nine human cell lines, the majority of the 353 CpG
sites (76.2 %) were located in the promoter regions
of genes. Also, 57.2% of them were categorized as
active promoters (declared if it was found “active
promoter” in at least one of the nine analyzed cell
lines), while 19% were found to be “weak promoter”
(“weak promoter” in at least one of the nine analyzed
cell lines). One fourth (23.8%) of the CpG sites was
located in non-promoter regions such as enhancers,
insulators, transcribed and repressed regions (Supple
mentary Table 1).

Table 2 Significant DNA methylation alterations of agerelated CpG sites in CRC samples compared to normal tissue
cgID
cg06462291
cg06144905
cg10345936
cg13828047
cg11314684
cg00431549
cg14409958
cg00091693
cg17274064
cg22809047
cg00075967
cg06952310
cg02388150
cg03588357
cg26297688
cg04528819
cg26372517
cg08030082
cg05675373
cg10281002
cg06117855
cg09509673
cg14597908
cg27494383
cg21870884
cg25657834
cg22449114
cg04126866
cg25552492
cg08965235
cg06836772
cg02364642
cg18573383
cg12616277
cg17729667
cg04999691
cg12373771
cg02489552
cg25148589
cg21096399
cg20914508
cg12768605
cg13216057
cg12351433
cg08434234
cg10920957
cg27092035
cg06557358
cg26620959
cg07663789
cg09191327
cg25070637
cg10486998
cg24834740
cg27319898
cg08090772
cg02217159

P value

Gene symbol
NT5DC3
PIPOX
SLC36A2
MPI
AKT3
MGP
ENPP2
KRT20
ERG
RPL31
STRA6
NCAN
SFRP1
GPR68
TMEM263
KLF14
TFAP2E
POMC
KCNC4
TBX5
CLEC3B
CCR10
GNAS
LTK
GPR25
NTSR2
TCF15
C10orf99
LGI3
LTBP3
PRKAA2
ARHGEF25
KCNC2
ESYT3
NINL
ZBED6CL
CECR6
CCDC105
GRIA2
MCAM
GAP43
LYPD5
DKK3
LHCGR
DGKI
JPH3
ARL10
TMEM132E
SYNE1
NPR3
PRDM12
SDC2
GALR1
PPP1R16B
ZNF804B
ADHFE1
KHDRBS2

Dβ (CRC - N)
-6

3.81 × 10
1.81 × 10-7
2.49 × 10-5
1.78 × 10-5
4.55 × 10-5
0.020
0.021
0.010
1.48 × 10-4
1.91 × 10-3
0.010
7.13 × 10-3
3.33 × 10-3
7.72 × 10-3
6.21 × 10-3
0.036
9.23 × 10-3
1.93 × 10-3
7.80 × 10-3
0.012
1.87 × 10-3
1.91 × 10-4
1.48 × 10-4
9.32 × 10-3
5.77 × 10-3
4.43 × 10-3
3.48 × 10-5
4.52 × 10-4
9.44 × 10-3
3.12 × 10-3
0.013
1.20 × 10-3
1.38 × 10-3
0.015
3.46 × 10-3
3.32 × 10-11
3.70 × 10-3
8.91 × 10-8
7.77 × 10-6
5.47 × 10-6
4.24 × 10-4
1.85 × 10-4
2.10 × 10-4
4.97 × 10-7
5.16 × 10-5
3.00 × 10-4
3.73 × 10-5
3.17 × 10-6
1.32 × 10-6
8.73 × 10-6
1.79 × 10-6
1.64 × 10-6
1.81 × 10-8
3.56 × 10-12
5.41 × 10-8
7.18 × 10-14
6.67 × 10-13

-0.27
-0.22
-0.18
-0.17
-0.16
-0.12
-0.11
-0.11
-0.11
-0.10
-0.10
-0.10
0.10
0.10
0.10
0.10
0.11
0.11
0.11
0.11
0.11
0.11
0.11
0.12
0.13
0.13
0.13
0.13
0.14
0.14
0.14
0.16
0.16
0.16
0.16
0.16
0.17
0.17
0.19
0.19
0.20
0.21
0.21
0.22
0.23
0.26
0.27
0.27
0.30
0.31
0.31
0.34
0.35
0.37
0.38
0.39
0.43

In silico DNA methylation analysis

N: Normal; CRC: Colorectal cancer.

other genomic regions such as enhancers, insulators,
Polycomb-repressed regions. From the above 353 CpG
sites, DNA methylation levels of 193 were positively
[2]
and of 160 were negatively correlated with age .
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Analysis of the Illumnina Beadchip450K methylation
[24]
array data set of Luo et al
showed 137 (38.8%)
of the epigenetic clock CpG sites were found to be
significantly differentially methylated between CRC
and normal tissue samples (P < 0.05). Approximately
two third of these CpG sites had similar methylation
changes in CRC samples as during aging, while one
third of these CpG sites showed opposite alterations
in CRC tissue as during aging (Supplementary Table
1). Among these, 57 CpG sites showed at least
a 10% methylation difference: from the 57 CpG
sites 45 were hypermethylated (including ADHFE1/
cg08090772, MCAM/cg21096399, DKK3/cg13216057,
SFRP1/cg02388150, SYNE1/cg26620959), while 12
CpG sites showed hypomethylation (such as MGP/
cg00431549, PIPOX/cg06144905, STRA6/cg00075967,
ERG/cg17274064) in CRCs (P < 0.05, ∆β ≥ 10%)
(Table 2, Supplementary Table 1). In the adenoma vs
normal comparison, DNA methylation of 165 CpG sites
(46.7%) were significantly altered from which 70 CpG
sites showed a ≥ 10% methylation difference: 36 CpG
sites were hypermethylated (e.g., SDC2/cg25070637,
SFRP1/cg02388150, SYNE1/cg26620959) and 34
showed decreased methylation levels (including
CEMIP/cg20828084, SPATA18/cg03103192, STRA6/
cg00075967) in adenoma samples (P < 0.05, ∆
β ≥ 10%) (Table 3). In CRC samples 33 CpG sites
were found to be hypermethylated (such as KRT20/
cg00091693, STRA6/cg00075967, UROS/cg19346193)
and only one (LTBP3/cg08965235) was hypomethylated
compared to adenomas (P < 0.05, ∆β ≥ 10%) (Table 4).
A heatmap for the differentially methylated epigenetic
clock CpG sites (P < 0.05, ∆β ≥ 10%), with hierarchical
cluster analysis results of normal, adenoma and CRC
samples is shown in Figure 1.
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cg10486998
cg24834740
cg08090772
cg02217159

Table 3 Significant DNA methylation changes of age-related
CpG sites in adenoma samples compared to normal tissue
cgID
cg10345936
cg00091693
cg00075967
cg11314684
cg06462291
cg17099569
cg00168942
cg20828084
cg17274064
cg07408456
cg03019000
cg17589341
cg02580606
cg00436603
cg19346193
cg03103192
cg25564800
cg06144905
cg06952310
cg13038560
cg22190114
cg13302154
cg01262913
cg14258236
cg13828047
cg01459453
cg14894144
cg07337598
cg03270204
cg12946225
cg09646392
cg19305227
cg03578041
cg07455279
cg13899108
cg04999691
cg14597908
cg21870884
cg12616277
cg12373771
cg17729667
cg02364642
cg22449114
cg03565323
cg02388150
cg12768605
cg25657834
cg20914508
cg10281002
cg02489552
cg05675373
cg25148589
cg13216057
cg27092035
cg12351433
cg18573383
cg08434234
cg21096399
cg10920957
cg08965235
cg27319898
cg26620959
cg25070637
cg07663789
cg09191327
cg06557358

Gene symbol
SLC36A2
KRT20
STRA6
AKT3
NT5DC3
GLI2
GJD4
CEMIP
ERG
PGLYRP2
TEX264
SLC14A1
KRT33B
CYP2E1
UROS
SPATA18
KPNA1
PIPOX
NCAN
C2orf47
NLRP8
MGP
DSCR9
OR5V1
MPI
SELP
LAMA3
ANXA9
DDR1
HMG20B
TNFSF13B
SLC28A2
LARP6
NDUFA3
PDE4C
ZBED6CL
GNAS
GPR25
ESYT3
CECR6
NINL
ARHGEF25
TCF15
ZNF287
SFRP1
LO×L2
NTSR2
GAP43
TBX5
CCDC105
KCNC4
GRIA2
DKK3
ARL10
LHCGR
KCNC2
DGKI
MCAM
JPH3
LTBP3
ZNF804B
SYNE1
SDC2
NPR3
PRDM12
TMEM132E

P value

Dβ (AD - N)
-10

3.49 × 10
2.49 × 10-12
2.58 × 10-9
1.03 × 10-9
7.45 × 10-5
1.25 × 10-10
2.48 × 10-7
1.33 × 10-9
1.82 × 10-10
2.41 × 10-12
2.25 × 10-7
1.42 × 10-9
9.08 × 10-5
1.37 × 10-8
6.59 × 10-7
1.39 × 10-7
2.18 × 10-8
3.63 × 10-7
2.72 × 10-4
2.13 × 10-5
1.67 × 10-4
7.27 × 10-6
2.67 × 10-6
3.71 × 10-4
1.01 × 10-3
1.65 × 10-4
2.29 × 10-4
2.02 × 10-5
7.47 × 10-5
1.37 × 10-6
2.66 × 10-5
0.033
2.22 × 10-5
0.013
5.00 × 10-6
4.92 × 10-5
9.38 × 10-5
9.49 × 10-3
0.022
3.55 × 10-3
4.43 × 10-3
2.33 × 10-3
2.39 × 10-5
4.52 × 10-3
1.20 × 10-7
8.01 × 10-3
1.46 × 10-4
9.41 × 10-4
1.26 × 10-5
7.16 × 10-8
1.82 × 10-6
6.11 × 10-7
9.64 × 10-4
8.81 × 10-4
2.20 × 10-6
5.43 × 10-7
6.60 × 10-5
5.20 × 10-8
1.03 × 10-4
6.03 × 10-10
5.48 × 10-5
3.89 × 10-6
1.82 × 10-5
6.41 × 10-7
4.08 × 10-7
2.04 × 10-8
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-0.34
-0.30
-0.26
-0.26
-0.25
-0.23
-0.20
-0.19
-0.19
-0.19
-0.19
-0.19
-0.17
-0.16
-0.15
-0.15
-0.14
-0.14
-0.14
-0.13
-0.13
-0.13
-0.13
-0.12
-0.12
-0.12
-0.12
-0.12
-0.12
-0.11
-0.10
-0.10
-0.10
-0.10
0.10
0.10
0.10
0.11
0.12
0.12
0.13
0.14
0.14
0.14
0.15
0.15
0.16
0.16
0.17
0.18
0.18
0.18
0.18
0.19
0.20
0.21
0.22
0.22
0.25
0.25
0.26
0.29
0.30
0.31
0.31
0.33

GALR1
PPP1R16B
ADHFE1
KHDRBS2

2.61 × 10-9
2.23 × 10-9
5.19 × 10-11
1.87 × 10-11

0.36
0.36
0.39
0.41

N: Normal; Ad: Adenoma.

Table 4 Significant DNA methylation alterations of agerelated CpG sites in colorectal cancer samples compared to
adenoma tissue
cgID
cg08965235
cg00945507
cg15974053
cg24262469
cg07158339
cg11314684
cg03578041
cg17853587
cg07408456
cg02580606
cg03019000
cg27319898
cg00436603
cg15804973
cg06117855
cg24126851
cg16034652
cg01262913
cg26372517
cg03270204
cg17589341
cg22679120
cg20828084
cg19305227
cg00168942
cg13038560
cg26614073
cg19346193
cg00075967
cg03103192
cg10345936
cg17099569
cg04126866
cg00091693

Gene symbol

P value

Dβ (CRC - AD)

LTBP3
SEC61G
HSD17B14
TIPARP
FXN
AKT3
LARP6
NDST3
PGLYRP2
KRT33B
TEX264
ZNF804B
CYP2E1
MAP3K5
CLEC3B
DCHS1
UNC79
DSCR9
TFAP2E
DDR1
SLC14A1
SNX8
CEMIP
SLC28A2
GJD4
C2orf47
SCAP
UROS
STRA6
SPATA18
SLC36A2
GLI2
C10orf99
KRT20

9.09 × 10-4
1.64 × 10-5
2.27 × 10-3
5.33 × 10-8
1.84 × 10-7
4.52 × 10-4
2.57 × 10-9
5.94 × 10-4
1.51 × 10-7
1.22 × 10-4
5.39 × 10-5
0.023
1.97 × 10-6
6.27 × 10-12
1.73 × 10-7
3.58 × 10-8
4.23 × 10-11
1.64 × 10-8
9.80 × 10-6
4.24 × 10-7
7.35 × 10-10
8.16 × 10-9
2.00 × 10-8
1.11 × 10-6
1.18 × 10-7
8.96 × 10-8
1.33 × 10-9
2.09 × 10-8
4.87 × 10-7
6.07 × 10-12
4.09 × 10-6
9.04 × 10-7
4.23 × 10-10
1.17 × 10-8

-0.11
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.11
0.11
0.11
0.12
0.12
0.12
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.14
0.14
0.14
0.14
0.15
0.15
0.16
0.16
0.16
0.16
0.16
0.18
0.19

N: Normal; Ad: Adenoma; CRC: Colorectal cancer.

In silico gene expression analysis

Genes belonging to 353 age-related CpG sites were
mapped to 768 Affymerix transcript IDs. In the CRC
vs N comparison, 215 “epigenetic clock” genes were
found to be significantly differentially expressed (P <
0.05), of which 117 were altered with absolute logFC >
0.5 (70 upregulated such as ERG, MGP, MCAM, CEMIP
and 47 downregulated like SFRP1, KRT20, CLEC3B,
SYNE1) (Supplementary Table 2A). Expression of
196 “epigenetic clock” genes changed significantly (P
< 0.05) in adenoma samples compared to healthy
normal controls, 102 with absolute logFC higher than
0.5 (47 overexpressed such as CEMIP, PLK1, CCNF
and 55 underexpressed like SFRP1, SDC2, SYNE1)
(Supplementary Table 2B). Forty-three genes including
MCAM, MGP and AKT3 showed increased expression in
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Figure 1 DNA methylation heatmap of normal, adenoma and colorectal carcinoma samples according to the methylation status of age-related CpG
sites. From the 353 epigenetic clock CpG sites (cg IDs)[2] significantly differentially methylated in CRC vs normal, adenoma vs normal and CRC vs adenoma
comparisons were selected and colonic tissue samples (GSE48684[24]) were classified according to their methylation levels. The analyzed samples are illustrated on
X axis, significantly altered CpG sites (cg IDs) are represented on Y axis. DNA methylation intensities (β values) are visualized, red shows hypermethylation, while
hypomethylation was marked with green color. CRC: Colorectal carcinoma (light green); Ad: Adenoma (dark blue); N: Normal (light blue).

CRC compared to adenoma samples, while 17 genes
including CEMIP, SPATA18 were downregulated (P <
0.05, absolute logFC > 0.5) (Supplementary Table 2C).
For genes with an inverse relation between gene
expression and promoter methylation, the genes
with both significant mRNA expression changes with
absolute logFC > 0.5 and significant DNA methylation
alterations with at least 10% difference were taken into
consideration. Based on these criteria, eleven genes,
including ERG, MGP, PIPOX, CLEC3B, LTK, SFRP1 and
SYNE1 were found to be inversely expressed with
the promoter methylation status in CRC compared to
normal tissue. Compared to the promoter methylation
alterations, the expression of 8 genes, including
CEMIP, SPATA18, SDC2, SFRP1 and SYNE1 changed
oppositely in AD vs N comparison, while in CRC vs
AD tissues 3 genes, namely CEMIP, SPATA18 and
SLC28A2 showed this expression pattern. The genes
showing an inverse relation between gene expression
and DNA methylation in CRC vs normal, AD vs normal
and CRC vs AD comparisons are represented in Table 5.
In the comparison of healthy young colonic sam
ples and normal adult tissues, 150 genes showed
significantly altered expression from which 94 genes
with absolute logFC > 0.5 including overexpressed
LTBP3, REEP1, MGP, PLK1, SFRP1, SYNE1 and

WJG|www.wjgnet.com

downregulated PRKG2, PDCD6IP and TMEM56 (P
< 0.05) (Supplementary Table 2D). The pattern of
expression of several genes including SYNE1, CLEC3B,
LTBP3 (Figure 2) and SFRP1 (Figure 3A-C) was
similar for increased age as that observed for cancer
progression. However, there were some genes such
as MGP (Figure 2) which showed similar expression
pattern in young people and in cancer patients
compared to healthy adult tissue.

Whole promoter methylation status of genes showing
inverse relationship between gene expression and DNA
methylation

The DNA methylation status of whole promoter
regions of genes showing an inverse relation between
gene expression and DNA methylation (Table 5) was
determined using methyl capture sequencing data of 6
[12]
NAT, 15 adenoma and 9 CRC tissue samples . In the
CRC vs N/NAT comparison, similar DNA methylation
alterations (such as hypomethylated AKT3, MGP
promoters and hypermethylated PPP1R16B, SFRP1,
SYNE1 promoters) were observed in the promoter
regions of 7 of the 11 inversely expressed genes
(Table 6). Between adenoma and normal samples,
promoter regions of 7 of the 8 inversely expressed
genes showed DNA methylation differences (e.g.,
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Anova: 4.561e-16; Tukey: Ch vs N, Ch vs Ad, CRC vs N, Ad vs N, N vs CRC, Ad vs CRC < 0.04

Anova: 7.089e-15; Tukey: Ch vs N, Ch vs Ad, CRC vs N, Ad vs CRC < 0.035
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Figure 2 Genes showing both age- and carcinogenesis-related expression alterations. SYNE1 (spectrin repeat containing nuclear envelope protein 1), LTBP3
(latent transforming growth factor beta binding protein 3) and CLEC3B (C-type lectin domain family 3 member B) genes were downregulated during the colorectal
carcinogenesis, similar decreasing expression was found during aging (significantly higher mRNA levels were detected in young colonic samples than in healthy
adult biopsy specimens). MGP (matrix Gla protein) was overexpressed in children and in CRC samples compared to adenoma and healthy adults (P < 0.035), hence
its opposite expression was found during aging and colorectal carcinogenesis. X axis shows the analyzed sample groups, the normalized mRNA expression can be
seen on Y axis. Red dots indicate the normalized mRNA expression values, boxplots represent the medians and standard deviations. Ch: Children; N: Normal; Ad:
Adenoma; CRC: Colorectal cancer.

hypomethylated CEMIP/KIAA1199, SPATA18 pro
moters and hypermethylated DKK3, SDC2, SFRP1,
SYNE1 promoters) (Table 6) as detected in case of
age-related CpG sites. In CRC samples compared
to adenoma tissue, significant hypermethylation of
CEMIP/KIAA199 promoter could be demonstrated
in “epigenetic clock” CpG sites and whole promoter
methylation analyses (Table 6).

SFRP1 promoter methylation analysis in healthy
children, healthy adult, adenoma and CRC tissues

Based on the gene expression analysis results, SFRP1
was found to be overexpressed in normal adult samples
compared to adenoma and CRC biopsy specimens, and
in healthy young patients even higher SFRP1 mRNA
levels could be detected than in normal adult samples
(Figure 3A-C). As SFRP1 is proven to be a methylationregulated gene with literature data regarding its agerelated DNA methylation alterations, hence it was
chosen for detailed methylation analysis of normal,
premalignant and cancerous colonic specimens including
tissue samples from healthy children.
SFRP1 promoter sequences were highly methylated
in CRC samples (average methylation% = 55.0% ±
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8.4%) and in adenoma tissue (49.9% ± 18.1 %),
while low methylation levels could be measured in
colonic tissues of both healthy adults (5.2% ± 2.7%)
and children (2.2% ± 0.7%). Significant considerable
hypermethylation was found in SFRP1 promoter both
between CRC and adult normal and between CRC
and healthy children colonic tissue samples (P <
0.0001) (Figure 3D). In the healthy adult vs healthy
children comparison, significant, but moderate DNA
methylation alterations were detected: in adults higher
DNA methylation levels were found in the analyzed
region of SFRP1 promoter (P = 0.017) (Figure 3E).

SFRP1 protein expression in colonic tissue samples of
healthy normal children and adults

In healthy children samples the epithelial layer showed
strong (representative scoring values: +3 and +2),
diffuse SFRP1 expression both in cytoplasmic and
nuclear region (Q-score: 226.67 ± 17.51), whereas
the stromal cells showed heterogeneous protein
expression (scoring values: form +3 to 0; Q-score:
176.66 ± 18.61; ΣQ-score: 403.33 ± 22.51; Figure
4A). Among stromal cells subepithelial fibroblast and
several immune cells showed strong cytoplasmic
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Table 5 Genes showing inverse DNA methylation and gene expression data
Gene symbol

Gene name

DNA methylation

Gene expression

cg ID

P value

Dβ

Affymetrix ID

P value

LogFC

AKT serine/threonine kinase 3

cg11314684

4.55 × 10-5

-0.16

ERG

v-ets avian erythroblastosis virus E26
oncogene homolog

cg17274064

1.48 × 10-4

-0.11

MGP
PIPOX
CCR10
CLEC3B

Matrix Gla protein
Pipecolic acid and sarcosine oxidase
C-C motif chemokine receptor 10
C-type lectin domain family 3 member
B
Leukocyte receptor tyrosine kinase

cg00431549
cg06144905
cg09509673
cg06117855

0.020
1.81 × 10-7
1.91 × 10-4
1.88 × 10-3

-0.12
-0.22
0.11
0.11

224229_s_at
222880_at
212609_s_at
212607_at
211626_x_at
241926_s_at
213541_s_at
202291_s_at
221605_s_at
220565_at
205200_at

0.015
2.26 × 10-3
4.72 × 10-4
9.76 × 10-4
5.84 × 10-4
2.05 × 10-5
4.69 × 10-9
2.34 × 10-11
0.019
0.010
1.45 × 10-13

0.07
0.61
0.62
0.64
0.20
0.64
1.08
1.97
0.50
-0.51
-1.79

cg27494383

9.32 × 10-3

0.12

Protein phosphatase 1 regulatory
subunit 16B
Protein kinase AMP-activated catalytic
subunit alpha 2
Secreted frizzled related protein 1

cg24834740

3.56 × 10-12

0.37

cg06836772

0.013

0.14

cg02388150

3.33 × 10-3

0.10

Spectrin repeat containing nuclear
envelope protein 1

cg26620959

1.32 × 10-6

0.30

217184_s_at
207106_s_at
41577_at
212750_at
227892_at
238489_at
202036_s_at
202037_s_at
202035_s_at
209447_at

2.14 × 10-11
2.00 × 10-5
1.76 × 10-4
7.68 × 10-3
4.15 × 10-3
4.67 × 10-3
8.66 × 10-8
3.98 × 10-5
0.039
4.27 × 10-5

-1.32
-0.75
-0.79
-0.48
-0.87
-0.22
-1.47
-1.11
-0.28
-0.63

Cell migration inducing hyaluronan
binding protein
5'-nucleotidase domain containing 3
Spermatogenesis associated 18

cg20828084

1.33 × 10-9

-0.17

cg06462291
cg03103192

7.45 × 10-5
1.39 × 10-7

-0.25
-0.15

cg13216057

9.64 × 10-4

0.18

cg24834740

2.23 × 10-9

0.36

SDC2

Dickkopf WNT signaling pathway
inhibitor 3
Protein phosphatase 1 regulatory
subunit 16B
Syndecan 2

cg25070637

1.82 × 10-5

0.30

SFRP1

Secreted frizzled related protein 1

cg02388150

1.20 × 10-7

0.15

SYNE1

Spectrin repeat containing nuclear
envelope protein 1

cg26620959

3.89 × 10-6

0.29

1554685_a_at
212942_s_at
218786_at
230723_at
229331_at
202196_s_at
214247_s_at
41577_at
212750_at
212158_at
212157_at
212154_at
202036_s_at
202037_s_at
202035_s_at
209447_at

1.71 × 10-11
2.41 × 10-43
6.83 × 10-9
4.41 × 10-5
1.20 × 10-10
9.82 × 10-5
1.52 × 10-4
1.20 × 10-10
3.28 × 10-7
1.74 × 10-10
2.14 × 10-8
9.19 × 10-5
3.62 × 10-13
4.43 × 10-11
0.016
5.76 × 10-15

1.12
6.88
0.76
0.45
1.50
-0.65
-0.50
-1.44
-0.81
-1.17
-0.66
-0.64
-1.79
-1.48
-0.32
-1.19

Cell migration inducing hyaluronan
binding protein
Solute carrier family 28 member 2
Spermatogenesis associated 18

cg20828084

2.00 × 10-8

0.14

212942_s_at

9.88 × 10-3

-1.17

cg19305227
cg03103192

1.11 × 10-6
6.07 × 10-12

0.14
0.16

207249_s_at
229331_at
230723_at

0.027
3.52 × 10-9
7.35 × 10-4

-1.24
-1.73
-0.41

CRC vs N
AKT3

LTK
PPP1R16B
PRKAA2
SFRP1

SYNE1
AD vs N
CEMIP
NT5DC3
SPATA18
DKK3
PPP1R16B

CRC vs AD
CEMIP
SLC28A2
SPATA18

N: Normal; Ad: Adenoma; CRC: Colorectal cancer.

and/or nuclear SFRP1 expression. Not significantly,
but remarkably lower (representative scoring value:
+2) SFRP1 protein expression was detectable both
in epithelial (Q-score: 202.14 ± 24.12) and stromal
component (140.71 ± 41.47; Σ Q-score: 351.42 ±
68.66; Figure 4B) of adult persons (P values: 0.063,
0.073 and 0.105 respectively).

DISCUSSION
[3]

Cancer is considered a primary age-related disease ,
and therefore age-related molecular changes including

WJG|www.wjgnet.com

epigenetic alterations such as epigenetic drift and
[1,2]
epigenetic clock
necessarily show relationship
with carcinogenesis-associated differences. Besides
global hypomethylation, local, genomic site specific
hypermethylation principally in the promoter regions
of tumor suppressor genes can occur during both
[6-8]
processes .
In this study, the potential correspondence
between age-related and CRC-associated DNA
methylation changes was studied using the 353
[2]
epigenetic clock CpG sites published by Horvath as
a model for age-related DNA methylation changes.
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Table 6 Whole promoter methylation status of genes with inverse age-related CpG site DNA methylation and gene expression data
Gene symbol

DNA methylation on age-related CpG site

Whole promoter DNA methylation status

cg ID

P value

Dβ

Start-Stop position

P value

Dβ

cg11314684
cg17274064
cg00431549
cg09509673

4.55 × 10-5
1.48 × 10-4
0.020
1.91 × 10-4

-0.16
-0.11
-0.12
0.11

PPP1R16B

cg24834740

3.56 × 10-12

0.37

SFRP1

cg02388150

3.33 × 10-3

0.10

SYNE1

cg26620959

1.32 × 10-6

0.30

chr1:244005801-244005900
chr21:39871501-39871600
chr12:15038501-15038600
chr17:40835101-40835200
chr17:40835201-40835300
chr20:37433201-37433300
chr20:37434701-37434800
chr20:37435301-37435400
chr8:41166001-41166100
chr8:41166101-41166200
chr8:41166201-41166300
chr8:41166301-41166400
chr8:41166401-41166500
chr8:41166501-41166600
chr8:41166601-41166700
chr8:41166901-41167000
chr6:152622201-152622300
chr6:152957601-152957700
chr6:152957701-152957800
chr6:152958101-152958200

6.56 × 10-3
0.044
0.030
0.045
0.022
3.76 × 10-3
0.048
0.042
0.017
1.31 × 10-4
3.40 × 10-3
0.014
1.28 × 10-3
0.027
0.034
0.042
0.027
0.032
0.043
2.86 × 10-4

-0.33
-0.21
-0.27
0.18
0.26
0.35
0.40
0.37
0.44
0.56
0.49
0.27
0.53
0.44
0.39
0.41
0.35
0.39
0.40
0.65

AD vs N
CEMIP
SPATA18
DKK3

cg20828084
cg03103192
cg13216057

1.33 × 10-9
1.39 × 10-7
9.64 × 10-4

-0.17
-0.15
0.18

PPP1R16B

cg24834740

2.23 × 10-9

0.36

SDC2

cg25070637

1.82 × 10-5

0.30

SFRP1

cg02388150

1.20 × 10-7

0.15

chr15: 81070701-81070800
chr4:52915901-52916000
chr11:12029701-12029800
chr11:12029801-12029900
chr11:12029901-12030000
chr11:12030001-12030100
chr11:12030401-12030500
chr11: 12030501-12030600
chr20:37434201-37434300
chr20:37434601-37434700
chr20:37434701-37434800
chr20:37434801-37434900
chr20:37434901-37435000
chr20:37435001-37435100
chr20:37435101-37435200
chr20:37435201-37435300
chr20:37435301-37435400
chr8:97505901-97506000
chr8:97506101-97506200
chr8:97506201-97506300
chr8:97506301-97506400
chr8:97506401-97506500
chr8:97506601-97506700
chr8:97506701-97506800
chr8:97506801-97506900
chr8:97507101-97507200
chr8:97507201-97507300
chr8:97507301-97507400
chr8:41165901-41166000
chr8:41166001-41166100
chr8:41166101-41166200
chr8:41166201-41166300
chr8:41166301-41166400
chr8:41166401-41166500
chr8: 41166501-41166600
chr8:41166601-41166700
chr8:41166701-41166800
chr8:41166801-41166900
chr8:41166901-41167000
chr8:41167001-41167100
chr8:41167101-41167200
chr8:41167201-41167300

0.028
0.042
3.11 × 10-3
1.67 × 10-3
8.08 × 10-5
0.047
7.38 × 10-3
0.012
0.045
0.022
0.013
6.87 × 10-3
1.70 × 10-3
1.93 × 10-3
6.49 × 10-3
8.93 × 10-4
0.014
2.30 × 10-3
1.96 × 10-4
8.43 × 10-4
0.012
0.019
3.99 × 10-3
0.021
0.014
0.015
0.010
3.47 × 10-3
2.30 × 10-3
1.57 × 10-3
3.54 × 10-4
1.49 × 10-4
6.54 × 10-3
1.32 × 10-5
2.30 × 10-3
5.45 × 10-3
8.15 × 10-3
0.032
0.019
0.046
0.025
0.024

-0.25
-0.23
0.26
0.33
0.56
0.15
0.28
0.28
0.26
0.39
0.39
0.30
0.44
0.45
0.35
0.51
0.42
0.59
0.65
0.63
0.49
0.47
0.51
0.45
0.52
0.44
0.52
0.59
0.59
0.59
0.56
0.60
0.27
0.55
0.60
0.57
0.51
0.39
0.45
0.34
0.41
0.40

CRC vs N
AKT3
ERG
MGP
CCR10
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SYNE1

cg26620959

3.89 × 10-6

0.29

chr6:152702701-152702800
chr6:152702801-152702900
chr6:152957501-152957600
chr6:152957601-152957700
chr6:152957701-152957800
chr6:152957801-152957900
chr6:152957901-152958000
chr6:152958001-152958100
chr6:152958101-152958200

0.012
0.035
6.05 × 10-4
2.34 × 10-4
0.017
1.09 × 10-3
1.03 × 10-4
7.13 × 10-4
1.72 × 10-5

0.20
0.21
0.37
0.60
0.51
0.42
0.57
0.43
0.72

CRC vs AD
CEMIP

cg20828084

2.00 × 10-8

0.14

chr15:81070701-81070800
chr15:81070801-81070900

7.59 × 10-4
0.011

0.31
0.36

Only significant promoter DNA methylation alterations are represented in the Table. P < 0.05.

mRNA expression level

A

B

202035_s_at-SFRP1
6

C

202036_s_at-SFRP1

7

7

5

6

6

4

5

5

4

4

3

3

3

2
Ch

N

Ad   

CRC

202037_s_at-SFRP1

2
Ch

N

Ad   

Anova: 5.545e-06; Tukey: Ch vs N, Ch vs Ad,

Anova: 2.599e-15; Tukey: Ch vs Ad,

CRC vs N, Ad vs N < 0.05

CRC vs N, Ad vs N, N vs CRC < 0.0003

D

E

Ch

CRC

N

Ad   

CRC

Anova: 1.438e-13; Tukey: Ch vs N, Ch vs Ad,
CRC vs N, Ad vs N, N vs CRC < 0.005

8

DNA methylation level (%)

7
60

6
5

40

4
3

20

2
1

0
Ch

N

Ad

CRC

Ch

Anova: < 2.2e-16; Tukey: Ch vs Ad, Ch vs CRC, N vs Ad, N vs CRC < 0.0001

N
   Welch t -test: 0.017

Figure 3 SFRP1 mRNA expression and promoter DNA methylation alterations during aging and in different stages of colorectal carcinogenesis.
SFRP1 mRNA expression was significantly downregulated in adenoma and CRC samples compared to normal controls in case of all three Affymetrix probeset IDs
representing SFRP1 [202035_s_at: P < 0.05 (A); 202036_s_at: P < 0.0003 (B); 202037_s_at: P < 0.005 (C)]. In colonic biopsy samples of healthy young patients,
higher SFRP1 mRNA levels could be measured than in normal adults samples, this overexpression was proven to be significant in two of three transcript IDs
[202035_s_at: P < 0.05 (A); 202037_s_at: P < 0.005 (C)]. SFRP1 promoter region was significantly hypermethylated in CRC and adenoma tissue samples compared
to normal adult and young colonic tissue (P < 0.0001) (D). In pairwise comparison, DNA methylation of SFRP1 promoter was slightly, but significantly increased in
healthy adults compared to normal young samples (P < 0.02) (E). The analyzed sample groups are illustrated on X axis, the normalized mRNA expression (A, B,
C) and percentage of SFRP1 promoter methylation (D, E) are represented on Y axis. Red dots indicate the normalized mRNA expression values (A, B, C) and the
normalized DNA methylation percentage values (D, E), respectively. Boxplots represent the medians and standard deviations. Ch: Children; N: Normal; Ad: Adenoma;
CRC: Colorectal cancer.

With the analysis of methyl capture sequencing and
Illumina BeadChip450K methylation array data, the
methylation status of age-related CpG sites and
genes was determined during CRC development
and progression, and the relevant mRNA expression
changes were also evaluated. Among the differentially
methylated/expressed age-related genes, SFRP1
promoter methylation was further analyzed in healthy,
premalignant and cancerous colonic tissue samples,
including biopsy specimens from young children.

WJG|www.wjgnet.com

[29]

Similarly to previous findings , DNA methylation
alterations in a considerable proportion of age-related
CpG sites/gene promoters (approximately 40%) were
observed in samples representing different stages of
CRC formation and progression. Approximately two
third of these CpG sites had similar DNA methylation
alterations in CRC compared to normal tissue samples
as during aging. When the effect of DNA methylation
of epigenetic clock genes was studied, whole promo
ter methylation was also observed in addition to the
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A

50 mm

B

50 mm

Figure 4 SFRP1 protein expression in colonic tissue samples of healthy normal children and adults. Strong/moderate cytoplasmic and nuclear SFRP1
expression both in epithelial and stromal compartments of healthy children (A) and healthy adult (B) samples. Digital microscopic images; magnification × 40; scale:
50 μm.

analysis of DNA methylation status of representing
age-related CpG sites.
In accordance with our results, hypermethylation
of several genes belonging to aging-associated CpG
[7,12,15,18-23]
[30]
[31]
sites such as SFRP1
, TFAP2E , TBX5 ,
[32]
[18,33]
[34]
[35-37]
[38,39]
GNAS , DKK3
, DGKI , SYNE1
, SDC2
,
[40-42]
ADHFE1
was observed in tissue and/or blood
samples of CRC patients. SFRP1 tumor suppressor
protein with a putative Wnt-binding site impedes the
frizzled ligand - Wnt receptor interaction. Its reduced
expression caused by promoter hypermethylation
can lead to constitutive activation of Wnt pathway
which is best characterized signaling pathway in CRC
[7,12,15,18-23,43]
[15]
pathogenesis
. Worthley et al
showed
strong positive correlation between SFRP1 methylation
and age (Spearmen’s rank P = 0.72, P < 0.0001) on
a set of 166 CRC tissue samples from adults [median
age: 61.2 years (22.8-89.2 years)]. In this study,
the increase of SFRP1 methylation during the aging
was also observed, moreover to our best knowledge,
we provide the first evidence of significantly lower
SFRP1 methylation levels in children (under 18 years)
compared to healthy adult colonic tissues. Preliminary
results of methylation-sensitive restriction enzyme
methylation array analysis of our reseach groups
suggested SFRP1 hypomethylation in young colonic
tissue samples, though the high standard deviations
of methylation percentages and the low samples size
[18]
limited our conclusions . In accordance with the DNA
methylation data, elevated mRNA and protein levels
could be detected in colonic tissues of normal children
compared to adults.
Dickkopf Wnt signaling pathway inhibitors including
DKK3 are also frequent targets of epigenetic silencing
in gastrointestinal tumors promoting carcinogenesis by
[33]
loss of/reduction their expression . Hypermethylated
syndecan 2 (SDC2) is a potential biomarker for early
CRC detection both in serum and tissue, although the
gene silencing effect of elevated promoter methylation
[44]
is not unambiguous according to the literature data ,
moreover some observations support its tumorigenic

WJG|www.wjgnet.com

[45]

activity in CRC . Hypermethylation of spectrin repeat
containing nuclear envelope protein 1 (SYNE1) suggests
[37]
its tumor suppressor function in CRC , which was
[35,36]
detected not only in CRC tissue samples
, but it
appears to be a promising marker for blood-based CRC
[37]
detection . Alcohol dehydrogenase, iron containing
1 (ADHFE1) promoter hypermethylation was found to
[41]
be associated with CRC differentiation , furthermore
it is involved in cell proliferation induction by alcohol in
[46]
colon carcinoma cells .
In the case of some genes like AKT3, CEMIP and
DDR1, promoter hypomethylation was observed in
different types of cancers such as breast cancer, lung
[47-49]
cancer and CRC
. PI3K/Akt pathway is thought
to be the most commonly activated intracellular
[50]
signaling pathway in human malignancies . AKT
kinases including AKT3 are remarkable contributors
to malignant diseases as they are involved in the
regulation of cell proliferation, growth and survi
[50,51]
val
. Hypomethylation and overexpression of the
cell migration-inducing protein (CEMIP/KIAA1199)
[49,52]
was previously described in CRC
. In our study,
hypomethylation of this gene could be detected mainly
in adenoma samples, however a slight but significant
decrease in methylation level was observed in CRC
samples compared to normal controls. In accordance
with the methylation data, strong upregulation of
CEMIP mRNAs was shown both in adenoma and CRC
samples with higher expression values in adenoma
[53,54]
tissue
. Due to its robust overexpression at mRNA
and also at protein levels, CEMIP is considered as a
candidate prognostic marker for CRC and a potential
[55]
therapeutic target . CEMIP facilitates colon cancer
[49]
cell proliferation via enhancing Wnt signaling
and
[55]
promotes tumor growth
and cancer dissemination
[56]
under hypoxic conditions .
In conclusion, our results regarding DNA me
thylation alterations of age-related, epigenetic clock
genes during colorectal carcinogenesis supports
the concept that aging is one of the main factors
predisposing cancer including CRC. Several age-
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related DNA methylation alterations could be observed
during development and progression of CRC affecting
the mRNA expression of certain CRC- and adenomarelated key control genes. The main CRC-associated
signal transduction pathways, such as WNT signaling
and PI3K/Akt pathways are also influenced during
aging.
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Abstract
AIM
Toll like receptors plays a significant anti-viral role in
different infections. The aim of this study was to look
into the role of toll like receptor 4 (TLR4) in hepatitis B
virus (HBV) infection.
METHODS
Real time PCR was used to analyze the transcription
of TLR4 signaling molecules, cell cycle regulators and
HBV DNA viral load after triggering the HepG2.2.15
cells with TLR4 specific ligand. Nuclear factor (NF)-κB
translocation on TLR4 activation was analyzed using
microscopic techniques. Protein and cell cycle analysis
was done using Western Blot and FACS respectively.
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RESULTS
The present study shows that TLR4 activation represses
HBV infection. As a result of HBV suppression, there
are several changes in host factors which include partial
release in G1/S cell cycle arrest and changes in host
epigenetic marks. Finally, it was observed that anti-viral
action of TLR4 takes place through the NF-κB pathway.
CONCLUSION
The study shows that TLR4 activation in HBV infection
brings about changes in hepatocyte microenvironment
and can be used for developing a promising therapeutic
target in future.
Key words: Hepatitis B virus; Toll like receptor 4; Cell
cycle; Epigenetic marks; Innate immune response
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The study delves into the role of toll like
receptor 4 (TLR4) in hepatitis B virus (HBV) infection.
Inciting TLR4 brings about drastic changes in viral
and host responses in hepatocyte niche. Stimulating
TLR4 represses viral replication and alters important
host gene expression. Virus induced G1/S cell cycle
arrest is partially released on viral elimination which
is corroborated with the expression of chief cell cycle
regulators. Further, we have observed activation
of epigenetic signatures H3K9Ac/H3K18Ac, on viral
suppression post TLR4 activation. Thus, this work is
important in perspective of the role of TLR4 during HBV
infection in hepatocyte microenvironment.
Das D, Sarkar N, Sengupta I, Pal A, Saha D, Bandopadhyay
M, Das C, Narayan J, Singh SP, Chakravarty R. Anti-viral
role of toll like receptor 4 in hepatitis B virus infection: An in
vitro study. World J Gastroenterol 2016; 22(47): 10341-10352
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i47/10341.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i47.10341

INTRODUCTION
Hepatitis B viral infection is a major global health
problem. Hepatitis B virus (HBV) causes liver diseases in
humans with variable degree of severity, which mostly
depends on the strength of the host immune response
against the virus. Though a large number of anti-HBV
drugs and effective vaccines are available, Hepatitis B
[1]
infection continues to pose a severe threat worldwide .
Toll like receptors (TLRs) are pattern recognition
receptors, which are responsible for limiting the spread
of pathogen by initiating an innate immune response,
[2]
and promoting effective adaptive immune response .
Since, TLRs are weakly activated in HBV infection;
several studies have shown that experimental activation
of the TLRs using its specific ligands can be effective in
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[3-6]

HBV suppression, both in vitro and in vivo . TLR4 is a
cell surface receptor and initiates crucial innate immune
[7]
response pathways . Bacterial endotoxin liposaccharide
[8]
are well-recognized TLR4 ligands . Previous studies
have shown that TLR4 plays crucial role in initiating an
innate immune response against HBV and the virus
strategically target this receptor to evade immune
[9]
response . An earlier report showed that saturated fatty
acid serving as a potential ligand for TLR4 activated TLR4
pathway and accelerate the mechanism of inhibiting
[10]
HBV viremia . TLR4 and the signaling molecules
participate in the pathogenesis of HBV related advanced
[11]
liver diseases like liver cirrhosis and HCC .
The present study focuses on the role of TLR4 in HBV
infection. Triggering TLR4 with its specific ligand activates
a cascade of immune pathways and production of
relevant inflammatory cytokines. This in turn represses
the HBV infection and results in the release of G1/S
arrest allowing the progression of host cell cycle stages.
Epigenetic transcription activation marks like H3K9Ac
and H3K18Ac that remain suppressed by the infection,
is significantly restored on viral evasion. It was also
investigated that the anti-viral activity of TLR4 is probably
executed through the nuclear factor-κB (NF-κB) pathway.
Taken together this study indicates that activation of
TLR4 exhibits viral clearance by modulating several host
factors. Thus, immuno-targeting of TLR4 could be a
novel mechanism in treatment of hepatitis B infection.

MATERIALS AND METHODS
Study subjects

A total of 8 liver biopsy samples from patients with
chronic HBV infection were collected from Kalinga
Gastroenterology Foundation (Cuttack, Orissa, India).
Signed informed consent was obtained from patients
and the study was approved by the institutional ethical
committee. The diagnosis of patients with CHB was
conformed according to the AASLD guidelines 2009.
Control human liver total RNA was purchased
commercially from Ambion with a concentration of 1
mg/mL (AM7960). The RNA was extracted from the
liver tissue of a patient having no history of HBV, HCV
or HIV infection.

Cell culture

Hepatoblastoma cell lines HepG2 and HepG2.2.15 was
maintained and plated in Dulbecco’s Modified Eagle
Medium (DMEM) and Roswell Park Memorial Institute
(RPMI 1640) media in 10% Fetal Bovine Serum in a 5%
CO2 humidifier incubator at 37 ℃.

Synthetic ligand for TLR4 stimulation

TLR4 signaling pathway was stimulated with its
synthetic ligand LPS-B5 Ultrapure (Invivogen San Diego,
CA, United States). Previous studies have used this
[12]
ligand to trigger TLR4 pathway to combat infections .
Cell culture supernatant was collected from HepG2.2.15
cells after treatment with 1, 2 and 4 µg/mL of LPS-B5
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Ultrapure for 72 h.

Analysis of HBV particles

Total DNA was extracted using Qiagen Blood minikit (Hilden, Germany). HBV viral load was quantified
by real-time TaqMan PCR assay from the culture
supernatant using NIBSC standards as described
[13]
earlier . HBeAg and HBsAg levels were analyzed
by using commercial ELISA kits (Diasorin, S.P.A.,
Saluggia, Italy).

Chemical inhibitors

For pathway screening, HepG2.2.15 cells were
stimulated with 4 µg/mL of LPS-B5 Ultrapuresingly
or in conjunction with various inhibitors purchased
from Sigma-Aldrich (St. Louis, MO, United States). 10
µmol/L NF-κB pathway inhibitor PDTC, 25 µg/mL of
SP600125 (MAPK/JNK pathway inhibitor), 2 µmol/L of
LY294002 (inhibitor of PI3K) and 10 µmol/L SB203580
(MAPK/p38 pathway inhibitor) were used.

RT-PCR analysis

Total RNA was extracted from liver biopsy specimens
for the relative p53 expression. For the RNA expression
6
from HepG2 and HepG2.2.15 cells, 1 × 10 cells were
plated in 6-well plate for the different experiments.
For the mRNA expression of TLR4, different cell cycle
regulators and the different TLR4 signaling molecules
from HepG2/HepG2.2.15 cells, total RNA was treated
with DNase and was reverse transcribed with random
hexamers using Revert Aid first-strand cDNA synthesis
kit (MBI Fermentas). Real time PCR was performed
in ABI 7200 SDS (Applied Biosystems, Foster City,
CA, United States) using Power SYBR Green (Applied
Biosystems). The target mRNA was relatively
quantified and was normalized to the internal control
(GAPDH). The PCR cycle number (CT) at which the
exponential growth in the fluorescence from the dye
(SYBR Green) passes a certain threshold was used
-ΔΔCT
to calculate the relative gene expression. 2
was
calculated to represent the relative quantification of
the gene, where ΔCT (CT-target gene - CT-GAPDH).
ΔΔCT= ΔCT (Experiment) - ΔCT (Control). Real time PCR
was performed in triplicates for all the samples.
Primer sequences used in the paper are as follows:
GAPDH: FP-5’-AATCCCATCACCATCTTCCA-3’
RP-5’-TGGACTCCACGACGTACTCA-3’
TLR4: FP-5’-AGGATGATGCCAGGATGATGTC-3’
RP-5’-TCAGGTCCAGGTTCTTGGTTGAG-3’
p53: FP-5’-CCCAAGCAATGGATGATTTGA-3’
RP-5’-GGCATTCTGGGAGCTTCATCT-3’
p21: FP-5’-GGACAGCAGAGGAAGAC-3’
RP-5’-GGCGTTTGGAGTGGTAGAAA-3’
Rb: FP-5’-CGGGAGTCGGGAGAGGACGG-3’
RP-5’-CGAGAGGCAGGTCCTCCGGG-3’
Cyclin D1: FP-5’-AGCTCCTGTGCTGCGAAGTGGAAAC-3’
RP-5’-AGTGTTCAATGAAATCGTGCGGGGT-3’
Cyclin E: FP-5’-CAGCACTTTCT TG AGCAACACCCTC-3’
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RP-5’-TCTCTAT GTCGCACCACTGATACCC-3’
Cyclin B1: FP-5’-AAGAGCTTTAAACTTTGGTCTGGG-3’
RP-5’-CTTTGTAAGTCCTTGATTTACCATG-3’
Cyclin A: FP-5’GCATGTCACCGTTCCTCCTT-3’
RP-5’CAGGGCATCTTCACGCTCTAT-3’
MyD88: FP-5’-AAGTTATTT GTTTACAAACAGCGACCA-3’
RP-5’-GGA AGAATGGCAAATATCGGCT-3’
Traf 6: FP-5’-GCCCAGGCTGTTCATAGTTT-3’
RP-5’-CAAGGGAGGTGGCTGTCATA-3’
TRIF: FP-5’-ACGCCATAGACCACTCAGCTTTCA-3’
RP-5’-AGGTTGCTCATCATGGCTTGGTTC-3’
IRF3: FP-5’-TCTTCCAGCAGACCATCTCC-3’
RP-5’-TGCCTCACGTAGCTCATCAC-3’
IRF7: FP-5’-CAGATCCAGTCCCAACCAAG-3’
RP-5’-GTCTCTACTGCCCACCCGTA-3’
TBK1: FP-5’-AGCGGCAGAGTTAGGTGAAA-3’
RP-5’-CCAGTGATCCACCTGGAGAT-3’
JNK: FP-5’-GTACTTGTATGAAACCACCTTTCT-3’
RP-5’-AGCATCTCTTTCTGAATCTATGAAG-3’
p38: FP-5’-TCTGCTTACCCTTCACCTTTG-3’
RP-5’-CACATCCTCACTCTGCTAGAAAT-3’
PI3K: FP-5’-AAGGGTGCTAAAGAGGAACAC-3’
RP-5’-CATGAGGTACTGGCCAAAGAT-3’
NF-κB: FP-5’-CGCATCCAGACCAACAACA-3’
RP-5’-TGCCAGAGTTTCGGTTCAC-3’

Western blot analysis

For western blotting, cells were harvested and lysed
with Laemelli buffer containing 120 mMTris-HCl (pH
6.8), 20% glycerol and 4% SDS. Equal amounts
of protein was run in a SDS PAGE and transferred
on Nitrocellulose membrane (Millipore). Following
incubation with primary antibody (overnight at 4 ℃)
and HRP conjugated secondary antibody (3 h at
room temperature), the blots were developed using
chemiluminescent substrate (Millipore). Densitometry
measurements of bands were used for quantification
of each marker by integrating each peak in Image J
software.
Antibodies used are as follows:
Anti-H3K27me3 - 1:500(ACTIVE MOTIF: 39155)
Anti-H3K39me3 - 1:1000 (ACTIVE MOTIF: 39161)
Anti-H3K4me3 - 1:500 (ACTIVE MOTIF: 39159)
Anti-H3K36me3 - 1:500 (ABCAM: ab9050)
Anti-H3K9Ac - 1:1000 (MILLIPORE, 07-352)
Anti-H3K18Ac - 1:500(ACTIVE MOTIF: 39587)
Anti-H3 - 1:10000 (ABCAM: ab10799)
Anti-p53 - 1:5000 (SANTA CRUZ: SC-126)
Anti-NF-κB - 1:1000 (e-Bioscience14-6731-81)
Anti-β-actin - 1:2000 (Sigma: A2228-100UL)
Anti-Rabbit IgG-HRP - 1:10000 (SIGMA: A1949
Anti-Mouse IgG-HRP - 1:5000 (PROMEGA: W402B)

Confocal imaging to detect NF-κ B nuclear translocation

HepG2.2.15 cells were grown on coverslips and treated
with 4 µg/mL of LPS-B5 Ultrapure as stated earlier. The
cells were washed with phosphate buffered saline (PBS)
three times and then fixed with 4% Paraformaldehyde
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(Sigma) in PBS for 10 min at room temperature (RT).
Cells were washed thrice with PBS and permeabilized
with 1% Triton X-100 in PBS for 10 min at RT, washed
with PBS thrice followed by blocking with 3% BSA in
PBS for 1 h at RT. Cells were incubated with Anti-NFκB [1:1000 (e-Bioscience14-6731-81) for 1 h at RT,
washed thrice with PBST (PBS + 0.05% Tween20) and
then incubated with secondary antibody (Alexa-Fluor
anti-rabbit 488 (1:1000), Invitrogen) for 1 h in dark
at RT, followed by three washes with PBST. Coverslips
were then mounted with mounting media containing
DAPI (Sigma Aldrich). Fluorescence for Alexa and DAPI
was visualized with Nikon Ti-E confocal microscope
with A1RMP scanner head equipped with Nikon
imaging software (NIS).

Cell cycle analysis

For cell cycle analysis, the cells were harvested and
re-suspended in phosphate buffered saline (PBS).
The cells were then fixed by adding double volume of
chilled 70% ethanol (Merck) drop wise, with continuous
vortexing. After incubating the mixture overnight at
-20 ℃, it was spinned and the cells were resuspended
in 500 µL of PBS. The cells were then incubated with
RNaseA (0.2 mg/mL) for 30 min followed by Propidium
Iodide (50 µg/mL) (Sigma) at 37 ℃ for 1 h. Flow
cytometric data acquisition was performed on BD FACS
Calibur platform for 10000 events of each sample.

MTT assay

Cell proliferation was measured by MTT assay.
HepG2.2.15 cells were plated in a 6 well format with
6
a seeding density of 1 × 10 cells/well and grown
in RPMI 1640 supplemented with 10% FBS. After
24 h, the media was removed and replaced with
fresh media and treated with LPS-B5 Ultrapure.
The plates were incubated at 37 ℃ in a humidified
atmosphere of 5% CO2 for 72 h. At indicated timepoints, relative cell numbers were determined by
incubating cells with MTT3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide. The absorbance
was taken at 570 and 650 nm. All experiments were
performed in triplicates.

Cytokine bead array

Cytokines were screened from the supernatant of
the HepG2.2.15 cells treated with 4 µg/mL of LPS-B5
Ultrapure (seeded in 6 well plate with a seeding
6
density of 1 × 10 cells/well) using cytokine bead array
(CBA, BD Biosciences). The assay was conducted using
25 µL of sample and using a 10-point standard curve
(ranging from 0 to 5000 pg/mL) was included for each
cytokine measured (IL-6, IL-8, IL-10, IL-1β, IL-12p70
and Human TNF). The samples were analyzed using
a BD Accuri C6 flow cytometer (BD Bioscience). FCAP
Array software (BD version 3.1) was used to create
the standard curves for each cytokine and convert the
fluorescent MFI values into cytokine concentrations.
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Statistical analysis

All data are expressed as mean ± standard deviation
(SD) from at least three separate experiments. The
differences between groups were analyzed using
unpaired 2-tailed Student’s t-test. Differences were
estimated at a statistical significance of P < 0.05.

RESULTS
Previous reports have shown that TLR4 expression
remains down regulated in HepG2.2.15 cells compared
[14]
to HepG2 cells . This was re-affirmed in our study
(Figure 1A). TLR4 activation using LPS significantly
decreased the HBV DNA viral load and proteins (HBsAg
and HBeAg) in a dose dependent manner. The most
effective dose of LPS, which repressed HBV replication,
was observed to be 4 µg/mL (Figure 1B-D). Since,
there was a marked reduction in HBV viremia and viral
proteins (HBsAg and HBeAg) on stimulating the TLR4
pathway; we expected to observe changes in host
cell cycle stages. It has already been well established
that HBV affects host cell cycle stages. It has been
earlier observed that HepG2.2.15 undergoes slow
proliferation and approximately 80% of cells remain
[15]
arrested in G1 phase due to high HBV DNA load .
It was thus expected that triggering TLR4 pathway
would partially release the G1/S arrest due to viral
suppression. Interestingly, TLR4 stimulation induces
a release in G1/S arrest (Figure 2A) and percentage
distribution of cells in the S-phase clearly indicated
a G1 escape (Figure 2B). The effect of the ligand in
causing cytotoxicity was next assessed by MTT assay.
In the ligand concentration used in our assays, no
significant cell death could be monitored (Figure 2C).
Recent studies have shown that some viruses
subvert cellular epigenetic mechanisms and recruits
host transcription factors to their advantage and
modulate chromatin structure ensuring its successful
[16]
existence in the host . In order to identify the
role of TLR4 affecting transcription of the chromatin
template, global alterations of histone modifications
was observed in HepG2.2.15 cells after triggering the
TLR4 pathway. The transcription activation signatures
(H3K9Ac and H3K18Ac) were significantly upregulated
on stimulating the TLR4 signaling cascade. However,
H3K27Me3, H3K4Me3, H3K9Me3 and H3K36Me3
histone marks did not show significant changes
(Figure 2D). Thus, HBV infection represses the host
transcription, which is observed through epigenetic
changes. Stimulating TLR4 pathway with LPS, clearly
rescues the transcription halt, by upregulating histone
activation signatures. Thus HBV induced alteration of
the epigenetic signatures; highlight the role of LPS in
affecting cellular transcription profile of host cells.
Transition through the different cell cycle stages
were subsequently corroborated with the expression of
various cell cycle regulators. Viral elimination imposed
due to activation of TLR4 pathway, abolishes the G1/S

10344

December 21, 2016|Volume 22|Issue 47|

Das D et al . Targeting toll like receptor 4 against HBV infection
HepG2
HepG2.2.15

1.0
0.8
0.6

a

0.4
0.2
0.0

B
HBV DNA in supernatant (copies/mL)

Relative mRNA expression

A

8000
a
6000

4000
a
2000
a
0

TLR4

l

tro

n
Co

S

LP

C

(1

L)

m

S

LP

(2

/
mg

L)

m

S

LP

(4

/
mg

D

3.5

2.0

2.5
2.0
1.5
a
1.0

HBeAg (O.D. 450/630)

3.0
HBsAg (O.D. 450/630)

L)

m

/
mg

1.5
a
1.0

0.5

0.5
0.0

0.0

n

Co

l

tro

L)

/m

S

LP

(1

ug

L)

/m

S

LP

(2

ug

L)

S

LP

(4

Co

l

ro

nt

/m

ug

L)

m

S

LP

(1

/
mg

L)

m

S

LP

(2

/
mg

L)

m

S

LP

(4

/
mg

Figure 1 Changes in viral titres on toll like receptor 4 activation with its specific ligand (LPS). A: mRNA expression of toll like receptor 4 (TLR4) is repressed in
HepG2.2.15 cells compared to HepG2 cells. The mRNA expression of TLR4 in HepG2 cells was arbitrarily set as 1, and the fold change in HepG2.2.15 cells was then
evaluated. (aP < 0.05). HBV titre was evaluated in the culture supernatant of HepG2.2.15 cells after treatment with 1, 2 and 4 µg/mL of TLR4 ligand (LPS) for 72 h; B:
HBV DNA was isolated from the culture media and the load was assessed by absolute real-time PCR using WHO standards. There was a dose dependent decrease
in viral load (aP < 0.05); C and D: HBsAg and HBeAg were detected from the culture supernatant of treated cells by ELISA. A dose-dependent repression of viral
protein was observed (aP < 0.05).

arrest. Significantly, TLR4 activation up regulates the
expression of Cyclin E. Similarly, the RNA expression of
Cyclin D1, which remains upregulated in HepG2.2.15
cells, gets partially downregulated on stimulation with
LPS followed by viral elimination. Retinoblastoma
(Rb) gene playing an important role in G1/S arrest is
markedly downregulated on TLR4 activation. However,
Cyclin B1 and Cyclin A, involved in late S to G2
phase entry and G2/M transition respectively, are not
significantly modulated showing the late S, G2 and
M phases are not largely affected on viral elimination
(Figure 3A). p53 considered as the “guardian of
genome” is a tumor suppressor protein, which plays a
crucial role in G1/S arrest as a result of DNA damage,
oxidative stress, viral infections, nutrient depletion,
etc. Though p53 RNA expression gets repressed on
TLR4 activation compared to control HepG2.2.15 cells
as a result of viral repression, the protein expression
is partially upregulated (Figures 3A and 4A). However
the p21 levels did not show significant changes.
Interestingly this observation was corroborated in
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patient liver biopsy samples as well. Patients with CHB
infection had a higher p53 expression compared to
control liver sample. Liver biopsy samples HBV1, 2, 3,
4, 6 and 8 had significant upregulated p53 expression
compared to that from control liver sample (Figure 3B).
This showed that viral persistence directly affected the
p53 levels. Modulation of TLR4 expression significantly
affects the cell cycle regulators. We monitored the
alteration of other host factors including cytokines to
understand the immune response pathways which
were triggered upon TLR4 activation. TLR4 activates
a MyD88- dependent and independent signaling
pathways. The chief players in the MyD88 signaling
pathway including TRAF6 and TBK1 showed an in
creased RNA expression on triggering TLR4 with LPS.
TRIF, IRF3 and IRF7, which are important signaling
molecules in the MyD88-independent signaling
pathway also showed elevated RNA expression (Figure
5A). Further, the principal downstream regulators that
are triggered during activated host cell transcription
including MAPKs (JNK and p38), NF-κB and PI3K
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Figure 2 Modification in host cell cycle and expression of epigenetic signatures in HepG2.2.15 cells on toll like receptor 4 activation with its specific
ligand (LPS). A: Flow cytometric analysis of HepG2.2.15 cells after treatment with LPS. Cell cycle analysis showing a partial release of G1/S arrest in treated cells
compared to control HepG2.2.15 cells; B: Percentage distribution of cells in different phases of cell cycle showing even distribution of cells in G1 and S phase after
LPS treatment; C: MTT assay showing cytotoxicity of LPS in HepG2.2.15 cells. No significant cell death was observed for the chosen concentration of the ligand at
different time points; D: Status of epigenetic signatures in HepG2.2.15 cells after stimulation of toll like receptor 4 (TLR4). Protein expression of the methylation marks
(H3K4Me3, H3K9Me3, H3K27Me3 and H3K36Me3) did not show significant change. Acetylation marks (H3K9Ac and H3K18Ac) showed an upregulated expression
on triggering the cells with LPS (aP < 0.05).

showed upregulated RNA expression (Figure 5A).
TLR4 activation triggers an important innate immune
signaling pathway. The above-mentioned downstream
regulators activate different transcription factors,
which in turn upregulates the expression of relevant
inflammatory cytokines. Cytokine bead array analysis
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showed that TLR4 activation turns-on the expression
of a couple of inflammatory cytokines including IL-1B,
IL-10, IL-12p70 and TNF-A (Figure 5B). These proinflammatory cytokines are important mediators that
may play crucial role in viral elimination.
Subsequently we monitored the expression levels
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Figure 4 Changes in expression of important toll like receptor 4 pathway signaling molecules and pro-inflammatory cytokines on toll like receptor 4
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of the transcription factor p53 and NF-κB. Following
a reduction in transcript level, the protein expression
of p53 was slightly upregulated (Figure 4A). In
comparison to the RNA expression, the change in NFκB protein level was subtle (Figure 4A). However,
TLR4 activation using LPS promoted the proteolytic
degradation of Inhibitor-κB (I-κB) and allowed nuclear
translocation of (NF-κB) p65 subunit (Figure 4B). The
p65 subunit was expected to bind different parts of
the DNA and affect host transcription. Thus, TLR4
activation and subsequent commencement of the
signaling cascade was confirmed on LPS treatment.
Since TLR4 activation, reduced the viral replication, we
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wanted to identify the pathway responsible for viral
elimination. The TLR4 signaling cascade is observed
in the figure (Figure 6A) and the important protein
blockers targeting chief downstream regulators are
marked. In an attempt to identify the pathway that
is responsible for viral elimination, different chemical
inhibitors (PDTC for NF-κB, LY294002 for PI3K,
SP600125 for JNK and SB203580 for p38) were
used, after which LPS was used to stimulate the TLR4
signaling pathway. These chemical blockers block
MAPKs and NF-κB activation specifically, and have
been used in several studies previously for pathway
[14,17]
analysis
. Interestingly, on blocking NF-κB with
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its inhibitor eliminated the anti-viral role of TLR4. The
HBV DNA load was maximal on blocking this pathway
(Fig 6B). Further, the viral protein (HBsAg and HBeAg)
production was greatly increased on inhibiting NFκB pathway with PDTC (Figure 6C and D). Thus, it
was concluded that the anti-viral action of TLR4 was
probably operated through the NF-κB pathway.

DISCUSSION
In the present study, we have seen that stimulating
the TLR4 pathway in HepG2.2.15 cells reduces
Hepatitis B viral DNA and protein titre in a dose
dependent manner. It was seen that stimulating TLR4
pathway with its specific ligand (LPS), activated a
MyD88-dependent and independent pathway. The
viral suppression on TLR4 activation possibly takes
place through the NF-κB pathway and thus blocking
it, impedes the antiviral action of TLR4. Further, it
has already been seen that HBV affects the host cell
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cycle stages and induces a G1/S arrest. Interestingly,
viral elimination induced by TLR4 activation, partially
released the arrest after a G1 escape. The cell cycle
status was further confirmed with the expression of
different cell-cycle regulators. HBV plays an active
role in upregulating the expression of p53. This was
confirmed in liver biopsy samples and in HepG2.2.15
cells. The p53 expression gets repressed on viral
elimination, following TLR4 activation. Since, there
were significant changes in the host gene expression
on TLR4 stimulation; we analyzed the status of
host transcription by looking into the epigenetic
modifications. Important host active signatures,
H3K9Ac and H3K18Ac showed significant upregulation
on pathway stimulation, highlighting the ability of LPS
to affect the cellular micro-environment.
Previous studies have shown that HepG2.2.15
cells show slow proliferation compared to HepG2
cells. Results showed that Hepg2.2.15 cells undergo
slower proliferation due to G1 arrest and not due to
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Figure 6 Recruitment of relevant downstream regulator inhibitors in toll like receptor 4 signaling to identify the pathway responsible for its anti-viral
action. A: Pictorial representation of toll like receptor 4 (TLR4) signaling pathway and the important inhibitors of signaling molecules have been highlighted; B: HBV
DNA was evaluated in the supernatant from cells pre-treated with LPS, singly or in conjunction with the inhibitors. Anti-viral action of TLR4 was abolished on blocking
the TLR4 pathway with PDTC (NF-κB inhibitor) (aP < 0.05); C, D: Viral proteins (HBsAg and HBeAg) showed highest concentration on using PDTC. The antiviral
action of TLR4 is probably operated through NF-κB pathway (aP < 0.05).
[15,18]

increase in apoptosis
. The present study shows
that TLR4 stimulation modulates a couple of important
host factors. It was also seen that HBV affects the
host cell cycle stages. Stimulation of TLR4 pathway
resulted in elimination of the virus, which in turn
facilitated a G1 escape. The study was corroborated
with the expression of different cell cycle markers.
p53 along with the cyclins play a crucial role in G1
to S phase transition. The virus increases the level
of p53 and induces a G1 arrest. It was noteworthy,
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that p53 expression was upregulated in the liver
biopsy samples of CHB patients compared to control
liver sample. However, no significant change of
p21 expression was observed on TLR4 activation.
Cyclins and the Retinoblastoma (Rb) gene play a vital
[19]
role in establishing a G1/S control . It has been
shown earlier that Cyclin D1 levels are high during
G1 phase to initiate DNA synthesis, but eventually
it is suppressed to low levels in S-phase to ensure
[20]
efficient DNA synthesis . Down regulation of Cyclin
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D1 levels on TLR4 activation, was thus instrumental
in G1 escape. Rb is one of the key regulators in G1/S
transition. Rb can sequester different transcription
factors that are essential for the progress of cell
cycle. Studies show that at the late G1 restriction
point, Cyclin E: Cdk2 complex inactivates Rb by
hyperphosphorylating it at different sites and driving
[21]
cells to the next phase of cell cycle . Our studies
also show that Cyclin E is significantly upregulated
and Rb gene gets downregulated on viral elimination
as a sequel to TLR4 activation. Thus probably a p53
independent pathway plays a potential role in G1/S
escape on TLR4 stimulation resulting in viral evasion.
Since there was no marked change in G2/M phases
on the presence or absence of virus, the regulators in
these phases showed no significant modification.
Recently, there has been a significant dynamics
of virus-host chromatin interaction in determination
of establishment of viral infection. Further, there are
strong evidences of interplay of viral encoded proteins
[16]
in host chromatin modulation . Several viruses on
host cell entry elicit an epigenetic reprogramming
of the host chromatin by changing methylation and
acetylation status and subverting chromatin-associated
enzymes which leads to a change in host chromatin
[22]
structure and gene expression . Modulation of host
epigenetic landscape upon virus infection has been
observed in several cases. Adenoviral as well as SV40
virus infection leads to hypoacetylation of H3K18Ac. A
recent report shows that H3K18Ac is downregulated
[23]
upon HBV infection . Thus LPS treatment which
further restores the H3K18Ac status could be an
ideal futuristic anti-viral therapy. It can also be
observed that LPS treatment leads to significant
increase of H3K9Ac mark in human genome. Thus
epigenetic therapy to hyperacetylate H3K9 or H3K18
at gene promoters, which leads to a classical gene
activation scenario, can be adopted as a novel
strategy to eliminate HBV infection. The epigenetic
reprogramming and modifications in gene expression
promotes a permissive nuclear environment for the
viral existence. Previous reports show that viruses
including human γ-herpesviruses, Kaposi’s sarcomaassociated virus (KSHV or HHV8), Epstein-Barr
virus (EBV), etc. epigenetically manipulate host
genes involved in senescence, cell cycle progression,
survival, immunity and inflammation to ensure its
[24]
survival . Interestingly, TLR4 activation showed no
significant change in the histone methylation marks.
However, the acetylation signatures (H3K9Ac and
H3K18Ac), which are transcription activation marks
showed increased levels on TLR4 activation. The virus
induces host epigenetic modifications that would
probably silence specific host gene clusters that are
detrimental for viral infection. Thus TLR4 stimulation
induces transcription activation which upregulates the
expression of different genes that probably encode
antiviral factors that lead to HBV elimination. The
virus induced host modifications raise the possibility
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of a combination therapy, which can target multiple
epigenetic restrictions to limit HBV infection.
It has been seen that TLR4 levels are altered
in HBV infection and plays a very crucial role in its
[9]
pathogenesis .A recent study showed that TLR4
plays a tumor promoting role in HBV- related HCC
cells associated with regulation of ERK 1/2 activation
[25]
[26]
and interaction with HBx . Investigations show
that TLR4 on stimulation activates an inflammatory
pathway and a host of signaling molecules are
triggered that is responsible for production of
[27]
inflammatory cytokines . Previous reports show
that TLR4 expression is greatly impaired in PBMCs
from chronic HBV-infected patients in a Chinese
[28]
population . Studies have showed that supernatant
from TLR4 stimulated Kupffer cells from C57/BL6
wild-typemice are effective in suppressing HBV
[29]
replication . It was observed in this study that
a MyD88 dependent and independent pathway is
triggered on TLR4 activation using its specific ligand.
TLR4 activation enhanced the production of a number
of pro-inflammatory cytokines, among which TNF-A,
IL-10 and IL-1β is noteworthy. These cytokines
probably play a major role in viral elimination and
suppression of viral replication. A recent study showed
that IL-1 and TNF-A have anti-viral mechanisms
against HBV infection in hepatocytes cell lines, through
the NF-κB pathway. The study further showed that
the effect of the cytokines was mediated by induction
of activation- induced cytidinedeaminase (AID). This
is a relevant work in context of a link between proinflammatory cytokines and development of innate
[30]
anti-viral defense . Another study showed that
IL-1 and TNF-A is produced spontaneously during
interferon-alpha treatment of hepatocytes, suggesting
[31]
their therapeutic potency during HBV infection . It
was investigated in our study that the viral elimination
of TLR4 takes place through the NF-κB. Previous
studies had shown that PI3K/AKT and MAPK/ERK
pathways are responsible for viral suppression through
[3]
TLR2 . However, the present study has been limited
to NF-κB and MAPK signaling pathways. In the future
we plan to look into additional pathways that may play
role in viral repression through TLR4.
The study thus holds a promising immune-the
rapeutic approach for viral elimination based on
triggering the TLR4 pathway. Though, HepG2.2.15
carrying HBV genome is the only cell line used for
this study, but this is an extremely relevant model
and sufficient work has been done on host-virus
[26,32,33]
interaction
. However, we plan to investigate our
work in other relevant cell lines and primary human
hepatocytes in future.
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Hepatitis B virus (HBV) infection is a major health problem, worldwide. Despite
the availability of different vaccines and anti-virals, HBV continues to be a
massive threat globally. Immunotherapeutic approaches, are evolving to combat
the infection. In this article, we look into the role of toll like receptor 4 (TLR4) in
HBV infection and a possible mode of invading the infection by triggering the
receptor, with its specific ligand.
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Research frontiers

TLRs are fundamental sensors of innate immunity and development of TLRtargeted therapies in the form of agonists and antagonists offers exciting and
thrilling new possibilities for the prevention of virus-induced infectious diseases
and management of virus induced harmful inflammatory responses. Different
TLR agonists have been clinically assessed for treatment of chronic viral
infections like HBV, hepatitis C virus (HCV) and human immunodeficiency virus
(HIV).

8

9

Innovations and breakthroughs

Previous studies have showed that TLRs are potential targets in combating
HBV infection. Recently it has been shown that TLR7 agonist GS-9620 has
significant anti-HBV effects and is now in clinical trials. An earlier study showed
that TLR8 agonist ssRNA40 could selectively activate liver-resident innate
immune cells and could trigger the production of anti-viral cytokine IFN-γ in
chronically HBV- and HCV- infected livers. This is the first study showing the
effective role of TLR4 in HepG2.2.15 cells and its effect on a different range of
host factors.
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Applications

The present study looks into the role of TLR4 in HBV infection. It has been
observed here that stimulating TLR4 represses the viral infection. The study
opens up broader opportunities and scope to develop immune-therapeutic
approaches by utilizing TLR4 to combat HBV infection.
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Terminology

Toll like receptors are modulators of innate immune response and is responsible
for triggering elimination of different viral infections. The present study shows
that TLR4 stimulation with its specific ligand/agonist lipopolysaccharide
modulates a couple of host factors and represses HBV infection.
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The aim of the manuscript is to focus on the role of TLR4 in HBV infection
to further investigate a new therapeutic approach against HBV by immunetargeting TLR4. The main results of the present study showed that TLR4
activation repressed HBV infection and several changes in host factors, such
as release in G1/S cell cycle arrest and modifications in host epigenetic marks.
It was also observed that anti-viral action of TLR4 took place through NF-κB
pathway.
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Abstract
AIM
To investigate the effects of active vitamin D3
on autophagy and interleukin (IL)-1β expression in
Salmonella -infected intestinal epithelial cells (IECs).
METHODS
Caco-2 cells, NOD2 siRNA-, Atg16L1 siRNA- or vitamin
D receptor (VDR) siRNA-transfected Caco-2 cells were
pretreated with 1,25-dihydroxyvitamin D3 (1,25D3),
and then infected by wild-type S. typhimurium strain
SL1344. The conversion of LC3-I to LC3-II was detected
+
by Western blot analysis and LC3 autophagosome was
analyzed by immunofluorescence. Caco-2 cells or VDR
siRNA-transfected cells were pretreated with 1,25D3,
and then infected by SL1344. Membrane protein and
total RNA were analyzed by Western blot and RT-PCR
for VDR and Atg16L1 protein and mRNA expression,
respectively. Atg16L1 siRNA-transfected Caco-2 cells
were pretreated by 1,25D3 and then infected with
SL1344. Total RNA was analyzed by RT-PCR for IL-1β
mRNA expression.
RESULTS
The active form of vitamin D, 1,25D3, showed enhanced
VDR-mediated Atg16L1 mRNA expression, membranous
Atg16L1 protein expression leading to autophagic LC3II
proteins expression and LC3 punctae in Salmonella infected Caco-2 cells which was counteracted by
Atg16L1 and VDR siRNA, but Atg16L1 mediated
suppression of IL-1β expression. Thus, active vitamin D
may enhance autophagy but suppress inflammatory IL1β expression in Salmonella -infected IECs.
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CONCLUSION
Active vitamin D might enhance autophagic clearance of
Salmonella infection, while modulation of inflammatory
responses prevents the host from detrimental effects of
overwhelming inflammation.
Key words: Vitamin D; Atg16L1; Autophagy; Interleukin1β; Salmonella ; Intestinal epithelia
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, the enhanced autophagy
expression and down-regulation of inflammatory
responses in Salmonella -infected intestinal epithelial
cells by active vitamin D provide a rationale of its
alternative therapy for invasive bacterial infection and
other inflammatory disorders.
Huang FC. Vitamin D differentially regulates Salmonellainduced intestine epithelial autophagy and interleukin-1β
expression. World J Gastroenterol 2016; 22(47): 10353-10363
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i47/10353.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i47.10353

INTRODUCTION
The incidence of food-borne human infections caused
by Salmonella enteritidis and by multi-drug-resistant
[1]
strains of S. typhimurium has increased substantially ,
[2]
with similar trends being reported from Europe and
[3]
Taiwan . Intestinal epithelial cells (IECs) serve as not
only a barrier to bacteria colonizing the gut but also
rather as an integral and essential component of the
innate mucosal immune system of the host.
Although clear evidence of the beneficial effects
of vitamin D on a variety of systemic diseases exists,
there has been renewed interest in this vitamin,
which has a broad range of activities on microbial
infections. Recent research has begun to unravel
important roles of vitamin D in the regulation of innate
[4]
immunity . Vitamin D may play a role in protecting
against infection during pregnancy and bacterial
[5]
vaginosis. Four studies included in a systemic review
demonstrated the therapeutic effect of vitamin D
supplementation for colitis. Thus, supplementation with
vitamin D3 could provide a novel strategy to reduce
antibiotic use and indirectly prevent the emerging
epidemic of bacterial resistance.
The role of autophagy has been expanded in recent
years to include diverse immunological effector and
regulatory functions. Increasing evidence indicates
the potential of autophagy in controlling infections
by directing intracellular or ingested pathogens to
[6]
lysosomes, leading to their destruction . Several
studies have linked autophagy to host defense against
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several intracellular bacterial pathogens that use
different strategies to establish infection, such as
[7]
Listeria monocytogenes, Shigella flexneri and S.
[8]
enterica serovar typhimurium . Therefore, dissecting
the molecular mechanisms by which Salmonella
utilizes autophagy has the potential to lead to the
identification of novel drug candidates to prevent and
treat Salmonella infection and related intracellular
infections.
Autophagy plays an essential role in the clearance
of Salmonella by alveolar macrophages. Previous
studies have linked nucleotide-binding oligomeriza
tion domain-containing protein 2 (NOD2) function
[9,10]
to autophagy
. NOD2 is critical for the autopha
gic response to invasive bacteria, which recruits
autophagy-related protein 16-like 1 (ATG16L1) to
the plasma membrane at bacterial entry sites. The
[11,12]
observation that NOD2 is a vitamin D target gene
and vitamin D receptor (VDR) transcriptionally
[13,14]
regulates ATG16L1 as a VDR target gene
also links
vitamin D signaling to autophagy. Atg16L1 is required
for autophagy in IECs and protection of mice from
[15]
Salmonella infection . 1,25-dihydroxyvitamin D3
(1,25D3), the active form of vitamin D, up-regulates
NOD2 mRNA expressions in Salmonella-infected
[16]
IECs , and the interaction of NOD2 and Arg16L1
plays a critical role in Salmonella-induced autophagy in
[17]
IECs . These results strongly suggest that stimulation
of NOD2 and Atg16L1 expression in human epithelial
cells by 1,25D3 would recruit Atg16L1 to boost
autophagy, which would then contribute to innate
immune responses of vitamin D to bacterial infection.
Therefore, this study was designed to investigate
the effects of active vitamin D3 on Salmonella-induced
autophagy via NOD2 and Atg16L1 mRNA expression
and membranous recruitment of proteins in IECs.

MATERIALS AND METHODS
Bacterial strains

The wild-type Salmonella enterica serovar typhimurium
(S. typhimurium) strain used in this work was SL1344.
Salmonella inoculum was prepared as described
[16,18]
previously
. Bacteria were grown overnight in static
cultures with minimal aeration in LB medium. The
bacteria were collected by centrifugation at 14000 g
for 5 min, washed with sterile PBS, and resuspended
in tissue culture medium without antibiotics.

Cell culture and infection

Caco-2 cells were purchased from the American Type
Culture Collection (Manassas, VA, United States)
[16,18,19]
and were cultured as described previously
. Briefly,
Caco-2 cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin in a 5% CO2
atmosphere at 37 ℃. Passage 10-30 was used for all
experiments. The cells were seeded in tissue culture
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plates and grown to 60%-75% confluence. About 1 h
before addition of bacteria, the cells were washed and
placed in antibiotic-free medium.

Cell fractionation

Cytosolic, membranous and nuclear extracts from
untreated and treated cultured cells were prepared
[16,19,20]
by the method previously described
. Protein
concentrations in cell fractions were determined using
a Bio-Rad assay kit.

Western blotting

Equal amounts of total protein from colon tissue or
cultured cells were separated by SDS-PAGE and then
transferred to nitrocellulose membranes by semi[16,19,20]
dry blotting as previously described
. After
blocking the membranes with 5% non-fat dry milk,
they were probed with antibodies to either ATG16L1
(Cell Signaling, Beverly, MA, United States), NOD2
(Cayman Chemical, Ann Arbor, MI, United States),
LC3B (Cell Signaling) or total GAPDH (Santa Cruz
Biotechnology, Dallas, TX, United States). After washes,
the membranes were incubated with appropriate
horseradish peroxidase-associated secondary antibodies
before signals were visualized with the enhanced
chemiluminescence detection system (Amersham
Bioscience, Piscataway, NJ, United States).

RNA isolation and cDNA synthesis

Total RNA was prepared from control or infected
cells with the Trizol reagent (Invitrogen Corporation,
Carlsbad, CA, United States), following the manu
facturer’s directions. The RNA was reverse transcribed
using the GeneAmp kit (Roche Diagnostics, Nutley, NJ,
[16]
United States) as described in detail earlier .

Real-time reverse transcription PCR

Real-time reverse transcription PCR analyses were
performed in a fluorescence temperature cycler
(LightCycler; Roche Diagnostics) as described pre
[16,19,20]
viously
to determine the NOD2 and Atg16L1 and
interleukin-1β (IL-1β) mRNA expression levels using
the comparative threshold cycle (ΔΔCt) method of
relative quantitation.

Immunofluorescence

The immunofluorescence study of LC3 was performed
[16,19,20]
as previously described
. Briefly, cultured cells
after treatment and infection were washed, fixed and
permeabilized and then incubated with rabbit antiLC3B (Cell Signaling Technology). Secondary antibody
was goat anti-rabbit IgG conjugated with Alexa Fluor
594 fluorochrome (Invitrogen Molecular Probes,
Eugene, OR, United States). After extensive washing,
the nucleic acid stain 4,6-diamidino-2-phenyindole
dihydrochloride (DAPI) was added to visualize the
nucleus. Then, the coverslips were examined under
immunoflourescence conditions by using a Zeiss
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Axio Observer Z1 (Carl Zeiss, Jena, Germany). The
percentage of cells with endogenous LC3 punctate
was determined by counting the number of positively
stained cells from 100 randomly chosen cells from
three separate experiments.

RNA interference in cultured cells

RNA interference (RNAi) experiments in cultured cells
[16,19,20]
were performed as described previously
. Cells
were transfected according to the manufacturer’s
protocol, which was modified in our Lab. After 48 to
72 h incubation in a 37 ℃ incubator, the cells were
infected by bacteria, and then the cells were lysed
and RNA or proteins extracted over ice for further
experiments.

Cell viability and morphologic features

Representative cell populations from each condition
were examined under light microscopy. No significantly
morphologic change was observed under any con
dition. Cell viability in untreated or treated cells
was found to be > 90% as analyzed by trypan blue
exclusion (data not shown).

Statistical analysis

All above experiments were carried out at least twice
with similar results. Statistical analysis was performed
using the paired Student’s t-test and ANOVAs (StatView;
SAS Institute, Cary, NC, United States). P values < 0.05
were considered significant.

RESULTS
1,25 D3 enhanced the autophagy expression in
Salmonella-infected Caco-2 cells

In order to explore if active vitamin D plays a role
in Salmonella-induced autophagy in IECs, Caco-2
cells were pretreated with 1,25D3, and then infected
by wild-type S. typhimurium strain SL1344. The
conversion of LC3-I to LC3-II was detected by Western
+
blot analysis and LC3 autophagosome was analy
zed by immunofluorescence. As shown in Figure 1,
Salmonella-induced autophagy in Caco-2 cells was
accompanied by an increase in the conversion of
LC3-I to LC3-II (Figure 1A and B) and increased LC3
punctae-containing cells in immunofluorescent analysis
(Figure 2C and D), while 1,25D3 enhanced Salmonella+
induced LC3-II protein and LC3 autophagosome
expressions in Caco-2 cells. This suggested that 1,25D3
up-regulated the autophagic process in Salmonellainfected Caco-2 cells.

Involvement of VDR in 1,25D3-enhanced Atg16L1 mRNA
expressions in Salmonella-infected Caco-2 cells

To examine if 1,25D3 up-regulates Salmonella-induced
Atg16L1 mRNA expression in IECs, Caco-2 cells were
untreated or pretreated with 1,25D3 and then infected
with wild-type Salmonella strain SL1344 for 1 h. Total
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IECs. Western blot of Atg16L1 proteins expression
was analyzed in membranous extract of Salmonellainfected Caco-2 cells in the presence or absence of
1,25D3. As shown in Figure 4, 1,25D3 enhanced
the membranous Atg16L1 protein expression in
Salmonella-infected Caco-2 cells compared to
Salmonella infection only. Following knockdown of
VDR, the 1,25D3-enhanced Atg16L1 membranous
protein expression in Salmonella-infected cells was
diminished in VDR-silenced cells (Figure 4), but not
in control siRNA-silenced cells. Therefore, specific
suppression by siRNA targeting VDR attenuated the
enhanced effect of 1,25D3 on Atg16L1 membranous
protein expression in Salmonella-infected Caco-2 cells.
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Figure 1 Effect of 1,25D3 on autophagy expression in Salmonella-infected
Caco-2 cells. Caco-2 cells were untreated (CON) or treated with 1,25D3 (D3)
and then infected by S. typhimurium wild-type strain SL1344 (SL). Immunoblots
were performed on whole cell lysates with antibody to detect autophagy LC3Ⅰ / Ⅱ protein expression. The results shown are representative of three
separate experiments. GAPDH was detected for normalization of cytosolic
protein. Representative immunoblots (A) and densitometric quantification of
immunoreactive bands (B) are shown. The relative band intensities of LC3-Ⅱ
in untreated (white) and treated (black) Caco-2 cells were quantified as foldincreases compared with the control cells.

RNA was analyzed by real-time quantitative PCR
for Atg16L1 mRNA expression. As shown in Figure
3B, 1,25D3 enhanced Atg16L1 mRNA expression
in Salmonella-infected Caco-2 cells compared to
Salmonella infection alone.
To investigate if VDR was involved in the 1,25D3mediated up-regulation of Atg16L1 mRNA in Sal
monella-infected cells, VDR siRNA-transfected cells
were untreated or treated with 1,25D3 for 6 h and
infected by S. typhimurium wild-type strain SL1344.
Knockdown of VDR was confirmed by Western blot
(Figure 3A). Following knockdown of VDR, the 1,25D3enhanced Atg16L1 mRNA expression in Salmonellainfected cells was diminished in VDR-silenced cells
(Figure 3B), but not in control siRNA-silenced cells.
Therefore, specific suppression by siRNA targeting VDR
attenuated the enhanced effect of 1,25D3 on Atg16L1
mRNA expression in Salmonella-infected Caco-2 cells.

1,25D3 up-regulated membranous Atg16L1 protein
expression in Salmonella-infected Caco-2 cells,
depending on VDR

A previous study demonstrated that 1,25D3 enhanced
NOD2 mRNA and membranous protein expression
[16]
in IECs . Likewise, we proceeded to investigate the
effect of 1,25D3 on Atg16L1 protein expression in
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Based on the above observation that 1,25D3 enhanced
NOD2 and Atg16L1 mRNA expressions in Salmonellainfected Caco-2 cells and the interaction of NOD2 and
[17]
Arg16L1 in Salmonella-induced autophagy in IECs ,
we investigated the involvement of NOD2 or Atg16L1
in 1,25D3-enhanced autophagy in Salmonella-infected
IECs. NOD2 siRNA- or Atg16L1 siRNA-transfected
Caco-2 cells were untreated or pretreated with 1,25D3
and then infected with wild-type Salmonella strain
SL1344 for 1 h. Knockdown of NOD2 or Atg16L1
with specific siRNA in Caco-2 cells was confirmed by
[21]
Western blot in a previous report . The conversion
of LC3-I to LC3-II was detected by Western blot
analysis (Figure 2A and B). The Caco-2 cells were
fixed, permeabilized, immunostained with antibody
to endogenous LC3 and visualized by fluorescence
microscopy. Immunofluorescence study (Figure 2C)
showed numerous LC3 punctae (red) in Salmonellainfected cells. Pre-treatment of the cells with 1,25D3
significantly increased the LC3II protein as above,
while NOD2 siRNA- or Atg16L1-transfected Caco-2 cells
significantly diminished 1,25D3-enhanced conversion
of LC3 (Figure 2A and B) to a level below that detected
in the SL1344 infection only group. The 1,25D3enhanced percentage of cells showing accumulation of
LC3 punctae was significantly diminished by NOD2 or
Atg16L1 siRNA (Figure 2C and D). Our results suggest
that NOD2 and Atg16L1 become involved in the effect
of 1,25D3 on autophagy expression in Salmonellainfected Caco-2 cells.

1,25D3 up-regulated VDR mRNA and protein expressions
in Salmonella-infected Caco-2 cells

In order to determine if 1,25D3 up-regulates VDR
mRNA and protein expressions in Salmonella-infected
Caco-2 cells, cultured cells were left untreated or
stimulated with 1,25D3 for 6 h, followed by wild-type
S. typhimurium strain SL1344 infection. Immunoblots
were performed on whole cell lysates with antibody to
detect VDR protein and real-time quantitative PCR to
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Figure 2 Involvement of NOD2 and Atg16L1 in 1,25D3-enhanced autophagy expression in Salmonella-infected Caco-2 cells. Caco-2 cells were transfected
with control siRNA, NOD2 siRNA or Atg16L1 siRNA (siCON: non-target control siRNA; siNOD2: siRNA to NOD2; siAtg16L1: siRNA to Atg16L1) for 48 h. The
transfected cells were left uninfected (CON) or infected by wild-type S. typhimurium strain SL1344 (SL) in the absence or presence of 1,25D3 (D3). Knockdown
of NOD2[21] and Atg16L1[18] was confirmed previously by Western blot. The transfected cells were pretreated with 1,25D3 prior to wild-type S. typhimurium strain
SL1344 infection for 1 h. Immunoblotting was performed on whole cell lysates with antibody to detect autophagy LC3-I/II protein expression. The results shown
are representative of three separate experiments. GAPDH was detected for normalization of cytosolic protein. Representative immunoblots (A) and densitometric
quantification of immunoreactive bands (B) are shown. The relative band intensities of LC3-II in Caco-2 cells are quantified as fold-increases compared with the
control cells. The cells were fixed, permeabilized and stained with anti-LC3 (red), and LC3 puncta formation was detected by a confocal microscope; representative
images of LC3 punctae are depicted. Scale bar = 10 μm (C); The percentage of cells showing accumulation of LC3 punctae is reported (D). Data are mean ± SEM of
three independent experiments. aP < 0.05.
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detect mRNA expression. As shown in Figure 5, VDR
mRNA and protein were up-regulated in Salmonellainfected cells and even higher in 1,25D3-treated cells.

To investigate the role of VDR in 1,25D3-enhanced
autophagy expression in Salmonella-infected Caco-2
cells, VDR siRNA-transfected Caco-2 cells were
untreated or pretreated by 1,25D3 and then infected
with wild-type Salmonella strain SL1344 for 1 h.
The conversion of LC3-I to LC3-II was detected by
+
Western blot analysis and LC3 autophagosome
was analyzed by immunofluorescence. 1,25D3
+
enhanced Salmonella-induced LC3-II protein and LC3
autophagosome expressions in Caco-2 cells, while VDR
siRNA-transfected Caco-2 cells significantly diminished
the enhancement of 1,25D3 on the conversion of
LC3 (Figure 6A and B) or the percentage of LC3
punctae (Figure 6C and D). Our results suggest that
VDR is involved in the effect of 1,25D3 on autophagy
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Figure 3 Effect of 1,25D3 on Atg16L1 mRNA expressions in Salmonellainfected Caco-2 cells and involvement of vitamin D receptor in the effect.
Caco-2 cells were transfected with control siRNA and vitamin D receptor
(VDR) siRNA (siRNA: non-target control siRNA; siVDR: siRNA to VDR) for 48
h. The transfected cells were left uninfected (CON) or infected by wild-type S.
typhimurium strain SL1344 in the absence or presence of 1,25D3. Western
blots probed with antibodies against VDR and GAPDH confirmed knockdown
of VDR (A). Total RNA was prepared after infection and analyzed by realtime quantitative PCR to estimate amounts of Atg16L1 transcript. The amount
of Atg16L1 mRNA produced and normalized to the corresponding amount of
GAPDH transcript is shown as the fold-increase over uninfected control cells (B).
Results are presented as mean ± SEM for at least three determinations from
independent experiments. aP < 0.05.

Involvement of VDR in 1,25D3-enhanced autophagy
expression in Salmonella-infected Caco-2 cells
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Figure 4 Effect of 1,25D3 on the membranous Atg16L1 protein expression
in Salmonella-infected Caco-2 cells via vitamin D receptor. Caco-2 cells
were transfected with control siRNA and vitamin D receptor (VDR) siRNA (siCON:
non-target control siRNA; siVDR: siRNA to VDR) for 48 h. The transfected cells
were left uninfected (CON) or infected by wild-type S. typhimurium strain SL1344
(SL) in the absence or presence of 1,25D3 (D3). Immunoblots were performed
on membrane lysates with antibody to detect Atg16L1 protein expression, and
E-cadherin for normalization of membrane proteins. Representative immunoblots
(A) and densitometric quantification of immunoreactive bands (B) are shown.
The relative band intensities of Atg16L1 in Caco-2 cells were quantified as foldincreases compared with the control cells. Each value represents the mean ±
SEM of three independent experiments. aP < 0.05.

expression in Salmonella-infected Caco-2 cells.

Involvement of Atg16L1 in 1,25D3-mediated suppression
of Salmonella-induced IL-1β mRNA expression in
Caco-2 cells
In order to determine the effect of 1,25D3 on IL1β mRNA expression in Salmonella-infected Caco-2
cells and the involvement of Atg16L1, Atg16L1
siRNA-transfected Caco-2 cells were untreated or
pretreated by 1,25D3 and then infected with wildtype Salmonella strain SL1344 for 1 h. Knockdown
of Atg16L1 with specific siRNA in Caco-2 cells was
confirmed previously. Total RNA was analyzed by realtime quantitative PCR for IL-1β mRNA expression. As
shown in Figure 7, Salmonella-induced IL-1β mRNA
expression in Caco-2 cells was down-regulated by
1,25D3. Following knockdown of Atg16L1, the 1,25D3mediated suppression of IL-1β mRNA expression in
Salmonella-infected cells was diminished in Atg16L1silenced cells, but not in control siRNA-silenced cells
(data not shown). Therefore, specific suppression by
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Figure 5 1,25D3 up-regulates the vitamin D receptor protein or mRNA
expression in Salmonella-infected Caco-2 cells. Caco-2 cells were
uninfected (CON) or infected by wild-type S. typhimurium strain SL1344 (SL)
at indicated times, in the presence or absence of 1,25D3 (D3). Total RNA
was prepared after infection and analyzed by real-time quantitative PCR to
estimate amounts of vitamin D receptor (VDR) transcript (A). The amount of
VDR mRNA produced, normalized to the corresponding amount of GAPDH
transcript, is shown as the fold-increase over uninfected control cells. Results
are represented as mean ± SEM for at least three determinations from
independent experiments. Immunoblotting was performed on whole cell lysates
with an antibody to detect VDR protein expression, or GAPDH for normalization
of proteins. Representative immunoblots (B) and densitometric quantification
of immunoreactive bands (C) are shown; The relative band intensities of
VDR (C) in Caco-2 cells were quantified as fold-increases compared with the
control cells. Each value represents the mean ± SEM of three independent
experiments. aP < 0.05.

siRNA targeting Atg16L1 attenuated the suppressive
effect of 1,25D3 on Salmonella-induced IL-1β mRNA
expression in Caco-2 cells.

DISCUSSION
Vitamin D is an important mediator of intestinal
epithelial defenses against infectious agents. Vitamin
D deficiency predisposes to more severe intestinal
[22]
injury in an infectious model of colitis . However, the

WJG|www.wjgnet.com

mechanism is unknown. Based on previous reports
that 1,25D3 signaling induces NOD2 expression in
[16]
human IECs
and activated NOD2 recruits ATG16L1
[23]
[17]
that control autophagy
to kill Salmonella , we
investigated the effect of vitamin D on autophagy
expression in IECs after Salmonella infection and the
involvement of NOD2 and Atg16L1. We observed
that 1,25D3 increased the Atg16L1 mRNA (Figure
3) and membranous protein expression (Figure 4) in
Salmonella-infected Caco-2 cells and the enhancement
of 1,25D3 on autophagy expression in Salmonellainfected Caco-2 cells (Figure 1) is NOD2- and Atg16L1dependent (Figure 2). It suggests vitamin D enhances
autophagy in Salmonella-infected IECs, depending on
enhanced NOD2 and Atg16L1 expression. Atg16L1
is required for autophagy in IECs and protection
[15]
of mice from Salmonella infection . Additionally,
the association of autophagy-related Atg16L1 gene
polymorphism with sepsis severity in patients with
[24]
sepsis and ventilator-associated pneumonia provides
the rationale to investigate the role of Atg16L1 gene
polymorphism in patients with septic complication
in Salmonella colitis and potential therapy of active
vitamin D on invasive microorganisms.
ATG16L1 is a VDR target gene and VDR regulates
[13]
autophagic activity through ATG16L1 . Intestinal
epithelial VDR deletion leads to defective autophagy
[14]
in a colitis model . Lack of intestinal epithelial VDR
down-regulates expression of Atg16L1 and the resulting
microbial dysbiosis may sensitize the colonic mucosa
to chemical-induced colitis. Low levels of intestinal
epithelial VDR correlated with reduced ATG16L1 and
dysbiotic microbial ecology dominated by intestinal
Bacteroides known to contribute to the pathogenesis
of inflammatory bowel disease (IBD). An increased
risk of IBD following enteric infections with Salmonella
[25]
was reported . The abnormalities in the handling of
intracellular bacteria through autophagy might play
[17,26-29]
a role in Crohn’s disease pathogenesis
. This
indicates the fundamental relationship between VDR,
autophagy, and gut microbial assemblage that is
essential for maintaining intestinal homeostasis, but
also in contributing to the pathophysiology of IBD.
1,25D3 up-regulates the VDR through stabilization of
[30]
the receptor in rat intestinal epithelial cells (IEC-6)
or the activation of gene expression in cells other than
[31]
IECs . Pretreatment with 1,25D3 can increase the
[32]
VDR protein expression in Caco-2 cells . Colonic
epithelial VDR levels are markedly reduced in patients
with inflammatory bowel diseases or in experimental
colitis models, whereas vitamin D analog therapy that
[33]
ameliorates colitis up-regulates epithelial VDR .
Thus, active vitamin D may enhance VDR expression
to maintain intestinal homeostasis, induce autophagic
defense against Salmonella infection and prevent IBD
attack. We demonstrated that 1,25D3 enhances VDR
mRNA and protein expression (Figure 5), which is
involved in 1,25D3-enhanced Atg16L1 mRNA (Figure 3)
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Figure 6 Involvement of vitamin D receptor in the enhanced effect of 1,25D3 on autophagy expression in Salmonella-infected Caco-2 cells. Caco-2 cells
were transfected with control siRNA and vitamin D receptor (VDR) siRNA (siVDR: siRNA to VDR) for 48 h. The transfected cells were left uninfected (CON) or infected
by wild-type S. typhimurium strain SL1344 (SL) in the absence or presence of 1,25D3 (D3). Immunoblots were performed on whole cell lysates with antibody to detect
autophagy LC3-Ⅰ/Ⅱ protein expression. The results shown are representative of three separate experiments. GAPDH was detected for normalization of cytosolic
protein. Representative immunoblots (A) and densitometric quantification of immunoreactive bands are shown. The relative band intensities of LC3-Ⅱ in Caco-2 cells
are quantified as fold-increases compared with the control cells (B). The cells were fixed, permeabilized and stained with anti-LC3 (red), and LC3 puncta formation
was detected by a confocal microscope. Representative images of LC3 punctae are depicted (C). Scale bar = 10 mm. The percentage of cells showing accumulation
of LC3 punctae is reported (D). Each value represents the mean ± SEM of three independent experiments. aP < 0.05.

and protein expression (Figure 4) in Salmonella-infected
Caco-2 cells, subsequently resulting in enhanced
Atg16L1-mediated autophagy (Figure 2). Collectively,
our study suggests that 1,25D3 may have applicability
for infectious diseases and autoimmune diseases
through its actions on ATG16L1 and VDR.
Mice lacking VDR are much more susceptible to
dextran sodium sulfate (DSS)-induced mucosal injury,
[34]
leading to extensive ulceration and early death .
Chemical-induced colitis in the VDR knockout mice
was accompanied by high colonic expression of TNF-α,
[35]
IL-1α and IL-1β . VDR knockout mice were hyperresponsive to exogenously injected lipopolysaccharide,
and cultures of the peritoneal exudates of moribund
DSS-treated VDR knockout mice were positive for
bacterial growth. This suggests that VDR may suppress
overwhelming inflammation and maintain intestinal
epithelial integrity to prevent bacterial invasion during
colitis. Treatment of IL-10 knockout mice with 1,25D3
[36]
resulted in the suppression of IBD symptoms .
1,25D3 in the diet or delivered rectally decreased
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the severity and extent of inflammation in wild-type
[35]
mice . Furthermore, human studies documented
some benefits of supplemental vitamin D in main
[37]
taining remission of Crohn’s disease . However, the
mechanism is not clear. Vitamin D hormone not only
[38]
can induce VDR expression
but also can suppress
[39]
TNF-α production . Here, we observed that the
enhancement of 1,25D3 on Atg16L1 expression
depends on VDR (Figures 3 and 4) while 1,25D3
suppressed Atg16L1-mediated IL-1β expression (Figure
7). Thus, gut epithelial VDR signaling enhanced by
active vitamin D could be a useful therapeutic target
in the management of IBD and appears to play an
essential role in controlling mucosal inflammation.
[40]
Sorbara et al
showed that Atg16L1 suppresses
inflammatory cytokines induced by NOD2 signaling
in an autophagy-independent manner. Loss of the
autophagy protein Atg16L1 enhances endotoxin[41]
induced IL-1β production . Atg16L1 polymorphisms
exhibit an excessive production of IL-1β in human
[42]
peripheral mononuclear cells . Thus, in theory,
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D, 1,25D3 to induce autophagy has provided a new
approach to treat invasive microbial infections in
humans. Vitamin D therapy can shift the balance to
favor inhibition of inflammation and enhancement of
IEC autophagy against Salmonella infection, leading
to the identification of novel drug candidates to treat
Salmonella infection and prevent IBD. Perhaps, in the
future, we might be able to treat or prevent certain
infectious diseases with safe and inexpensive substances
that induce expression of endogenous autophagy.
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Figure 7 Involvement of Atg16L1 in suppressed Salmonella-induced IL-1b
mRNA expression in Caco-2 cell by 1,25D3. Caco-2 cells were transfected
with control siRNA or Atg16L1 siRNA (siAtg16L1: siRNA to Atg16L1) for 48 h.
Transfected Caco-2 cells were pretreated with 1,25D3 (D3) prior to wild-type
S. typhimurium strain SL1344 (SL) infection for 1 h. Total RNA was prepared
after infection and analyzed by real-time quantitative PCR to estimate amounts
of IL-1b transcript. The amount of IL-1b mRNA produced, normalized to the
corresponding amount of GAPDH transcript, is shown as the fold-increase over
uninfected control cells (CON). Results are represented as mean ± SEM for at
least three determinations from independent experiments. aP < 0.05.

vitamin D therapy can shift the balance to favor
inhibition of inflammation. Here, we showed that
1,25D3 suppresses Salmonella-induced IL-1β mRNA
expression depending on Atg16L1 (Figure 7). IL-1β is
one of the key mediators of intestinal inflammation in
[43]
IBD, with a role in amplifying mucosal inflammation ,
consistent with the finding that IL-1β is up-regulated
[44]
[45]
in IBD patients
and animal models . The IL-1βinduced increase in intestinal epithelial tight junction
permeability has been postulated to be an important
pathogenic mechanism contributing to intestinal
inflammation. This could be a mechanism by which
vitamin D therapy ameliorates IBD.

Limitations

Almost all of the current data on how vitamin D can
influence innate immune function has stemmed
from studies of human cells. A limited number of
animal models have been utilized with varying
results, and future studies will need to improve this
lack significantly. Finally, intestinal VDR expression
was lower in patients with active Crohn’s disease
despite having adequate serum levels of vitamin
[46]
D , suggesting that epithelial responses to vitamin
D may be diminished during active IBD and this may
not be altered by increasing serum vitamin D alone.
Thus, more clinical trials are needed to determine how
vitamin D affects infection in vivo, and whether or
what dose of active vitamin D administered orally or
rectally can act as a therapy to ameliorate Salmonella
colitis or IBD.
Conclusively, the study provides a link between
vitamin D3-induced autophagy and anti-inflamma
tion, both of which target the intracellular pathogen
for eradication and prevention of overwhelming
inflammation. The ability of the active form of vitamin
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Abstract
AIM
to explore expression of angiopoietin-like protein 2
(ANGPTL2) and its effect on biological behavior such as
proliferation and invasiveness in gastric cancer.
METHODS
Western blotting was used to detect expression of
ANGPTL2 in 60 human normal gastric tissues, 60
human gastric cancer tissues and gastric cell lines
including GES-1, N87, SGC7901, BGC823 and PAMC82.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) and Transwell assay were used to
detect the proliferation and invasive ability of gastric
cancer cells.
RESULTS
Compared to normal tissues, ANGPTL2 protein levels
were significantly upregulated in gastric tissues, and
this level was closely correlated with gastric tumor
grade, clinical stage and lymph node metastasis.
Compared to GES-1 cells, ANGPTL2 mRNA and protein
levels were significantly increased in gastric cancer
cells including N87, SGC7901, BGC823 and PAMC82.
The expression of ANGPTL2 in highly malignant gastric
cancer cell lines BGC823 and PAMC82 was significantly
higher than in low malignancy gastric cancer cell lines
N87 and SGC7901. MTT and Transwell experiments
indicated that the proliferation rate and invasive ability
of stable overexpressed gastric cancer cells was faster
than in cells transfected with Lv-NC and blank control
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cells, and the invasive ability of stable overexpressed
gastric cancer cells was higher than that of cells trans
fected with Lv-NC and blank control cells.
CONCLUSION
ANGPTL2 contributed to proliferation and invasion of
gastric cancer cells. In clinical treatment, ANGPTL2 may
become a new target for treatment of gastric cancer.
Key words: gastric cancer; Angiopoietin-like protein 2;
cell invasion; cell proliferation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Expression of angiopoietin-like protein
2 (ANGPTL2) was significantly elevated in gastric
cancer tissues and cells. The higher the level of
malignancy of the cancer, the higher the expression
of ANGPTL2 became. 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide and Transwell assays
estimated that the proliferative and invasive ability of
lentivirus-infected gastric cancer cells were evidently
improved compared to the Lv-NC and blank control
groups, which indicate that ANGPTL2 was conducive
to the proliferation and invasion of gastric cancer
cells.
Sheng WZ, Chen YS, Tu CT, He J, Zhang B, Gao WD. ANGPTL2
expression in gastric cancer tissues and cells and its biological
behavior. World J Gastroenterol 2016; 22(47): 10364-10370
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i47/10364.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i47.10364

INTRODUCTION
[1-4]

Cancer has a high morbidity and mortality
. In
China, with the improvement of the economy and
the enormous change in lifestyle and eating habits,
the morbidity and mortality of gastric cancer have
increased annually. In addition, the progression of this
disease has become complex. Latest research has
found that angiopoietin-like protein 2 (ANGPTL2) is
highly expressed in human tissues of the intestine, fat,
retina and heart. Furthermore, more research related
to the significant high expression of ANGPTL2 in
pulmonary cancer tissues, as well as distant metastasis
in lung tissues and lymph nodes, has emerged,
indicating that ANGPTL2 promotes pulmonary can
[5-12]
cer cell proliferation and invasion
. The study of
[13]
Teicher
also estimated its high expression in soft
tissue sarcomas, implicating that ANGPTL2 may
accelerate the progression of soft tissue sarcomas. In
addition, some studies have reported high expression
of ANGPTL2 in various malignant tumors, illustrating
that ANGPTL2 is likely to enhance the proliferative

WJG|www.wjgnet.com

[14-18]

and invasive ability of these tumor cells
. Despite
the intimate connection between ANGPTL2 and mul
tiple malignant tumors, there are few studies of its
expression level and proliferative and invasive ability in
gastric cancer, suggesting a need for further in-depth
studies.
Our principle aims in the present study were to
investigate the expression level of ANGPTL2 in gastric
cancer and normal stomach, and determine its effect
in gastric cancer cell proliferation and invasion through
western blotting and 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) and Transwell
assays. This could help to provide a novel target for
better gastric cancer therapy.

MATERIALS AND METHODS
Materials

Sixty patients diagnosed and confirmed with gastric
cancer in Zhongshan Hospital in Shanghai from
December 2012 to January 2015 were enrolled in
the present study. Patients’ age ranged between 25
and 80 years, with a median age of 51 years. Tumor
tissues and normal adjacent cancer tissues were
gathered and designated as the experimental and
control groups, respectively. Informed consent from
patients’ family members and approval from the Ethics
Committee of the institution were obtained before the
tissues were collected as experimental specimens. In
addition, GES-1, N87, SGC7901, BGC823 and PAMC82
cells were all provided by the China Typical Culture
Preservation Center.

Western blotting

Total protein was extracted from cell lysates (with
protease inhibitors) and protein concentration was
measured by the Bradford method. Polyacrylamide
gel was prepared by placing in a sufficient running
buffer. Then, protein samples were loaded based on
the concentration measured before. Electrophoresis
was started at 50 V, and adjusted to 100 V when the
samples were entered into the separation gel. After
electrophoresis was over, all samples were transferred
onto a PVDF membrane. The membrane was incubated
with blocking buffer for 2 h, followed by primary
antibody incubation overnight at 4 ℃ on a rotator. The
next day, the primary antibody was discarded and the
membrane was washed three times. The membrane
was incubated with a secondary antibody for 1 h at
room temperature, and was washed three times after
that. Finally, exposure was performed and data was
analyzed in detail.

Lentivirus infection

PAMC82 gastric cancer cells were collected and
5
seeded onto six-well plates with a standard 10 /ml
cell suspension density at 2 ml/well, followed by
lentivirus infection after 2 h. Cells were divided into
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Table 1 Association of ANGPTL2 expression with pathological features
Group
Tumor differentiation

High-medium differentiation
Low differentiation
T1 + T2
T3 + T4
Metastatic
Non-metastatic

T stage
Lymph node metastasis

n

Gray value of ANGPTL2

T value

P value

17
43
22
38
35
25

0.500 ± 0.221
0.821 ± 0.240
0.402 ± 0.198
0.803 ± 0.280
0.680 ± 0.210
0.404 ± 0.153

-4.770

0

-5.907

0

5.591

0

ANGPTL2: Angiopoietin-like protein 2.

GES-1

N87

SGC7901

BGC823

PAMC82

RESULTS
Relationship between expression of ANGPTL2 and
clinical parameters

ANGPTL2
β-actin

Figure 1 Western blot detected the protein expression of ANGPTL2 in
gastric cell lines. ANGPTL2: Angiopoietin-like protein 2.

the ANGPTL2 overexpression group (Lv-ANGPTL2),
ANGPTL2 interference group (Lv-ANGPTL2-shRNA)
and control group (Lv-NC). Ultimately, uninfected cells
were removed through screening.

MTT assay

The PAMC82 gastric cancer cell suspension was
seeded into 96-well plates, keeping it within 5000 cells
and 100 µl of cell suspension per well, and cultured
in an incubator. This included three replicates for each
group, and four 96-well plates were used in total. A
20-µl MTT solution was added into the plates on days
1, 2, 3 and 4. Then, cells were incubated for 4 h, the
culture solution was discarded, and DMSO solution
was added. Absorbance value was measured after 10
min.

Transwell assay

PAMC82 gastric cancer cell strains were divided into
three groups: Lv-ANGPTL2, Lv-ANGPTL2-shRNA and
6
Lv-NC groups. Afterwards, 300 µL of cells at 10 /mL
density were plated into the invasive chamber, cultured
in an incubator for 1 d, and OD value was detected.

Statistical analysis

SPSS version 17.0 software was used to analyze all
data. Gray and OD values of ANGPTL2 and β-actin
protein were expressed as mean ± SD. Comparisons
of ANGPTL2 protein gray values between high-medium
and poor tumor differentiation, T1 + T2 and T3 +
T4, and lymph node metastasis and non-lymph node
metastasis groups were implemented by t test. t test
was also performed on gray and OD values of LvANGPTL2, which were compared with Lv-NC and the
blank control group; while Lv-ANGPTL2-shRNA was
compared with Lv-NC-shRNA and the blank control
group.
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Through western blot analysis, gray values of ANGPTL2
in tumor adjacent tissues and gastric cancer tissues
were 0.680 ± 0.110 and 0.058 ± 0.009, respectively.
Compared to tumor adjacent tissues, the expression
of ANGPTL2 in gastric cancer tissues was markedly
elevated, and the difference was significant (t =
43.654, P = 0.000). Furthermore, the expression level
of ANGPTL2 was closely related to the differentiation
of gastric cancer, lymph node metastasis and T
stage. The higher the malignant level, the greater the
expression of ANGPTL2 (Table 1).

ANGPTL2 protein levels by Western blot assay

The difference in protein expression was analyzed in
normal gastric cell strain GES-1 and the four gastric
cancer cells (N87, SGC7901, BGC823 and PAMC82)
by western blotting. The protein expression level of
ANGPTL2 in the four cancer cells (N87, SGC7901,
BGC823 and PAMC82) was 1.1-, 1.3-, 1.8- and 2.1-fold,
respectively, compared to the normal human gastric
cell strain. ANGPTL2 protein expression levels in the
four gastric cancer cell strains were significantly higher
than in the normal gastric cell strain GES-1 (P < 0.05).
In addition, β-actin protein expression level in the
five cell strains was consistent, showing no significant
difference (Figure 1).

Detection of ANGPTL2 overexpression and knockdown
level in gastric cancer strains

To investigate the function of ANGPTL2 in gastric
cancer cell proliferation, we overexpressed ANGPTL2 in
the PAMC82 gastric cancer cell strain through lentivirus
infection. Lv-ANGPTL2, Lv-NC, Lv-ANGPTL2-shRNA
and Lv-NC-shRNA (four vectors) were constructed to
infect the PAMC82 gastric cancer cell strain. ANGPTL2
levels in the above-mentioned cells and two blank
control cells were collected and analyzed using
western blotting. ANGPTL2 protein level in the LvANGPTL2-infected PAMC82 gastric cancer cell strain
was significantly higher than in Lv-NC infected and
blank control cells. Protein levels in the infected LvANGPTL2-shRNA PAMC82 gastric cancer cell strain
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Figure 2 Stable overexpression of ANGPTL2 contributed to proliferation
of gastric cancer cells. aP < 0.05 vs the control group and Lv-NC group.
ANGPTL2: Angiopoietin-like protein 2.

Figure 3 Knockdown of ANGPTL2 weakened the proliferation of gastric
cancer cells. aP < 0.05 vs the control group and Lv-NC-shRNA group.
ANGPTL2: Angiopoietin-like protein 2.

Table 2 Comparison of the gray value of ANGPTL2 protein
in blank control, Lv-NC and Lv-ANGPTL2 PAMC82 gastric
cancer cells

Table 4 Stable overexpression of ANGPTL2 contributed to
the invasive ability of PAMC82 gastric cancer cells
Group

Group

ANGPTL2/β-actin

Blank control
Lv-NC
Lv-ANGPTL2

Blank control
Lv-NC
Lv-ANGPTL2

0.53 ± 0.02
0.55 ± 0.02
0.90 ± 0.03a
a

Compared to the blank control and Lv-NC groups, P < 0.05, n = 3.
ANGPTL2: Angiopoietin-like protein 2.

Compared to the blank control and Lv-NC groups, bP < 0.01, n = 3.
ANGPTL2: Angiopoietin-like protein 2.

Table 5 Knockdown of ANGPTL2 weakened the invasive
ability of PAMC82 gastric cancer cells

Table 3 Comparison of the gray value of ANGPTL2 protein
in blank control, Lv-NC-shRNA and Lv-ANGPTL2-shRNA
PAMC82 gastric cancer cells
Group

Group
Blank control
Lv-NC-shRNA
Lv-ANGPTL2-shRNA

ANGPTL2/b-actin

Blank control
Lv-NC-shRNA
Lv-ANGPTL2-shRNA

0.99 ± 0.04
0.95 ± 0.02
0.49 ± 0.03a

were significantly lower than in the Lv-NC-shRNA and
control cell strains. The inner reference protein β-actin
had no obvious change (Tables 2 and 3).

MTT assay was performed to detect the effect of
the proliferative ability of PAMC82 gastric cancer
cell strains with overexpression and knockdown of
ANGPTL2 levels. There was a similar rising tendency
without apparent difference at 4 d in the Lv-NC and
Lv-NC-shRNA groups, compared to the blank control
group. Nevertheless, on days 2-4, cell proliferative
ability in the Lv-ANGPTL2 group was evidently higher
than in the Lv-NC and blank control groups, and this
was significantly lower in the Lv-ANGPTL2-shRNA
group (Figures 2 and 3).
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OD
0.301 ± 0.021
0.299 ± 0.013
0.156 ± 0.018b

Compared to the blank control and Lv-NC-shRNA groups, bP < 0.01, n = 3.
ANGPTL2: Angiopoietin-like protein 2.

Compared to the blank control and Lv-NC-shRNA groups, aP < 0.05, n = 3.
ANGPTL2: Angiopoietin-like protein 2.

ANGPTL2 elevated the proliferative ability of gastric
cancer cells

OD
0.279 ± 0.020
0.281 ± 0.019
0.451 ± 0.008b

ANGPTL2 improved the invasive ability of gastric cancer
cell strains

Transwell assay was performed to detect the role
of ANGPTL2 in PAMC82 gastric cancer cell strain
invasion. Results indicate that cell invasive ability in
the Lv-ANGPTL2 group was significantly higher than
in the Lv-NC and blank control groups. In contrast,
invasive ability in the Lv-ANGPTL2-shRNA group was
significantly lower compared to the Lv-NC-shRNA and
blank control groups (Tables 4 and 5).

DISCUSSION
The morbidity of gastric cancer has increased with
economic development and changes in dietary
[19-22]
patterns
. Furthermore, Helicobacter pylori
infection, gastric polyps, and gastritis can lead to
[23-27]
[28]
gastric cancer
. Recently, Kadomatsu et al found
a novel secreted glycoprotein, ANGPTL, which is highly
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expressed in adult hearts, as well as in fatty tissues.
This protein has a similar function as angiopoietin,
which probably regulates vascular endothelial cell
function and migration, and angiogenesis. Research
has shown that the overexpression of ANGPTL2 in
fatty tissues in mice might result in inflammation
and invasion of macrophages. Furthermore, the
expression of interleukin (IL)-1, IL-6 and tumor
necrosis factor inflammation factors in fatty tissues
[29-31]
was evidently higher than in wild-type mice
. Even
though we are aware of ANGPTL2, its expression
level in gastric cancer and its effects on gastric cancer
cell proliferative and invasive ability remain unclear.
Hence, our purpose in the present study was to
explore the difference in expression level of ANGPTL2
between gastric cancer and normal stomach, as well
as its impact on gastric cancer cell proliferation and
invasion, thereby providing a novel target for better
gastric cancer therapy.
The present study indicates that ANGPTL2 protein
level in gastric cancer tissues significantly increased
compared to normal stomach tissues, which was also
closely related to tumor differentiation, T stages and
lymph node metastasis. Gastric cancer cells with poor
differentiation had higher ANGPTL2 protein levels;
protein levels in T3 + T4 gastric cancer revealed a
higher degree than in T1 + T2 gastric cancer; and
ANGPTL2 protein expression levels in gastric cancer
with lymph node metastasis was significantly higher
compared to that in non-metastatic cancer; estimating
that ANGPTL2 might accelerate the incidence of gastric
cancer. Research has shown that a lifetime after
pulmonary cancer operation is negatively correlated
with ANGPTL2 expression in pulmonary tissues, and
ANGPTL2 expression level in pulmonary cancer cells
could accelerate the invasion and metastasis of cells
[5,6]
through autocrine and paracrine mechanisms
.
The high expression of ANGPTL2 in gastric cancer
probably exerted similar effects as the pulmonary
tumor, accelerating gastric cancer cell invasion and
metastasis, as well as the incidence and progression of
gastric cancer.
Next, western blotting was performed to analyze
the protein expression of ANGPTL2 at the translational
level. ANGPTL2 protein expression was higher in
gastric cancer cell strains BGC823 and PAMC82, and
was 1.8- and 2.1-fold compared to that in normal
gastric cell strains. As for the two other gastric cancer
cell strains, N87 and SGC7901 cells had elevated
ANGPTL2 protein expression levels that were slightly
lower compared to normal levels. The probable
explanation is that the N87 and SGC7901 cell lines
had a lower metastatic capacity and the BGC823 and
PAMC82 cell lines had a higher degree of malignancy,
[32-34]
which exhibited strong migratory ability
. Recent
studies have reported that the carcinogenic capacity
[35,36]
of PAMC82 cells is higher than that of N87 cells
.
In addition, compared to the N87 and SGC7901 cell
lines, ANGPTL2 protein expression in the BGC823
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and PAMC82 cell lines was higher, demonstrating that
ANGPTL2 expression was greater in gastric cancer cells
with a higher degree of malignancy.
The present study used PAMC82 cells that belonged
to poorly differentiated gastric carcinoma cell strains,
which strengthened gastric cancer proliferation and
[37]
invasion studies . Due to the higher efficiency of the
lentivirus infection, we used the lentivirus infection to
[38]
interfere with and overexpress ANGPTL2 protein .
The overexpression and knockdown of ANGPTL2
protein was satisfactory, with the confirmation of
western blot for the sequential study.
MTT and Transwell assays demonstrated that
ANGPTL2 accelerated gastric cancer cell strain
PAMC82 propagation and invasion, but interference
with ANGPTL2 expression obviously blocked this
phenomenon reversibly. The above findings suggested
that ANGPTL2 contributed to gastric cancer cell strain
[39]
proliferation and migration. Gao et al
found that
ANGPTL2 inhibited apoptosis by disturbing the tumor
intracellular signaling pathway, which accelerated cell
growth and facilitated invasion. Other studies have
indicated that ANGPTL2 can enhance the activity of
the Rec-1/NF-кB pathway, promoting angiogenesis
and facilitating the migration of THP-1 by conjugation
[40]
with integrin , and playing a critical role in tumor
[41-43]
proliferation and invasion
. As a consequence, we
hypothesize that ANGPTL2 is likely to reduce apoptosis
through conjugation with integrin, which facilitates
the expression of certain proteins, and activates the
corresponding pathway to accelerate gastric cancer cell
invasion and migration. However, ANGPTL2 probably
promotes gastric cancer cell invasion and migration
through other approaches as well, which need to be
further explored.
Although there were limitations to this study, such
as the small number of samples, it was successful in
general. In conclusion, ANGPTL2 protein expression
levels were higher in gastric cancer tissues compared
to tumor adjacent tissues. ANGPTL2 protein expression
levels in gastric cancer cell strains were significantly
higher than in normal gastric epithelial cell strains.
Furthermore, the higher the degree of malignancy
of gastric cancer tissues and cell strains, the higher
the expression level of ANGPTL2 became. Moreover,
ANGPTL2 contributed to gastric cancer cell strain
propagation and migration, which may be used as
a novel target for the treatment of human gastric
cancer. To understand further the function of ANGPTL2
in gastric cancer occurrence and progression, we
need to conduct further in-depth studies on the role
of ANGPTL2 upstream regulating factors, to provide a
new target for gastric cancer therapy.

COMMENTS
COMMENTS
Background

In China, with the improvement of the economy and the enormous change in
lifestyle and eating habits, the morbidity and mortality of gastric cancer has
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increased annually. In addition, the progression of this disease is complex.
7

Research frontiers

This latest research found that angiopoietin-like protein 2 (ANGPTL2) was
highly expressed in human tissues in the intestine, fat, retina and heart.
Furthermore, more research related to the high expression of ANGPTL2 in
pulmonary cancer tissues, as well as in distant metastasis to lung tissues and
lymph nodes, has emerged, indicating that ANGPTL2 promotes pulmonary
cancer cell proliferation and invasion. Teicher et al also estimated its high
expression in soft tissue sarcoma, implicating that ANGPTL2 might accelerate
the progression of soft tissue sarcoma. In addition, some studies have
reported high expression of ANGPTL2 in various malignant tumors, illustrating
that ANGPTL2 is likely to increase the proliferative and invasive ability of
these tumor cells. Despite the intimate connection between ANGPTL2 and
multiple malignant tumors, there were few studies on its expression level and
proliferative and invasive ability in gastric cancers, suggesting the need for
further in-depth studies.

Innovations and breakthroughs

ANGPTL2 protein expression level in gastric cancer tissues and cell strains
was significantly higher. The higher the degree of malignancy of the tumor, the
higher the expression level of ANGPTL2 protein. ANGPTL2 contributed to the
proliferation and invasion of gastric cancer cells. In clinical treatment, ANGPTL2
may become a new target for the treatment of gastric cancer.

8

9

10

11

Applications

Compared to tumor adjacent tissues, ANGPTL2 protein expression levels were
higher in gastric cancer tissues. ANGPTL2 protein expression levels in gastric
cancer cell strains were significantly higher than in normal gastric epithelial cell
strains. The higher the degree of malignancy of gastric cancer tissues and cell
strains, the higher the expression level of ANGPTL2. In addition, ANGPTL2
contributed to gastric cancer cell strain propagation and migration, which may
be used as a novel target for the treatment of human gastric cancer.
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Abstract
AIM
To evaluate the risks of medical conditions, evaluate
gastric sleeve narrowing, and assess hydrostatic
balloon dilatation to treat dysphagia after vertical
sleeve gastrectomy (VSG).
METHODS
VSG is being performed more frequently worldwide
as a treatment for medically-complicated obesity,
and dysphagia is common post-operatively. We
hypothesize that post-operative dysphagia is related
to underlying medical conditions or narrowing of the
gastric sleeve. This is a retrospective, single institution
study of consecutive patients who underwent sleeve
gastrectomy from 2013 to 2015. Patients with previous
bariatric procedures were excluded. Narrowing of a
gastric sleeve includes: inability to pass a 9.6 mm
gastroscope due to stenosis or sharp angulation or
spiral hindering its passage.
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RESULTS
Of 400 consecutive patients, 352 are included; the
prevalence of dysphagia is 22.7%; 33 patients (9.3%)
have narrowing of the sleeve with 25 (7.1%) having
sharp angulation or a spiral while 8 (2.3%) have a
stenosis. All 33 patients underwent balloon dilatation
of the gastric sleeve and dysphagia resolved in 13
patients (39%); 10 patients (30%) noted resolution
of dysphagia after two additional dilatations. In a
multivariate model, medical conditions associated with
post-operative dysphagia include diabetes mellitus,
symptoms of esophageal reflux, a low whole blood
thiamine level, hypothyroidism, use of non-steroidal
anti-inflammatory drugs, and use of opioids.
CONCLUSION
Narrowing of the gastric sleeve and gastric sleeve
stenosis are common after VSG. Endoscopic balloon
dilatations of the gastric sleeve resolves dysphagia in
69% of patients.
Key words: Obesity; Bariatric surgery; Vertical sleeve
gastrectomy; Dysphagia; Stomach dilatation
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vertical sleeve gastrectomy (VSG) is rapidly
becoming the most commonly performed bariatric
surgical procedure. Post-operative dysphagia is present
in 22.7% of patients after VSG. Medical conditions
significantly associated with post-operative dysphagia
include diabetes mellitus, symptoms of esophageal
reflux, low whole blood thiamine level, hypothyroidism,
use of non-steroidal anti-inflammatory drugs, and
use of opioids. After VSG, 9.3% of patients develop
narrowing of the gastric sleeve. In patients with
dysphagia after sleeve gastrectomy and evidence for
narrowing of the gastric sleeve, hydrostatic balloon
dilatations of the gastric sleeve leads to resolution of
dysphagia in 69% of patients.
Nath A, Yewale S, Tran T, Brebbia JS, Shope TR, Koch TR.
Dysphagia after vertical sleeve gastrectomy: Evaluation of risk
factors and assessment of endoscopic intervention. World J
Gastroenterol 2016; 22(47): 10371-10379 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i47/10371.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i47.10371

INTRODUCTION
Obesity is a leading predisposing factor internationally
[1]
for multiple chronic diseases including hyperchole
sterolemia, type 2 diabetes mellitus, hypertension,
osteoarthritis, asthma, and decreased health status.
The rapid rise in the prevalence of overweight [Body
mass index (BMI) ≥ 25] and obese (BMI ≥ 30)
individuals is concerning and has been described
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[1]

as a global pandemic . In the years between 1980
and 2013, the worldwide combined prevalence of
overweight and obesity individuals increased by 47.1%
[2]
for children and 27.5% for adults .
Dietary and activity program or the addition of
weight loss medications generally do not induce
sufficient weight loss or provide long term maintenance
[3,4]
of weight loss
, especially for individuals with
medically-complicated obesity. Surgical interventions
have been shown to result in more effective and
sustained weight loss as compared to non-surgical
interventions in multiple randomized controlled and
[5,6]
cohort studies .
Vertical sleeve gastrectomy (VSG) is a newer
and effective surgical option for the management of
[7]
medically-complicated obesity . VSG was initially
introduced as a modification of the biliopancreatic
diversion, but was then combined with the duodenal
[7]
switch as a staged procedure (to try to reduce the
[7]
complication rate). In the early report by Hess et al ,
gastrectomy was performed by stapling alongside a
40 French dilator passed along the lesser curvature of
the stomach. VSG became more commonly performed
for treatment of medically-complicated obesity after it
was reported to be effective in producing weight loss
[8]
as the first stage of this modified procedure . VSG is
now the most commonly performed bariatric surgery
in the United States and of 196000 bariatric surgeries
[9]
performed in 2015, 53.8% were VSG . VSG is also
the second most common bariatric surgery worldwide.
According to a worldwide survey from 2013, 37% of
[10]
468609 bariatric surgeries were a VSG .
VSG is mainly a restrictive procedure in which the
gastric fundus and body are surgically excised, leaving
[11]
a narrow, lesser-curvature based stomach . Despite
proven benefits in the management of medicallycomplicated obesity, VSG can produce complications
including a leak or perforation along the staple line,
bleeding, significant gastroesophageal reflux, gastric
fistula, dilation of the gastric sleeve, inadequate weight
[12-14]
loss, and stenosis of the gastric sleeve
.
Dysphagia and postoperative emesis are commonly
[13,14]
encountered after sleeve gastrectomy
, but few
studies have simultaneously addressed the causes
of and the treatment of this complication. Given the
rapid rise in the number of VSGs performed, gastroen
terologists will be frequently consulted for dysphagia in
patients with history of VSG. The suggested treatment
strategies to manage narrowing of the gastric sleeve
include conservative medical therapy, endoscopic
hydrostatic balloon dilation, pneumatic achalasia
[13-15]
balloon dilation, or surgical intervention
. Due to
a lack of evidence, currently there are no guidelines
for a standardized management plan for symptomatic
[15]
narrowing of the gastric sleeve after VSG .
Our hypothesis is that post-operative dysphagia is
related to underlying medical conditions or narrowing
of the gastric sleeve. The primary aims of this study
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of individuals who have undergone VSG include: evalu
ation of the risks of medical conditions that may be
associated with post-operative dysphagia, evaluation
of the prevalence of narrowing of the gastric sleeve
in patients presenting for post-operative dysphagia,
and assessment of hydrostatic balloon dilatation of
the gastric sleeve as a symptomatic treatment of VSG
patients with post-operative dysphagia.

MATERIALS AND METHODS
Approval for human studies was obtained from the
Human Studies Subcommittee of MedStar Research
Institute (Hyattsville, MD, United States) on December
17, 2015. This is a retrospective, single institution
study performed in a large, urban community hospital.
Clinical and endoscopic electronic medical records of
400 consecutive patients who underwent VSG in our
Center for Bariatric Surgery from 2013 to 2015 have
been reviewed.
This study includes individuals of age 18 years
2
old or above who have a BMI > 34.9 kg/m and who
underwent VSG. Exclusion criteria includes a history
of a prior bariatric procedure, less than 6 mo of follow
up after surgery, onset of dysphagia less than 2 wk
after VSG, and identification of pregnancy during postoperative visits (for a total of 48 individuals).
Briefly, all VSG procedures were performed
laparoscopically and included staple line reinforcement.
After initial mobilization of the greater curvature of the
stomach by division of the gastrocolic and gastrosplenic
ligaments, a 36 French Maloney dilator was then
passed along the lesser curvature of the stomach to
the pylorus. An Ethicon Echelon Stapler with a 60 mm
length cartridge was used to perform the gastrectomy.
The gastrectomy specimen was then removed from the
abdomen through an epigastric port site.
The standard protocol for our bariatric program
includes our suggesting that all patients begin one
daily multivitamin with minerals prior to VSG and then
increase to using two daily multivitamins with minerals
after VSG for the first one year. Routine follow up for
patients who underwent VSG were scheduled at 2 wk,
6 wk, and 6 mo post-operatively, and then every 6
mo thereafter. Non-steroidal anti-inflammatory drug
use and opioid use are recorded at each visit. For
patients with dysphagia, use of non-steroidal antiinflammatory drug use and use of opioid is recorded
at the onset of dysphagia. Since the mean time
period to the onset of dysphagia is 13 wk, use of nonsteroidal anti-inflammatory drugs and use of opioids in
patients with dysphagia at 6 wk follow up is compared
to documentation of non-steroidal anti-inflammatory
drug use and opioid use at 6 wk follow up in patients
without dysphagia.
A survey of national bariatric programs by the Ad
Hoc Nutrition Committee of the American Society for
Metabolic and Bariatric Surgery reported that initiating
a mechanically altered soft diet is recommended ≥ 2
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[16]

wk post-operatively . We therefore include dysphagia
that began ≥ 2 wk after VSG in our final analysis. Each
patient’s age, sex, race, weight, height, body mass
index, history of diabetes mellitus, medication history,
serum vitamin B12 level, folic acid level, whole blood
thiamine level, thyroid function tests, magnesium
levels, presence of nausea with emesis, abdominal
pain, constipation, symptoms of gastroesophageal
reflux, dysphagia, and the post-operative time of onset
of dysphagia are recorded.
All patients with symptomatic dysphagia had been
offered upper endoscopy to look for the presence of
mucosal changes such as esophagitis, gastric sleeve
stenosis, or ulceration. Narrowing of the gastric sleeve
is defined by either an inability to pass a 9.6 mm
Olympus video gastroscope due to stenosis of the
gastric sleeve or sharp angulation or a spiral of the
gastric sleeve hindering passage of a 9.6 mm Olympus
gastroscope. Endoscopic reports are reviewed to
record presence of narrowing of the gastric sleeve. All
of the patients with narrowing of the gastric sleeve had
been offered endoscopic hydrostatic balloon dilation
using a Boston Scientific through-the-scope controlled
radial expansion (CRE) single use esophageal balloon
dilator with balloon inflations of 10 mm to 18 mm for
1 min periods. Patients with recurrent or persistent
symptoms and narrowing of the gastric sleeve were
offered repeat dilatations of their gastric sleeve in
order to achieve resolution of symptoms. The clinical
outcomes of these interventions are recorded.
Statistical analysis has been performed by a
biomedical statistician. In our statistical analysis of
the continuous variables, differences in the averages
between two groups are tested by two sample t-test
when normality assumption is satisfied. The nonparametric Wilcoxon rank sum test is used when
2
normality assumption is not satisfied. χ and Fisher
exact (when cells have counts less than 5) tests as
appropriate are used to investigate differences for
categorical variables between groups. A p-value ≤
0.05 is accepted as a statistically significant difference.
For multiple categorical variables associated with
dichotomous outcome, stepwise multiple logistic
regressions is performed to develop a multivariate
model. The confounding factor is corrected for the
variables in logistic regression. The results are reported
as OR and 95%CI.

RESULTS
Of 400 consecutive patients who underwent VSG with
our three bariatric surgeons in our Center for Bariatric
Surgery from 2013 to 2015, 352 study subjects are
included in the final analysis and 48 subjects were
not included due to our exclusion criteria. As shown in
Table 1, the mean age of the study population is 47.0
years old (± 10.8) with a range of 19 to 75 years. The
2
pre-operative mean body mass index is 47.5 kg/m
2
with a range of 35 to 82 kg/m . This is a female-
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Table 1 Summary of the pre-operative demographics of 352
study subjects who underwent vertical sleeve gastrectomy

14

Characteristics

value

10

352

8

47.0 ± 10.8
19-75

6

296 (84.1%)
56 (15.9%)

2

Total patients (n)
Age (yr)
mean ± SD
Range
Gender
Women
Men
Body mass index (kg/m2)
Mean
Range
Race
African-American
Caucasian
Other

8
5

5

4

0

47.5 ± 8.2
35-82
277 (78.7%)
61 (17.3%)
14 (4.0%)

predominant study and 84% of the study subjects are
women. The majority (79%) of this study population
is African-American, which is representative of the
predominant population served by our hospital center.
Out of the 352 study subjects, 80 individuals
(22.7%) report an onset of dysphagia at up to 2 years
during their follow up after VSG. The mean time to
the onset of symptoms is 13.1 wk (range: 2-60 wk) in
these 80 patients.
As shown in Table 2, there is increased prevalence
of diabetes mellitus in those individuals who develop
postoperative dysphagia compared to individuals with
no dysphagia (p < 0.01). Patients with symptoms
of gastroesophageal reflux (p < 0.0001) show an
increased risk toward the development of postoperative
dysphagia. There is also a statistically significant
relationship between postoperative dysphagia and
low whole blood thiamine levels (p = 0.008), low
thyroid blood test (p = 0.003), non-steroidal antiinflammatory drug use at 6 wk post-operatively
(p = 0.018), and opioid narcotic use at 6 wk postoperatively (p = 0.05) as determined through stepwise
logistic regression (summarized in Tables 2 and 3). No
statistical correlation between age, gender, body mass
index, abnormal vitamin B12 level, abnormal folic acid
level, or abnormal magnesium level and post-operative
dysphagia is seen (see Table 2).
Out of 80 patients with dysphagia, 55 patients
agreed to undergo upper endoscopy. Thirty-three of
these patients (9.3% of the total study population)
have narrowing of their gastric sleeve. Among these
33 individuals, 25 (7.1% of the total study population)
have sharp angulation or spiral of the gastric sleeve
while 8 (2.3% of the total study population) have
evidence for stenosis of the gastric sleeve. All of these
33 individuals with narrowing of their gastric sleeve
underwent endoscopic hydrostatic balloon dilation as
an initial intervention. As shown in Figure 1, among
these 33 study subjects, 13 individuals (39.4%) note
resolution of their symptoms after a single dilation, 5
individuals (15.2%) required two sessions of dilation
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13

12

2

One
dilatation

Two
dilatations

Three
dilatations

Only partial
No
improvement improvement
with dilatations

Figure 1 Response of study subjects with narrowing of the gastric sleeve
after vertical sleeve gastrectomy. This figure shows the number of individuals
(on the Y axis) who underwent one, two or three or more dilatations (on the x
axis) of their gastric sleeve and then obtained full, partial, or no resolution of
their symptom of dysphagia.

for symptomatic relief, 5 individuals (15.2%) required
three sessions of balloon dilation for symptomatic
relief, while 8 individuals (24.2%) obtained only partial
symptomatic resolution after multiple hydrostatic
balloon dilations of their gastric sleeve. Two (6%)
individuals describe no clinical improvement despite
multiple balloon dilations of their gastric sleeve.

DISCUSSION
Dysphagia is a commonly encountered symptom
[13-15]
after VSG
. A novel feature of this present study
is the use of a multivariate analysis to examine
potential medical risk factors in individuals with postoperative dysphagia after VSG; individuals with
endoscopic evidence for narrowing of their gastric
sleeve are simultaneously treated by hydrostatic
balloon dilatation of the sleeve to try to obtain relief
from dysphagia. Individuals with immediate (up to 2
wk post-operative) dysphagia were excluded from our
study population. Any individual with immediate postoperative dysphagia is excluded because most patients
will experience mild symptoms of swallowing difficulty
immediately after VSG. An immediate post-operative
symptom of dysphagia may be due to edema of the
gastric staple line, inflammation of the gastric mucosa
after the procedure, or the use of opioids for post[13,14]
operative pain
. Subacute to chronic dysphagia
persisting after two weeks requires careful follow-up
evaluation since it may evolve into a chronic and
disabling disorder inducing malnutrition, which is an
indication for consideration of revisional surgery with
[12]
conversion to Roux-en-Y gastric bypass .
There is presently a paucity of data with regards
to the prevalence of dysphagia as a postoperative
complication after VSG. We evaluated the prevalence
of dysphagia after VSG and its time of onset after
this surgical procedure. In our present study, the
prevalence of postoperative dysphagia was 22.7%
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Table 2 Summary of the statistical analyses of clinical characteristics of 352 study subjects after vertical sleeve gastrectomy n (%)
Characteristics
Age
Body mass index (kg/m2)
Gender
Female
Male
Race
African-American
Caucasian
Asian
Hispanic
Others
Diabetes mellitus
Yes
No
Symptom of esophageal reflux
Yes
No
Normal blood thiamine level
Yes
No
Normal vitamin B12 level
Yes
No
Normal serum folic acid level
Yes
No
Normal thyroid function test
Yes
No
Normal serum magnesium level
Yes
No
NSAID use (6 wk follow up)
Yes
No
Opioid use (6 wk follow up)
Yes
No

Dysphagia (n = 80)

No dysphagia (n = 272)

P value

48.0 ± 11.0
47.8 ± 8.4
n = 80
71 (88.8)
9 (11.3)
n = 80
66 (82.5)
9 (11.3)
0 (0.0)
0 (0.0)
5 (6.3)
n = 80
36 (45.0)
44 (55.0)
n = 80
55 (68.8)
25 (31.3)
n = 42
31 (73.8)
11 (26.2)
n = 45
42 (93.3)
3 (6.7)
n = 43
42 (97.7)
1 (2.3)
n = 36
28 (77.8)
8 (22.2)
n = 20
18 (90.0)
2 (10.0)
n = 80
25 (31.3)
55 (68.8)
n = 80
15 (18.8)
65 (81.3)

46.7 ± 10.7
47.4 ± 8.3
n = 272
225 (82.7)
47 (17.3)
n = 272
211 (77.6)
52 (19.1)
3 (1.1)
3 (1.1)
3 (1.1)
n = 272
78 (28.7)
194 (71.3)
n = 272
44 (16.2)
228 (83.8)
n = 106
96 (90.6)
10 (9.4)
n = 117
117 (95.9)
5 (4.1)
n = 119
118 (99.2)
1 (0.8)
n = 83
80 (96.4)
3 (3.6)
n = 27
26 (96.3)
1 (3.7%)
n = 272
51 (18.8)
221 (81.3)
n = 272
29 (10.7)
243 (89.3)

0.32
0.72
0.19

0.038

0.006

< 0.0001

0.008

0.49

0.46

0.003

0.57

0.017

0.05

NSAID: Non-steroidal anti-inflammatory drug.

Table 3 Summary of odds ratio estimates using logistic regression analysis in individuals with and without dysphagia after vertical
sleeve gastrectomy
Effect

Point estimate

History of diabetes mellitus
Esophageal reflux symptoms
Low blood thiamine level
Low thyroid blood testing
NSAID use at 6 wk
Opioid use at 6 wk

95% Wald confidence limits

2.035
11.397
3.406
7.619
1.970
2.183

1.218
6.430
1.321
1.888
1.122
1.093

3.399
20.201
8.784
30.740
3.456
4.361

NSAID: Non-steroidal anti-inflammatory drug.

(excluding dysphagia symptoms during the first
two weeks after the procedure) and the mean time
of onset was 13.1 wk (range: 2-60 wk) among the
352 patients who underwent VSG at our Center for
Bariatric Surgery. In support of our first hypothesis,
statistical analysis does identify multiple medical
conditions associated with dysphagia after VSG.
In our patient population, the odds of developing
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dysphagia is 2.035 (95%CI: 1.22-3.40) in patients
with a history of diabetes mellitus prior to VSG (p
= 0.006). Abnormal gastrointestinal motility is a
recognized complication of longstanding diabetes
mellitus and has been attributed to gut autonomic
[17]
neuropathy leading to reduced contractility . In a
large population based survey by Bytzer and associates
of 8657 individuals, diabetes mellitus was associated
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with an increased prevalence of upper gastrointestinal
[18]
symptoms as compared with controls . In a case[19]
control study of 40 patients by Horowitz et al ,
delayed upper gastrointestinal emptying was related
to plasma glucose concentrations and occurred more
frequently in patients with Type 2 diabetes mellitus. In
addition to hyperglycemia, pre-existing gut autonomic
neuropathy in diabetic patients could further exacer
bate dysphagia.
In our patient population, the odds of developing
dysphagia is 7.62 (95%CI: 1.89-30.74) in patients with
low blood thyroid level (p = 0.003). Gastrointestinal
motility and thyroid hormone levels are closely related.
Studies have shown that hypothyroidism prominently
decreased gastroesophageal motility via reduced
velocity and amplitude of esophageal peristalsis with a
[20,21]
decrease in lower esophageal sphincter pressure
. In
our study, a significantly higher proportion of patients
with dysphagia have low thyroid hormone levels
compared to those without dysphagia, supporting
evaluation of thyroid function testing in patients with
dysphagia after VSG.
Out of the 352 patients in this study, whole blood
thiamine levels are available in 148 individuals. Low
whole blood thiamine levels are present in 26.2%
of patients with dysphagia compared to 9.4% of
patients with no dysphagia (p = 0.008). In our patient
population, the odds of developing dysphagia is 3.406
(95%CI: 1.32-8.78) in patients with a low whole blood
thiamine level. Stores of thiamine can become depleted
as quickly as within 2 to 3 wk, and thiamine deficiency
[22,23]
commonly involve multiple organ systems
.
Symptoms of nausea, vomiting and dysphagia have
been observed in a significant proportion of individuals
[22,23]
with thiamine deficiency
. Thiamine deficiency is
a known complication of bariatric surgery, and in a
previous prospective study we found an 18% prevalence
of thiamine deficiency in patients after gastric bypass
[24]
[25]
surgery . In parallel work, Van Rutte et al reported
a 5.5% prevalence of thiamine deficiency one year after
[26]
VSG, while Saif et al reported thiamine deficiency in
14.3% and 30.8% of patients 3 years and then 5 years
after VSG.
In our patient population, the odds of developing
dysphagia is 11.397 (95%CI: 6.43-20.20) in patients
with symptoms of gastroesophageal reflux (p = 0.001).
Documented symptoms of gastroesophageal reflux or
evidence for reflux esophagitis at upper endoscopy is
seen in 68.8% of our patients with dysphagia compared
to 16.2% of patients without dysphagia. In previous
work, authors had reported improvement in the
preexisting symptoms of gastroesophageal reflux after
[12,27]
VSG
. However, a complex interplay of anatomical
and physiologic factors after VSG could contribute to
[28]
worsening of reflux. Braghetto et al
examined the
effects of VSG on the lower esophageal sphincter. A
hypotensive lower esophageal sphincter was observed
in 85% of their patients at 6 mo after VSG. Baumann
[29]
et al
evaluated post-operative changes after VSG
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with multislice computed tomography. Out of the 27
patients, 10 had proximal migration of the staple line,
with 4 of these patients complaining of persistent
regurgitation despite continuous acid suppressive
therapy. Using high-resolution impedance manometry
with 24-h pH and intraluminal impedance, Del Genio
[30]
et al
demonstrated an increase in ineffective
esophageal peristalsis, incomplete bolus transit,
and retrograde flow within the esophagus. Similar
to a hiatal hernia, dilated fundus may function as a
[31]
[32]
reservoir predisposing to reflux . Yehoshua et al
demonstrated low distensibility of the sleeve by perioperatively insufflating the abdomen with carbon
dioxide; therefore removal of the majority of fundus
may result in reduced accommodation.
In our present study, the odds of developing
dysphagia is 1.97 (95%CI: 1.12-3.46) in patients recei
ving a non-steroidal anti-inflammatory drug for 6 wk
after VSG (p = 0.016). Non-steroidal anti-inflammatory
drug use can commonly cause esophageal mucosal
injury in the form of non-reflux esophagitis. Zayach
[33]
kivska et al
reported that naproxen increased
the corneal and epithelial cell layer thickness of the
esophagus and produced disorganization of the muscle
plate and irregular submucosal edema. The authors
documented that naproxen suppressed endogenous
hydrogen sulfide synthesis, a critical factor for
[33]
submucosal protection and repair .
Our present study shows that the odds of deve
loping dysphagia is 2.183 (95%CI: 1.09-4.36) in
patients taking opioids for 6 wk after VSG (p = 0.05).
The effects of opioids on esophageal function and
motility may benefit from further study. Studies using
healthy volunteers showed that morphine decreased
[34]
lower esophageal sphincter relaxation . Case series
documented dysphagia in patients receiving intrathecal
[35,36]
fentanyl, possibly secondary to a central effect
.A
retrospective study examined patients who received
[37]
opioids and developed dysphagia ; the authors
documented manometric abnormalities including
abnormal lower esophageal sphincter relaxation during
swallows, hypertensive lower esophageal sphincter,
spastic achalasia-like esophageal dysmotility, and
[37]
abnormal esophageal body contractions .
In our present study, the prevalence of gastric
sleeve stenosis in patients who underwent VSG is 2.3%,
in agreement with previously reported prevalence
[38-43]
of 0.1% to 3.9%
. At upper endoscopy we also
identify 25 patients (or 7.1% of our study population)
who have sharp angulation or a spiral of the gastric
sleeve. Hydrostatic balloon dilatation of the gastric
sleeve leads to resolution of dysphagia in 39% of
patients, while two additional sessions of dilatation of
the gastric sleeve leads to resolution of dysphagia in
30% of patients with persistent dysphagia. In support
of our second hypothesis, narrowing of the gastric
sleeve is associated with dysphagia after VSG.
Narrowing or stenosis of the gastric sleeve is known
[44]
to cause dysphagia after VSG . We define stenosis in
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our study as obstruction of passage through the gastric
sleeve. Mechanical gastric sleeve stenosis has been
proposed to be caused by retraction of scar, oversewing
of the staple line at VSG, overtraction of the greater
curvature during stapling, or small hematomas or
[44,45]
leaks which heal as scar tissue
. Sharp angulation
or a spiral of the gastric sleeve could result from an
incomplete gastric sleeve stenosis or other mechanisms
such as asymmetrical lateral traction while stapling
leading to twisting of the gastric tube in a volvulus[46]
like mechanism . There could be indentation of the
incisura angularis within the gastric lumen creating
[47]
or a small Bougie dilator could create
a flap-valve
too tight of a sleeve in an area where gastric contents
[38,48,49]
cannot readily pass
.
For acute dysphagia, rehydration involves intra
venous fluids or frequent sips of small volumes of fluids.
Suggested management of subacute or chronic gastric
sleeve stenosis has included therapeutic endoscopic
[13,14,38,40,50]
intervention and surgical procedures
. Thera
peutic endoscopic interventions include hydrostatic
balloon dilatation with a repeat session as needed at 4
[49,51,52]
to 6 wk
or use of a pneumatic achalasia balloon
[53]
dilator. Parikh et al identified “short-segment” gastric
sleeve stenosis in 8 patients out of 230 patients who
underwent VSG, and endoscopic balloon dilatation
successfully resolved symptoms in all 8 patients with a
mean of 1.6 dilatations. Proposed surgical interventions
include revision of the sleeve gastrectomy, seromy
otomy, or Roux-en-Y gastric bypass. Due to the paucity
of data, there are presently no guidelines for the
management of symptomatic gastric sleeve stenosis
[15]
after VSG .

Limits of the study

Since this is a retrospective study, it shares limitations
with other retrospective studies which include difficulty
controlling for all variables, difficulty minimizing the
compliance of study subjects with regards to our
recommendations, difficulty with determination of
sample size (a power analysis could not be performed
because we were uncertain what the effect size would
be), and there is difficulty assessing the temporal
relationships. In addition, our study contains a large
proportion of African-American females from the
Northeast United States and so we are uncertain
whether our study results can be extrapolated to other
patient populations.
In conclusion, post-operative dysphagia is reported
by 22.7% of patients in up to 2 years of follow up
after VSG. Medical conditions that are significantly
associated with post-operative dysphagia include
diabetes mellitus, symptoms of esophageal reflux, a
low whole blood thiamine level, hypothyroidism, the
use of non-steroidal anti-inflammatory drugs, and the
use of opioids. After VSG, 9.3% of patients develop
stenosis or sharp angulation of the gastric sleeve.
Hydrostatic balloon dilatation of the gastric sleeve
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leads to resolution of dysphagia in 39% of patients,
while two additional sessions of dilatation of the gastric
sleeve leads to resolution of dysphagia in 30% of
patients with persistent dysphagia.
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Abstract
AIM
To characterize radiological and clinical factors
associated with subsequent surgical intervention in
Crohn’s disease (CD) patients with intra-abdominal
fistulae.
METHODS
From a cohort of 1244 CD patients seen over an eight
year period (2006 to 2014), 126 patients were identified
as having intra-abdominal fistulae, and included in the
study. Baseline patient information was collected from
the medical records. Imaging studies were assessed for:
anatomic type and number of fistulae; diameter of the
inflammatory conglomerate; length of diseased bowel;
presence of a stricture with pre-stenotic dilatation;
presence of an abscess; lymphadenopathy; and the
degree of bowel enhancement. Multivariate analysis for
the prediction of abdominal surgery was calculated via
Generalized Linear Models.
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RESULTS
In total, there were 193 fistulae in 132 patients,
the majority (52%) being entero-enteric. Fifty-nine
(47%) patients underwent surgery within one year
of the imaging study, of which 36 (29%) underwent
surgery within one month. Radiologic features that
were associated with subsequent surgery included:
multiple fistulae (P = 0.009), presence of stricture
(P = 0.02), and an entero-vesical fistula (P = 0.01).
Evidence of an abscess, lymphadenopathy, or intense
bowel enhancement as well as C-reactive protein levels
was not associated with an increased rate of surgery.
Patients who were treated after the imaging study with
combination immunomodulatory and anti-TNF therapy
had significantly lower rates of surgery (P = 0.01). In
the multivariate analysis, presence of a stricture [RR
4.5 (1.23-16.3), P = 0.02] was the only factor that
increased surgery rate.
CONCLUSION
A bowel stricture is the only factor predicting an
increased rate of surgery. Radiological parameters may
guide in selecting treatment options in patients with
fistulizing CD.
Key words: Crohn’s disease; Fistula; Cross-sectional
imaging; Intra-abdominal surgery; Magnetic resonance
imaging; Computed tomography-scan
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed a longitudinal cohort study to
identify radiological and clinical parameters that are
associated with surgery within one-year of diagnosis of
fistulae by cross-sectional imaging. We retrospectively
reviewed 126 Crohn’s disease (CD) patients with intraabdominal fistulae. Radiologic features that were
associated with subsequent surgery included: multiple
fistulae, presence of stricture, and an entero-vesical
fistula. Evidence of an abscess, lymphadenopathy, or
intense bowel enhancement was not associated with
an increased rate of surgery. In multivariate analysis
only the presence of a stricture was independently
associated with an increased rate of surgery. These
findings should be taken in to account when making
therapeutic decisions for patients with fistulizing CD.
Yaari S, Benson A, Aviran E, Lev Cohain N, Oren R, Sosna J,
Israeli E. Factors associated with surgery in patients with intraabdominal fistulizing Crohn’s disease. World J Gastroenterol
2016; 22(47): 10380-10387 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i47/10380.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i47.10380

These invasive complications result from an inflam
matory process which triggers the release of a variety
of proteases and matrix metalloproteinases in the
[1]
intestine leading to full-thickness bowel wall injury .
This can cause micro-perforation of the intestine, and
the development of a fistula, abscess or phlegmon.
The reported incidence of invasive complications of CD
ranges from 17% to 50%, with approximately half of
[2,3]
the fistulae being intra-abdominal .
Intra-abdominal fistulae are classified clinically into
two groups: those which form an internal connection
between two bowel layers or segments, and those
that occur between the intestine and other organs,
such as entero-vesical, rectovaginal, or abdominal wall
[4,5]
fistulae . The diagnosis of intra-abdominal fistulae
is usually made by cross sectional imaging, either
with magnetic resonance imaging (MRI) or computed
tomography (CT), and these imaging modalities are
the main tools for assessing the anatomy, extent, and
[6]
additional anatomic features of the disease . The
Lémann Index, which is being developed, incorporates
imaging parameters in order to measure cumulative
[7]
structural bowel damage in patients with CD .
However, there is currently no radiological grading
system for the assessment of fistulizing CD.
Treatment of intra-abdominal fistulae may be
medical or surgical. A prerequisite for medical therapy
is the control of local and/or systemic infection.
Medications that have been shown in studies to
manage perianal and intra-abdominal fistulae include
anti-tumor necrosis factor (TNF) agents, usually in
[8,9]
combination with thiopurines .
Surgery has the advantage of immediate resection
of the perforated segment of bowel, and excision of
the fistulous tract. Nonetheless, due to high recurrence
rates of disease, there is still a need for continuing
biologic therapy following surgical intervention. The
additional downside of surgery is that repeated
resections and/or extensive resections can be asso
ciated with short bowel syndrome with metabolic and
nutritional derangements.
The choice between surgical and medical treatment
of fistulizing CD is often difficult and currently there are
no guidelines to help aid in this decision. Furthermore,
penetrating CD behavior at onset, has been shown
[10]
to be associated with a long diagnostic delay . If
certain findings on imaging can help guide subsequent
management then it may assist clinicians in providing
more rapid and appropriate treatment. The aim of
this study was to characterize the radiologic features
of cross sectional imaging of patients with intraabdominal penetrating CD, and identify radiological
and clinical parameters which are associated with
subsequent surgical intervention for CD patients.

INTRODUCTION

MATERIALS AND METHODS

Entero-invasive sequelae are frequently encountered
complications in patients with Crohn’s disease (CD).

Participants
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In this retrospective, longitudinal study we reviewed
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Figure 1 Axial, post contrast computed tomography (image of a 21 yr
male with first time presentation of Crohn's disease. There is approximately
20 cm distal ileal bowel segment involved in the disease with wall thickening
and increased enhancement (level 2). There are 2 fistula formation; one
entero-enteric between the distal small bowel and terminal ileum (long arrow)
and second, entero-colonic fistula involving the sigmoid bowel (short arrow).
The oral contrast material has not reached the colon at the time of the scan,
however it is seen in the sigmoid due to passage through the entero-colonic
fistula. A small amount of free fluid is seen on the left with a free air bubble from
suspected perforation (arrowhead). There is also pre stenotic dilatation proximal
to the fistulas, not seen in the image.

the medical records of all patients with an established
diagnosis of CD who were seen between February
2006 and August 2014 at the Hadassah-Hebrew
University Medical Center. Patients were included
in the study if they were hospitalized or seen as an
outpatient at the inflammatory bowel diseases (IBD)
clinic, had intra-abdominal fistulizing CD according
to cross-sectional imaging (CT or MRI) available
for analysis, and had a minimum of 1 year followup after the imaging study. We excluded all patients
who underwent surgery within 6 mo prior to imaging.
Penetrating disease at presentation was defined
when observed on an imaging study within 12 mo of
diagnosis of CD. This time-frame was chosen since
there is often a delay in pursuing cross-sectional
imaging with new onset CD. This study was reviewed
and approved by the Hadassah- Hebrew University
Helsinki committee.

Measurements

Evaluation of cross sectional imaging was performed
by an abdominal radiologist with 15 years of
experience in cross sectional imaging (JS), and
was blind to clinical data of the patients, including
the outcome (surgery). Imaging studies were reread for the study and assessed for the following
radiological signs associated with CD: anatomic type
and number of fistulae; diameter of the inflammatory
conglomerate; length of diseased bowel; presence
of a stricture with pre-stenotic dilatation (defined as
a narrowing of 50% or more of the bowel lumen);
presence of an abscess, and lymphadenopathy (nodes
> 10 mm in short diameter). In addition, the degree
of bowel enhancement was assessed according to the
[11]
study of Colombel et al and rated on a scale of 1-4,
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with 4 being the most intense bowel enhancement. A
representative imaging study is presented in Figure 1.
Baseline patient information was collected from
the medical records including: demographics, CD
phenotype, medication exposure, and time from
disease diagnosis to imaging. Follow-up patient
information was collected from medical records, and
in those cases in which sufficient information was not
available, phone calls or personal interviews were
conducted. Post-imaging clinical information that
was also collected included medication exposure and
surgical details (including the type of surgery and time
to surgery).
Due to the increased usage of anti-TNF agents
throughout the time period of the study, we divided
our cohort into two time periods. The early cohort
included patients who had imaging studies performed
between February 2006 and December 2009, and
the late cohort included patients with imaging studies
performed between January 2010 and August 2014.

Statistical analysis

Statistical analysis was performed using IBM SPSS
version 21. Univariate analysis was calculated via the
student t-test for continuous variables, Wilcoxon and
Kolmogorov tests for ordinal variables and Fishers’
Exact Test for categorical variables with Odds Ratio for
dichotomous variables.
Multivariate analysis was calculated via Generalized
Linear Models using ROC curve for estimating the
goodness of fit of the model and Kaplan Meier for
censor analysis of duration time to operation with
some risk categories defended in advance. The
statistical methods of this study were reviewed by Ron
Kedem MD, Phd.

RESULTS
Patient characteristics

According to documentation by cross-sectional imaging,
166 patients were recorded as having penetrating CD.
After evaluation by the research radiologist, imaging
studies from 132 patients were found to be eligible
for the study. Patients were excluded for the following
reasons: 11 patients did not actually have intraabdominal fistulizing CD, 10 cases were excluded
because previous surgery had been performed within
6-mo prior to imaging, and 13 were excluded because
the imaging did not enable adequate evaluation of the
anatomy (Figure 2).
Patient demographics and clinical characteristics are
listed in Table 1. Seventy-nine (60%) patients were
male with a mean age at the time of imaging of 31
years. Ninety-five percent of the patients were older
than 18 years. The average time from diagnosis of CD
to imaging was 87 mo, and 28 patients (21%) had
fistulizing CD at presentation. Fifteen patients (11%)
had prior intra-abdominal surgery as a consequence
of their CD and most (90%) patients did not have
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Table 1 Demographic, clinical and radiographic characteristics
of study cohort n (%)

1244 CD patients

166 patients
with diagnosis of
penetrating CD

132 imaging studies
available and reviewed

126 patients with
accessible
clinical information

90 patients did not
undergo surgery
within 1 mo

Excluded patients:
11 patients - no actual
fistula on review of imaging
10 patients underwent
surgery within 6 mo prior to
imaging
13 patients - suboptimal
visualization of cross
sectional anatomy

Number of patients
Male
Age at diagnosis
Age at time of imaging
Time from diagnosis to imaging, month, mean ± SD
Penetrating disease at presentation
Previous surgery1
Imaging before 2010
Treatment during fistula presentation2
No IM or anti-TNF
Only IM
Only anti-TNF
Anti TNF + IM
Radiological features
Total no. of fistulae
Anatomy of fistulae
Entero-enteric fistula
Entero-colonic fistula
Entero-cutaneous fistula
Entero-vesical fistula
Entero-soft tissue fistula
No. of fistulae per patient
One fistula
Two fistulae
Three or more fistulae
Additional radiological features, n ± SD (%)
Diameter of inflammatory conglomerate (cm)
Length of diseased bowel segment (cm)
Stricture
Abscess
Prominent lymphadenopathy
Treatment after fistula presentation
No IM or anti-TNF
Only IM
Only anti-TNF
Anti TNF + IM

6 patients with no accessible
clinical information

36 patients underwent
surgery within 1 mo
following imaging

23 patients underwent
surgery between 1 mo and 1
yr post-imaging

67 patients did not
undergo surgery
within 1 yr

Figure 2 Flow diagram of enrolment and patient outcomes. CD: Crohn’s
disease.

perianal disease at the time of imaging evaluation.
Out of 132 patients with at least one fistula on
imaging, detailed clinical and surgical treatment
characteristics prior to and after imaging were available
for 126 patients. At the time of imaging, 70 patients
were not treated with immunomodulators (IM) or antiTNF medications. Thirty-three patients were treated
with IM alone, 11 patients with anti-TNF monotherapy
and 12 patients with a combination of IM and antiTNF (Table 1). C-reactive protein (CRP) values were
elevated above the normal range in 42% of patients
and serum albumin levels were decreased in 30% of
patients.

Radiological features

Table 1 depicts the radiological characteristics of
the fistulae in the 132 imaging studies that were
evaluated. On imaging, 72 (55%) patients had one
intra-abdominal fistula, 49 (37%) had two fistulae and
11 (8%) patients had 3 or more fistulae. In total, there
were 193 fistulae with the majority of them (52%)
being entero-enteric fistulae.

WJG|www.wjgnet.com

132
79 (60)
24 (11.6)
31.3 (12.2)
87 (84)
28 (21)
15 (11)
66 (50)
70 (53)
33 (26)
11 (8)
12 (9)
193
103 (52)
35 (18)
28 (14)
15 (8)
12 (6)
72 (55)
49 (37)
11 (8)
10 ± 2.6
14.8 ± 17.5
31 (23)
45 (34)
40 (30)
54 (47)
28 (25)
19 (17)
12 (11)

1

Patients who had surgery within 6-mo prior to index imaging
were excluded. All previous surgeries included resection of bowel;
2
Detailed treatment characteristics available for 126 patients. IM:
Immunomodulators; TNF: Tumor necrosis factor.

The average diameter of the inflammatory conglo
merate was 10 ± 2.6 cm with an average diseased
bowel segment of 14.8 ± 17.5 cm. A stricture with prestenotic dilatation was present in 31 patients (23%),
and an abscess in 45 patients (34%). Prominent
lymphadenopathy was present in 40 patients (30%)
(Table 1).

Management after imaging

After imaging, twelve patients were treated with
combination therapy, 28 patients received IM monothe
rapy, and 19 patients received anti-TNF monotherapy.
Fifty-nine (47%) patients in our cohort underwent
surgery within one year of the imaging study and, of
these, 36 (29%) underwent surgery within one month
of the imaging study.

Parameters associated with surgery - univariate analysis

The analysis included 126 patients with adequate
clinical and treatment characteristics available (Table
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Surgery

-0.2

Total no. of patients
Age at diagnosis > 18
Age at diagnosis < 18
No fistulous disease at
presentation
Fistulous disease at
presentation
No perianal disease
With perianal disease
Lab parameters
CRP < 5 mg/L
CRP > 5 mg/L
Albumin > 35 mg/L
Albumin < 35 mg/L
Fistula
One fistula
Two fistulae
Three or more fistulae
Fistula type (anatomic)
Entero-enteric
Entero-vesical
Entero-colonic
Entero-cutaneic
No lymphadenopathy
Lymphadenopathy
No stricture
Stricture
No abscess
Abscess
Bowel enhancement of 1
Bowel enhancement of ≥ 2
Treatment before imaging
No treatment with IM or
anti-TNF
Immunomodulators (IM)
Anti-TNF
Anti-TNF + IM
Treatment after imaging
No treatment with IM or
anti-TNF
IM
Anti-TNF
Anti-TNF + IM

59 (47)
43 (46)
16 (48)
47 (49)

67 (53)
50 (54)
17 (52)
48 (51)

12 (39)

21 (61)

0.20

53 (46)
6 (50)

61 (54)
6 (50)

0.52

31 (45)
28 (49)
39 (44)
20 (53)

38 (55)
29 (51)
49 (56)
18 (47)

25 (37)
24 (50)
10 (91)

42 (63)
24 (50)
1 (9)

REF
0.17
0.009

47 (46)
12 (80)
17 (49)
17 (63)
40 (44)
19 (53)
40 (41)
19 (66)
35 (43)
24 (55)
18 (43)
41 (49)

56 (54)
3 (20)
18 (51)
10 (37)
50 (56)
17 (47)
57 (59)
10 (34)
47 (57)
20 (45)
24 (57)
43 (51)

REF
0.01
0.45
0.08

31 (44)

39 (56)

REF

13 (39)
6 (55)
9 (75)

20 (61)
5 (45)
3 (25)

0.98
0.46
0.04

35 (65)

19 (35)

REF

13 (46)
5 (26)
0 (0)

15 (54)
14 (74)
12 (100)

0.18
0.01
0.01

Risk for surgery

No surgery

P value

Clinical/laboratory/radiologic
parameter

0.49

P = 0.006

-0.4
-0.6
-0.8
-1.0
0

2

4

6

  8

10

12

t/mo

Figure 3 Survival rate free of resection-surgery. In this Kaplan-Meier
analysis, the rate free of resection-surgery is shown. High risk (solid line) more than one fistula or stricture or entero-vesical fistula. Low risk (dashed line)
- none of the above.

0.39
0.25

addition, there were no differences in CRP or serum
albumin levels between the two groups. Regarding
radiological characteristics, patients with multiple intraabdominal fistulae had a significantly higher percentage
of surgical interventions for CD when compared to those
with one fistula (P = 0.009), and this risk increased
as the number of fistulae increased. A significantly
increased rate of surgery was also demonstrated if a
stricture was present on imaging (P = 0.02), as well as
for patients with an entero-vesical fistula (P = 0.01).
Evidence of an abscess, lymphadenopathy, or intense
bowel enhancement on cross-sectional imaging was not
associated with an increased rate of surgery.
Figure 3 shows the Kaplan-Meier time to surgery
curves comparing those with at least one feature
associated with surgery (multiple fistulae, stricture
or entero-vesical fistula) and those with no features
associated with surgery. Over the course of one year
post-imaging, there was a significantly higher risk for
surgery (P = 0.006) among patients with at least one of
the features: multiple fistulae, stricture or entero-vesical
fistula.

0.26
0.02
0.14
0.33

2). Patients treated with combination therapy before
imaging had higher rates of surgery within one year of
the imaging study as compared to those who did not
receive IM or anti-TNF therapy (P = 0.04). In addition,
individuals treated with anti-TNF therapy and those
treated with combination therapy after imaging had
lower rates of surgery as compared to those who did
not receive treatment with immunomodulatory agents
or anti-TNF therapy (P = 0.01).
Comparison of patients who did or did not have
surgery within one year of the imaging study showed
that there were no differences in age at diagnosis or at
the time of the imaging study (less or above 18 years),
years since diagnosis, time-frame in which the imaging
was performed (before or after 2010), history of perianal
disease, or fistulous disease on CD presentation. In
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No
Yes
No-censored
Yes-censored

0.0

Table 2 Association of different parameters with surgery
within one year following imaging study n (%)

Parameters associated with surgery - multivariate
analysis

On analysis of all of the patients who underwent
surgery within the first year following surgery, only
stricture on imaging was independently associated
with surgery [RR = 2.7 (1.02-7.1, P = 0.045)] (Table
3). Three or more fistulae had a borderline association
with surgery at one year [RR = 9.2 (0.99-85.8, P =
0.05).

DISCUSSION
In our study we assessed radiological features of crosssectional imaging and clinical parameters in patients
with fistulizing CD. The presence of intestinal stricture
with proximal dilation of the bowel, was the only
radiological factor that was independently associated
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Table 3 Multivariate analysis of patients who underwent
surgery up to one year following imaging study
Parameter

RR (95%CI)

P value

Two fistulas
Three or more fistulas
Stricture
Entero-vesical fistula
Entero-cutaneous fistula
Anti-TNF before imaging
Anti-TNF + IM before imaging

1.52 (0.65-3.5)
9.23 (0.99-85.8)
2.70 (1.02-7.1)
3.61 (0.81-16.0)
2.18 (0.82-5.8)
2.63 (0.71-9.8)
3.86 (0.90-16.6)

0.330
0.051
0.045
0.090
0.120
0.150
0.070

IM: Immunomodulators; TNF: Tumor necrosis factor.

with a higher likelihood of surgery.
The likelihood of needing surgery within one year
was low when no risk factors (more than one fistula,
stricture or entero-vesical fistula) were present, with
more than 90% of the patients being free of surgery.
Conversely, among patients who had at least one of
the above risk factors, the surgery rate within one year
was over 40%.
Fistulizing CD is a common phenotype of CD with
up to 50% of patients developing this complication
[2,3]
within 20 years of diagnosis . Despite this high
incidence, evidence regarding medical treatment
of fistulizing CD is limited and is focused mainly
[12]
on perianal fistulizing disease . There are no
randomized-controlled trials on the effect of medical
treatment for non-perianal fistulizing CD, other than
the subgroups of the ACCENT II trial. Moreover, in
the ACCENT II trial, less than 10% of the patients on
Infliximab had a prior diagnosis of intra-abdominal
[13-15]
fistulae
. Intra-abdominal fistulizing CD comprises
a heterogeneous group of patients and conditions,
and its treatment is usually individually tailored. Thus,
performing prospective studies for assessing the
efficacy of treatment options is difficult.
Some retrospective studies and case series have
shown a higher surgical rate in patients with enterovesical fistulae, which may seem to indicate that
surgical intervention is preferable in certain clinical
[16]
situations . This may be due to the increased rate
of associated urinary tract infections and hesitance of
physicians to initiate immunosuppressive treatment
during active infection. However, in our study, the
higher risk of surgery associated with an entero-vesical
fistula was not significant. In one large retrospective
series, nearly all of the patients who underwent surgical
management of entero-vesical fistulae had subsequent
[16]
sustained remission . In a study of 37 patients with
entero-vesical fistulae who were initially managed
with medical therapy alone, 13 (35%) of the patients
maintained remission without surgery for a mean of 4.7
[17]
years . In addition, the study showed that sigmoid
origination of the entero-vesical fistula and concurrent
CD complications, such as abscess or small bowel
[17]
obstruction, were found to be risk factors for surgery .
In our cohort, it is interesting to note that the
presence of an abscess in itself was not significantly
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associated with a higher likelihood of surgery. This is
probably due to the efficacy of non-surgical aspiration
of abscesses (CT or ultrasound guided), in addition to
antibiotic therapy.
Another aspect evaluated in our study was to
determine if there was a difference in outcomes of
those who had penetrating CD on presentation as
compared to those who developed penetrating CD
later in the disease course. In the landmark review
[18]
paper by Cosnes et al
approximately 10% of
CD patients with ileal involvement presented with
penetrating disease, and the cumulative incidence
rose to approximately 33% and 50% after 10 and 20
years of follow-up. In our cohort 25% of the patients
had penetrating disease within 12 mo of diagnosis
while most of the patients developed penetrating
disease many years after diagnosis, with an average
lag time of approximately seven years. Patients with
penetrating disease at onset were not different from
the rest of the cohort in regards to demographic or
radiological parameters and the need for subsequent
surgical intervention.
In our study, more than half of the patients with
intra-abdominal fistulae did not have surgery within
one year. Of the 31 patients who were treated with antiTNF therapy after the imaging study, only five (16%)
underwent subsequent surgery within one year, and
none of the patients on combination therapy underwent
surgery. Analysis of the 82 patients who did not receive
anti-TNF therapy, showed that 48 (59%) underwent
surgery (P < 0.01) (Table 2). These results demonstrate
that medical therapy is a valid and often successful
treatment option in patients with fistulizing CD, and
that treatment with an anti-TNF agent under certain
conditions (e.g., when sepsis is controlled) is safe.
Another question we posed was whether medical
treatment before the time of imaging conferred a
higher risk for surgery. It would seem logical to think
that patients who developed an intra-abdominal fistula
despite treatment with anti-TNF therapy would be at
a higher risk for the need of surgery. This association
was significant in the univariate analysis for patients
who received combination therapy previous to the
imaging study (P = 0.04), but did not reach statistical
significance in the multivariate analysis. This may be
due to the small number of patients who received
combination therapy before the imaging study.
Of note, 48% of the patients were not treated
with an anti-TNF agent or IM after imaging diagnosis
of the fistula. This study includes patient information
dating as far back as 2006, when anti-TNF agents
were less accessible due to regulatory constraints. In
some instances, patients refused treatment or did not
pursue adequate follow-up in the IBD clinic. Patients
who received treatment with anti-TNF agents were
less likely to undergo surgery than those who did not
receive treatment with anti-TNF agents (16% vs 59%
respectively, P < 0.05).
The strengths of our study include a systematic
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and detailed analysis of radiological and clinical
parameters that are associated with intra-abdominal
fistulae. Furthermore, since a significant percentage of
patients were not treated with anti-TNF therapy after
the imaging study, this allowed us to directly compare
outcomes in these patients to those who were treated
with anti-TNF, and thus evaluate the efficacy of this
treatment in lowering the rate of surgery within one
year.
Our study also has limitations which are mainly
due to its retrospective nature. The decision for
surgery was influenced, not only by “objective” clinical,
laboratory or radiological parameters, but also by the
patients' wishes and the preferences of the treating
physician. Clinical parameters such as symptoms
(e.g., abdominal pain, pneumaturia) were also not
analyzed in this study. In order to limit patient bias in
the study we included hospitalized patients, as well
as ambulatory patients. A significant proportion of the
ambulatory patients were seen in the clinic several
weeks after the imaging study was performed, and
thus clinical parameters could not be assessed reliably
for all patients.
Another aspect that this study does not gauge is the
quality of life of patients. Often, patients who undergo
surgery have a good quality of life in the long term,
while patients with medical treatment may not have
complete resolution of symptoms and may have a lower
quality of life only to undergo bowel resection at a later
stage. Nonetheless, surgery is associated with inherent
risks and in the majority of these patients there is still a
need for continuing biologic therapy in order to prevent
recurrent complications. Thus, evaluating long-term
quality of life in CD patients to help determine ideal
timing of surgery would be difficult in any study.
The timing of surgery for invasive complications of
CD has evolved. Initial management of intra-abdominal
abscesses, in most cases, is often not surgical and
consists of percutaneous drainage and antibiotic
[19-21]
administration
. Given the complexity of patients
with fistulizing CD, many management questions still
remain, including the role of nutrition and the timing
of surgery for patients who fail to achieve a good
quality of life with medical treatment. Although difficult
to design due to the heterogeneity of fistulizing CD,
an effort should be made to undertake prospective
studies to determine the best management options for
patients with fistulizing CD.
In conclusion, our study demonstrates that the
presence of a stricture is the only radiological factor
that is independently associated with an increased
rate of surgery at one year in patients with fistulizing
CD. The use of radiological parameters may guide in
selecting treatment options.

fistulizing Crohn’s disease (CD) is often difficult and currently there are
no guidelines to help aid in this decision. Medications that are efficacious
in controlling intra-abdominal fistula include anti TNF agents, usually in
combination with thiopurines. Surgery has the advantage of immediate
resection of the perforated segment of bowel, and excision of the fistulous tract.
Nonetheless, due to high recurrence rates of disease, there is still a need for
continuing biologic therapy following surgical intervention.

Research frontiers

The authors’ group performed a retrospective cohort study, reviewing 126
cross-sectional studies of patients with intra-abdominal fistulae, and were able
to assess that a small bowel stricture was the only independent radiological
risk factor for surgery within 1-year. Not less importantly was the finding
that all other radiological features (e.g., presence of an abscess, significant
lymphadenopathy) were not associated with surgery and could be treated
by other measures (e.g., computed tomography (CT)-guided drainage of the
abscess, medical therapy).

Innovations and breakthroughs

This study suggests that with detailed analysis of cross-sectional imaging of
CD patients that present with intra-abdominal fistulae, the risk for surgery (i.e.,
failure of medical therapy), can be attained.

Applications

The findings of this study may assist clinicians in making a decision for
regarding treatment options of CD patient with intra-abdominal fistulae. A
patient with the lack of specific radiological parameters (small bowel-stricture)
has an excellent chance for deferring surgery if treated pharmacologically.

Terminology

Intra-abdominal fistulae are classified clinically into two groups: those which
form an internal connection between two bowel layers or segments, and those
that occur between the intestine and other organs, such as entero-vesical,
rectovaginal, or abdominal wall fistulae. The diagnosis of intra-abdominal
fistulae is usually made by cross sectional imaging, either with magnetic
resonance imaging or CT, and these imaging modalities are the main tools for
assessing the anatomy, extent, and additional anatomic features of the disease.

Peer-review

The authors report on patients with CD and imaging and evidence of fistulae.
The authors assess radiographic findings and correlate these with the primary
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Abstract

Informed consent statement: The requirement for individual
written informed consent was waived since the study was
retrospective in design, all patient information was anonymous
and only currently existing data was used.

AIM
To examine the clinical features and risk factors
for adverse outcomes in chronic hepatitis B (CHB)
superimposed with hepatitis E virus (HEV).
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METHODS
This retrospective cohort study included 228 patients
with acute HEV infection (showing clinical acute
hepatitis symptomology and positivity for anti-HEV
immunoglobulin M) with underlying CHB (confirmed
by positivity for hepatitis B surface antigen and/or
hepatitis B virus (HBV) DNA over 6 mo) who had been
admitted to the Shanghai Public Health Clinical Center,
which represents the regional tertiary hospital for
infectious diseases in Shanghai city, China. Data for
adverse outcomes were collected, and included severe
liver diseases (defined as liver failure and/or acute liver
decompensation) and liver-related mortality. Logistic
regression modeling was performed to determine the
risk factors for adverse outcomes.
RESULTS
The symptoms caused by superimposed acute hepatitis
E (AHE) were much more severe in cirrhotic patients
(n = 94) than in non-cirrhotic patients (n = 134), as
evidenced by significantly higher liver complications
(77.7% vs 28.4%, P < 0.001) and mortality rate (21.3%
vs 7.5%, P = 0.002). Most of the cirrhotic patients (n
= 85, 90.4%) had no prior decompensation. Among
the non-cirrhotic patients, superimposed AHE caused
progressively more severe diseases that corresponded
with the CHB disease stages, from immune tolerant
to immune reactivation phases. Few risk factors were
identified in the cirrhotic patients, but risk factors for
non-cirrhotic patients were found to be intermedia
te HBV DNA levels (OR: 5.1, P = 0.012), alcohol
consumption (OR: 6.4, P = 0.020), and underlying
diabetes (OR: 7.5, P = 0.003) and kidney diseases (OR:
12.7, P = 0.005). Only 28.7% of the cirrhotic patients
and 9.0% of the non-cirrhotic patients had received
anti-HBV therapy previously and, in all cases, the
efficacy had been suboptimal.
CONCLUSION
CHB-related cirrhosis and intermediate HBV DNA level
were associated with severe disease in superinfected
patients, and successful antiviral treatment might
counter this outcome.
Key words: Cirrhosis; Co-infections; Liver failure; Liver
decompensation; Stages of hepatitis B virus infection
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To determine whether status of chronic
hepatitis B (CHB) affects clinical outcomes of hepatitis
E virus (HEV) super-infections, we investigated
immunological phases, hepatitis B virus (HBV) serum
markers, HBV viral load and anti-viral treatments
among 228 patients with HBV-HEV co-infection. Wellcompensated patients were majorly affected by HEV
super-infections, and hepatitis B e antigen-negative
CHB patients had the worst clinical outcomes among
non-cirrhotics. Lack of proper anti-HBV treatment may
contribute to the worse outcomes. These data may help

WJG|www.wjgnet.com

to facilitate development of vaccination programs that
precisely target populations at risk of poor outcome
from HBV-HEV co-infections.
Chen C, Zhang SY, Zhang DD, Li XY, Zhang YL, Li WX, Yan
JJ, Wang M, Xun JN, Lu C, Ling Y, Huang YX, Chen L. Clinical
features of acute hepatitis E super-infections on chronic hepatitis B.
World J Gastroenterol 2016; 22(47): 10388-10397 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i47/10388.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i47.10388

INTRODUCTION
Viral hepatitis, including hepatitis A, B, C, D and E,
causing acute or chronic liver diseases, represents
severe threats to public health worldwide. In China,
where the hepatitis B virus (HBV) is endemic, the rate
of hepatitis B surface antigen (HBsAg) positivity among
the general population remains around 7.2%, with
93 million people diagnosed as chronic HBV carriers
despite the national HBV vaccination program. Chronic
hepatitis B (CHB) and its related diseases lead to
[1]
approximately 0.3 million deaths annually . Infection
with the hepatitis E virus (HEV) was previously thought
limited to developing countries with poor sanitation,
but it is gradually emerging as a prevalent disease
in developed countries as well. HEV mainly causes
sporadic symptomatic infections that are transmitted
zoonotically and associated with several risk factors,
including old age, male sex, socio-economic status
(such as rural area dwelling) and occupational ex
[2-7]
posure . On the other hand, the meat industry in
China is in the stage of rapid development, rapidly
replacing the traditional family farms, which can
lead to increased viral spreading between domestic
animals and contaminated meats will results in more
human infections. Therefore, in areas where CHB is
endemic, such as China, super-infections of HEV on
the CHB background are not uncommon. In fact, it
was reported that HBV-HEV co-infections represented
20%-40% of all symptomatic acute hepatitis E (AHE)
[8-11]
infections
.
It is well known that AHE superimposed on chronic
liver diseases (CLDs), especially cirrhosis, frequently
leads to severe disease, as exemplified by acute-on[8,12,13]
chronic liver failure (ACLF)
. However, CLDs vary
largely in their etiology, disease stages and treatments,
and it is still unclear whether these factors affect the
adverse clinical outcomes that have been observed
with HEV super-infections. Research into such issues
will provide valuable data for increasing the overall
understanding of the devastating diseases caused by
HEV super-infections and will facilitate the development
of future vaccination programs to precisely targeting
the risk populations at highest risk of having the worst
outcome from HBV-HEV co-infections.
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635 HEV IgM+ cases with abnormal liver tests
407 excluded:
71 for pregnancy;
336 for other viral infections (HAV, HCV, HDV, EBV, HSV,
HIV)
228 HEV-HBV cases included

94 cirrhotic patients
73 severe cases

134 non-cirrhotic patients
38 immune tolerance patients

9 decompensated patients
38 severe cases

21 mild cases

27 immune clearance patients

85 compensated patients
16 low or non-replication patients

96 mild cases

53 reactivation patients

Figure 1 Flow chart of admitted hepatitis E virus-hepatitis B virus co-infected cases. Patients were confirmed as severe cases according to whether or not they
had liver failure and/or liver decompensation. EBV: Epstein-Barr virus; HAV: Hepatitis A virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HEV: Hepatitis E virus;
HIV: Human immunodeficiency virus; HSV: Herpes simplex virus.

CHB and AHE diagnosis and definition of clinical
outcomes

MATERIALS AND METHODS
Patients

From September 2009 to September 2014, 635 acute
HEV-infected patients (showing clinical acute hepatitis
symptomology and anti-HEV immunoglobulin (Ig)M
positivity) were admitted to the Shanghai Public Health
Clinical Center, which represents the regional tertiary
hospital for infectious diseases in Shanghai city,
China. Four hundred and seven of those patients were
excluded from this study due to pregnancy, other viral
hepatitis etiology (e.g., hepatitis A, C or D virus) or
infection with Epstein-Barr virus, herpes simplex virus,
or human immunodeficiency virus; the remaining 228
HEV-HBV co-infection patients were included in this
retrospective study (Figure 1).

Detection

Anti-HEV IgM level was determined in serum from
patients by use of enzyme-linked immunosorbent
assay (ELISA) (MP Biomedicals Asia Pacific,
Singapore). Liver function was assessed by measuring
standard serum markers using a fully-automated
biochemical analyzer (7600 Series; Hitachi, Tokyo,
Japan). HBV DNA levels were quantified by real-time
PCR (ABI 7500; Applied Biosystems Inc., Foster City,
CA, United States), with lower detection limit of 500
copies/mL. HBV serological markers were detected
by ELISA (ARCHITECT i2000 SR; Abbott, Wiesbaden,
Germany). Routine blood panel was detected with an
automated hematology analyzer (XT-2000i; Sysmex,
Kobe, Japan). Prothrombin time (PT) was measured by
an automatic coagulometer (STA-R; Diagnostica Stago,
Asnieres-sur-Seine, France). The PT-international
normalized ratio (INR) was calculated.

WJG|www.wjgnet.com

CHB was confirmed by HBsAg and/or HBV DNA
[14]
positivity over the previous 6 mo . Cases of AHE
were identified by two consecutive positive tests
for anti-HEV IgM along with record of clinical acute
hepatitis symptomology in the hospital’s clinical
database. Liver failure and liver decompensation, or
both, were considered as the severe liver diseases in
these cases. Diagnosis of liver failure was based upon
INR ≥ 1.5 or prothrombin activity ≤ 40% and rapidly
progressing jaundice, with total bilirubin at 10 times
the upper limit of normal, or a daily increase of ≥ 17.1
[15]
μmol/L . Liver decompensation was defined by acute
development of one or more major complications of
the liver, including ascites, hepatic encephalopathy
(HE), gastrointestinal hemorrhage or bacterial
[16]
infections . Patient mortality was defined as death
related to liver disease within 3 mo from the disease
onset. Laboratory data on the day of admission were
collected for analysis.

Liver cirrhosis, natural course of CHB, and anti-HBV
therapy

Cirrhosis was diagnosed based upon liver biopsy results
and/or radiological evidence (computed tomography,
abdominal ultrasound or magnetic resonance imaging
showing nodular liver surface or evidence of increased
portal venous pressure, such as splenomegaly or the
[17]
presence of intra-abdominal collateral vessels) . The
four stages of the natural course of CHB were used in
this study: immune tolerant (IT), immune clearance
(IC), low or non-replication (LR), and reactivation
[18-20]
(RA)
. The IT stage was defined by the presence of
HBeAg, high levels of HBV DNA, normal or minimally
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elevated serum alanine aminotransferase (ALT),
normal or minimal liver histological activity, and scant
fibrosis. The IC stage was characterized by fluctuating
but progressively decreasing HBV DNA levels, elevated
ALT and hepatic necro-inflammation. The LR stage was
defined by negativity for HBeAg and positivity for antihepatitis B e antigen (anti-HBe), undetectable or low
levels of HBV DNA, persistently normal ALT levels and
inactive liver histology. The RA stage was characterized
by HBeAg negativity with anti-HBe positivity, detec
table serum HBV DNA levels, ALT elevation and
moderate or severe necro-inflammation with variable
[20]
fibrosis on liver biopsy .
Pre-anti-HBV therapy was defined as taking
nucleos/tide analogues (NUCs) for more than 3 mo
before the disease onset. Post-anti-HBV therapy
was defined as taking NUCs immediately after the
diagnosis of HBV-HEV co-infections. Pre-anti-HBV
therapy effectiveness was defined as > 2 log decline in
HBV DNA within 3 mo of treatment.

Medical history data

Demographic data, information regarding alcohol
consumption, cigarette usage and drug history, and
information of past medical history were retrieved
from the hospital’s clinical database. Drug history
focused on the prior exposure to potential hepatotoxic
medication before the onset of current symptoms.
For past medical history, the definition of other liver
diseases was the presence of one or more of the
following diseases: chronic hepatitis C, alcoholic
liver disease, fatty liver, autoimmune liver diseases,
schistosomiasis, primary hepatic carcinoma, hepatic
cyst and hepatic hemangioma. In addition, the
definition of other extrahepatic underlying diseases
was the presence of one or more previous associated
comorbidities affecting various relevant major organ
systems, including diabetes, hypertension, chronic
respiratory diseases (e.g., chronic obstructive pul
monary disease, bronchial asthma, bronchiectasis,
tuberculosis, phthisis), chronic kidney diseases (e.g.
kidney stone, renal cyst, chronic renal insufficiency,
chronic glomerulonephritis) and extrahepatic tumors.

Statistical analysis

Statistical analyses were performed using SPSS 18.0
software. Descriptive statistics (median and range
for continuous variables, frequency and percentage
for categorical variables) were used to summarize the
baseline demographics and disease characteristics
2
for HBV-HEV co-infected patients. The χ test or Fisher’s
exact test and Mann-Whitney U test or ANOVA test
were used to compare categorical and continuous
variables, respectively. Categorical variables included
baseline characteristics (i.e., smoker, sex), liver
complications (i.e., ascites, HE), adverse clinical
outcomes (i.e., severe diseases, mortality) and
medical history information (i.e., diabetes, chronic

WJG|www.wjgnet.com

respiratory diseases). Continuous variables included
age, laboratory parameters, jaundice and HBV DNA.
Multivariate logistic analysis was used for examining
the risk factors for severe liver diseases and patient
mortality in non-cirrhotic and cirrhotic HBV-HEV coinfected patients, respectively. P values < 0.05 were
considered statistically significant.

RESULTS
HEV super-infections led to severe adverse outcomes in
both cirrhotic and non-cirrhotic CHB patients

The data showed that HEV super-infections led
to severe adverse outcomes, with 48.7% of the
patients having liver failure and/or decompensation
and the short-term mortality rate reaching 13.2%
(Table 1). Since 94 (41.2%) patients had preexisting CHB-related cirrhosis, which generated
worse clinical outcomes by HEV super-infections, we
further compared the clinical features and laboratory
parameters between the cirrhotic and non-cirrhotic
patients (Table 1). HEV super-infections were found to
cause much more severe diseases with significantly
more liver complication events in the cirrhotic patients
(77.7%; Table 1) and their short-term mortality rate
was nearly 20%. These findings were significantly
different than those in the non-cirrhotic patients
(vs 28.4%, P < 0.001 and vs 7.5%, P = 0.002,
respectively). The cirrhotic and non-cirrhotic patients
also differed significantly in findings from several
biochemistry tests; specifically, levels of transaminase,
serum albumin, platelets and leukocytes were all
significantly lower, but INR was significantly higher in
the cirrhotic patients (Table 1).

Disease stage, HBV markers, anti-HBV therapy and preexisting comorbidities as related to clinical outcomes in
cirrhotic HBV-HEV co-infected patients

To determine whether clinical outcomes would be
affected by the severity of underlying cirrhosis,
patients with decompensated and well-compensated
cirrhosis were compared. There were only 9
decompensated patients (9.6%), in contrast to the 85
well-compensated ones. Except for a higher proportion
of HE in the decompensated group (66.7% vs wellcompensated group: 21.2%, P = 0.008), there was
no difference in short-term mortality rates (21.2% vs
22.2%, P = 0.973), and biochemistry tests between
the two groups were also similar (Table 2).
When examining the roles of HBV-related markers
and anti-viral therapy, extremely low rates of antiHBV treatment, both pre- (28.7%) and post- (42.6%),
were unexpectedly identified. Consistent with this
low level of anti-viral therapy, > 70% of the cirrhotic
patients had positive HBV DNA tests and > 40% even
5
had high levels of HBV DNA (> 5 × 10 IU/mL; Table
3). Although anti-HBV therapy was not significantly
associated with clinical outcomes, higher percentages
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Table 1 Baseline demographic characteristics, clinical features and laboratory data for hepatitis B virus-hepatitis E virus co-infected
patients
Characteristic
Baseline characteristics
Age (yr) (Q1-Q3)
Male sex, n (%)
Alcohol, n (%)
Smoker, n (%)
Clinical features, n (%)
Bilirubin > 10-fold ULN
Ascites
Infection
HE
GH
Outcomes of disease, n (%)
Severe disease
Mortality
Laboratory parameters
ALT (IU/L)
AST (IU/L)
Tbil (μmol/L)
ALB (g/dL)
INR
LEU count (109/L)
Platelet count (109/L)
NEU count (109/L)

P value

Total patients

Cirrhotic patients

Non-cirrhotic patients

(n = 228)

(n = 94)

(n = 134)

49 (37-58)
167 (73.3)
74 (34.5)
72 (31.6)

55 (44.8-62.3)
74 (78.7)
37 (39.4)
30 (31.9)

44 (35.0-53.3)
93 (69.4)
37 (27.6)
42 (31.3)

< 0.001
0.118
0.062
0.927

76 (33.3)
83 (36.4)
73 (32)
39 (17.1)
11 (4.8)

33 (35.1)
62 (66)
47 (50)
24 (25.5)
11 (11.7)

43 (32.1)
21 (15.7)
26 (19.4)
15 (11.2)
0

0.634
< 0.001
< 0.001
< 0.010
< 0.001

111 (48.7)
30 (13.2)

73 (77.7)
20 (21.3)

38 (28.4)
10 (7.5)

< 0.001
< 0.010

429.5 (89.8-966.8)
185 (74.5-475.0)
59.6 (16.9-246.8)
38.1 (34.4-40.9)
1.1 (1.0-1.3)
6.0 (4.6-7.2)
147.5 (97.8-182.3)
1.7 (1.2-2.2)

< 0.001
0.077
0.245
< 0.001
< 0.001
< 0.001
< 0.001
0.080

239.5 (62.5-773.5)
144 (63-422.5)
61.5 (19.0-257.6)
37.8 (32.1-40)
1.2 (1.0-1.6)
5.3 (4.1-7.1)
115 (78-163)
1.4 (1.0-1.9)

115 (10.8-456.8)
112 (54.5-364.5)
68.1 (22.8-296.5)
33.1 (28.7-36.7)
1.4 (1.2-1.8)
4.6 (3.3-6.6)
83 (53.8-114.3)
1.1 (0.8-1.5)

Data are presented as median (Q1-Q3) and number of patients (%). Severe disease was defined as liver failure and/or liver decompensation. ALB: Albumin;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GH: Gastrointestinal hemorrhage; HE: Hepatic encephalopathy; INR: International
normalized ratio; LEU: Leukocytes; NEU: Neutrophil; Tbil: Total bilirubin; ULN: Upper limit of normal.

of pre- and post-anti-viral therapy were found res
pectively in patients with mild diseases (38.1% vs
26.0%, P = 0.281 in patients with severe diseases;
Table 3) and surviving cases (52.8% vs 30.0%, P =
0.081 in fatal cases; Supplementary Table 1).
Finally, male sex (OR: 3.1, P = 0.038) and alcohol
usage (OR: 3.5, P = 0.060; Supplementary Table 2)
were identified to be likely associated with severe
diseases in cirrhotic patients, while pre-existing kidney
disease was linked to short-term mortality among
cirrhotic patients with severe liver diseases (OR: 13.7,
P = 0.008; Supplementary Table 3).

Table 2 Clinical features and laboratory data for hepatitis
B virus-hepatitis E virus co-infected patients with underlying
decompensated or compensated liver cirrhosis n (%)
Characteristic
Baseline characteristics
Age, yr (Q1-Q3)
Male sex
Alcohol
Smoker
Clinical features
Bilirubin > 10-fold ULN
Ascites
Infection
HE
GH
Outcomes of disease
Severe disease
Mortality
Laboratory parameters
ALT ( IU/L)
AST (IU/L)
Tbil (μmol/L)
ALB (g/dL)
INR
LEU count (109/L)
Platelet count (109/L)
NEU count (109/L)

P value

Decompensated

Compensated

(n = 9)

(n = 85)

58 (54.0-62.5)
8 (88.9)
2 (22.2)
3 (33.3)

55 (41.5-62.5)
66 (77.7)
35 (41.2)
27 (31.8)

2 (22.2)
8 (88.9)
6 (66.7)
6 (66.7)
1 (11.1)

32 (37.7)
54 (63.5)
41 (48.2)
18 (21.2)
10 (11.8)

0.480
0.160
0.486
< 0.010
0.982

9 (100)
2 (22.2)

64 (75.3)
18 (21.2)

0.200
0.973

51 (37.0-114.5)
81 (49.0-188.5)
39.5 (22.5-165.8)
28.7 (26.6-34.9)
1.5 (1.2-1.6)
3.9 (2.0-7.5)
54 (44.0-84.5)
2.8 (1.2-6.4)

122 (41.5-545.0)
118 (53.0-399.5)
85.7 (22.4-322.4)
33.2 (29.1-37.3)
1.4 (1.2-1.8)
4.6 (3.5-6.3)
85 (58.8-117.3)
3.0 (1.8-4.4)

0.094
0.253
0.433
0.114
0.995
0.516
0.080
0.933

0.183
0.679
0.475
0.982

Disease stage, HBV markers, anti-HBV therapy and preexisting comorbidities as related to clinical outcomes in
non-cirrhotic HBV-HEV co-infected patients

Data are presented as median (Q1-Q3) and number of patients (%). Severe
disease was defined as liver failure and/or liver decompensation. ALB:
Albumin; ALT: Alanine aminotransferase; AST; Aspartate aminotransferase;
GH: Gastrointestinal hemorrhage; HE: Hepatic encephalopathy; INR:
International normalized ratio; LEU: Leukocytes; NEU: Neutrophil; Tbil:
Total bilirubin; ULN: Upper limit of normal.
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The RA group, or the HBeAg-negative CHB patients,
had the worst outcomes among different stages of
CHB (Table 4). The proportions of severe diseases
(liver failure and/or decompensation) and shortterm mortality were 41.5% and 17.0%, respectively,
which were highest among non-cirrhotic groups and
even close to the figures observed in cirrhotic patients
(41.5% vs 77.7% and 17% vs 21.3% respectively;
Table 1 and Table 4). In contrast, the incidence of
severe diseases (13.2%) and mortality (2.6%) was
lowest in IT patients, while the proportions in the
IC and LR group fell between those for the IT and
RA groups (Table 4). Regarding findings from the
biochemistry tests, the different CHB groups also
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anti-HBV therapy was still noted for the patients with
mild disease (10.4% vs 5.3%, P = 0.508) (Table 5).
In addition, alcohol consumption (OR: 6.4, P =
0.020), pre-existing diabetes (OR: 7.5, P = 0.003) and
kidney diseases (OR: 12.7, P = 0.005) were identified
as independent predictors for severe diseases by
the multivariate logistic regression analysis with
adjustment for confounding factors (Table 6).

Table 3 Previous comorbidities, chronic hepatitis B-related
status and disease severity for co-infected cirrhotic patients
n (%)
Cirrhotic

Severe

Mild

(n = 94)

(n = 73)

(n = 21)

P value

Baseline characteristics
Age (yr) (Q1-Q3)
55 (44.8-62.3) 56 (45.5-62.5) 52 (38-62) 0.254
Male sex
74 (78.7)
61 (83.6)
13 (61.9)
0.065
Smoker
30 (31.9)
27 (37)
3 (14.3) < 0.050
Alcohol
37 (39.4)
31 (42.5)
6 (28.6)
0.251
Potential hepatoxic
8 (8.5)
8 (11)
0
0.192
medications
Pre-existing comorbidities, n (%)
Hypertension
12 (12.8)
8 (11)
4 (19.1)
0.456
Diabetes
10 (10.6)
9 (12.3)
1 (4.8)
0.448
Respiratory diseases
4 (4.3)
4 (5.5)
0
0.572
Kidney diseases
10 (10.6)
9 (12.3)
1 (4.8)
0.448
Other liver diseases
24 (25.5)
21 (28.8)
3 (14.3)
0.180
HBeAg positivity
32 (34)
22 (30.1)
10 (47.6)
0.136
HBV DNA positivity
69 (73.4)
52 (71.2)
17 (81)
0.374
HBV DNA < 500
25 (26.6)
21 (28.8)
4 (19.1)
0.374
IU/mL
500 ≤ HBV DNA <
31 (33)
22 (30.1)
9 (42.9)
0.275
5 × 105 IU/mL
HBV DNA ≥ 5 × 105
38 (40.4)
30 (41.1)
8 (38.1)
0.805
IU/mL
Pre-anti-HBV therapy
27 (28.7)
19 (26)
8 (38.1)
0.281
Effective
11 (11.7)
9 (12.3)
2 (9.5)
0.982
Post-anti-HBV therapy
40 (42.6)
34 (46.6)
6 (28.6)
0.141

DISCUSSION

Data are presented as median (Q1-Q3) or number of patients (%). The
severe cases included patients with liver failure, liver decompensation or
both; The remaining were regarded as mild cases. Respiratory diseases:
chronic obstructive pulmonary disease, bronchial asthma, bronchiectasis,
tuberculosis, phthisis; Kidney diseases: kidney stone, renal cyst, chronic
renal insufficiency, chronic glomerulonephritis; Other liver diseases:
chronic hepatitis C, alcoholic liver disease, fatty liver, autoimmune liver
diseases, schistosomiasis, primary hepatic carcinoma, hepatic cyst, hepatic
hemangioma. Pre-anti-hepatitis B virus (HBV) therapy consisted of
nucleos/tide analogues for more than 3 mo before the disease onset; Postanti-HBV therapy consisted of IFNα within 3 mo from the disease onset;
Therapeutic efficacy was defined as HBV DNA reduction by 2 log after
stable antiviral treatment for 3 mo.

differed significantly in their level of serum bilirubin (P
= 0.000), INR (P = 0.015) and level of leukocytes (P
= 0.035).
Next, we assessed the involvement of HBV
markers, anti-HBV therapy and other host factors in
the development of adverse clinical outcomes among
the non-cirrhotic patients (Table 5). Proportions of
HBeAg positivity (29.0% vs 56.3%, P = 0.004) and
5
high HBV DNA levels (> 5 × 10 IU/mL; 29.0%
vs 53.1%, P = 0.011) were much lower, while the
proportion with intermediate HBV DNA levels (500-5
5
× 10 IU/mL; 47.4% vs 18.8%, P = 0.001) was much
higher in the non-cirrhotic patients with severe liver
diseases.
We further found that both the pre- and postanti-HBV treatment rates were extremely low in the
non-cirrhotic CHB patients, only 9.0% and 22.4%
respectively. The low number of treated patients
precluded any significant result from the statistical
analysis; however, a higher percentage of previous
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Despite the national HBV vaccination campaign in
China, HBV remains endemic, with 7% of the total
[21,22]
Chinese population identified as afflicted with CHB
.
Meanwhile, recent epidemiological study in China
has indicated a past HEV infection rate of 20%-40%
(anti-HEV IgG positivity) and an additional 1% of new
[23-25]
infections annually
. Due to such high prevalence
of HBV and HEV, co-infections by both viruses are not
rare in China and nearly 20%-40% of all symptomatic
HEV infections were determined to occur on CHB
backgrounds, as reported previously and observed in
[7-10]
the present study
. On one hand, the underlying
CHB could predispose the co-infected patients to more
[10,11]
severe symptoms than HEV mono-infections
. On
the other hand, HEV infection may also aggravate
the clinical outcome of HBV infection, especially
[26]
under conditions of liver cirrhosis . Notably, HEV
super-infections were reported as the second most
prevalent precipitating factor in triggering ACLF in CHB
[27,28]
patients
, revealing a mutual influence among
the viral co-infections. However, CHB patients vary
significantly in their stages of infection, viral activity,
[14]
treatment strategies and liver functional reserves ,
all of which can greatly affect clinical outcomes during
HEV super-infections. To characterize the roles of these
HBV-related factors, we analyzed a large dataset of
228 HBV-HEV co-infected patients retrospectively.
Underlying HBV-related cirrhosis is a crucial deter
[11]
mining factor for disease severity . Most cirrhotic
patients with superimposed HEV-infections in our
study presented with liver failure, decompensa
tion or both, as compared to the non-cirrhotics.
Interestingly, comparison of patients with prior
compensated cirrhosis to those with decompensated
cirrhosis showed no difference in short-term mortality
rates for the two groups. This finding was surprising
but in agreement with the recent studies on ACLF;
whereas, the short-term mortality in patients with
prior decompensation were not worse than that in
[16,28]
compensated patients
. Additionally, a small
proportion of previously-decompensated patients was
identified in the current study, indicating that HEV
superinfection was a major threat to well-compensated
cirrhotic patients.
Cirrhosis is considered prerequisite for ALCF
in Western countries; however, in Asia, it is well
recognized that ACLF can develop in non-cirrhotic
[13,29]
patients, such as the CHB patients
. To date,
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Table 4 Clinical features and laboratory data for patients with non-cirrhotic hepatitis B virus-hepatitis E virus co-infections n (%)
IT
(n = 38)

IC
(n = 27)

LC
(n = 16)

RA
(n = 53)

P value

43 (30-52)
17 (44.7)
7 (18.4)
8 (21.1)

42 (34-51)
22 (81.5)
5 (18.5)
8 (29.6)

48 (39.3-58.8)
13 (81.3)
5 (31.3)
4 (25)

47 (36.0-56.5)
41 (77.4)
20 (37.7)
22 (41.5)

0.134
< 0.010
0.136
0.191

6 (15.8)
4 (10.5)
4 (10.5)
1 (2.6)

6 (22.2)
3 (11.1)
2 (7.4)
1 (3.7)

6 (37.5)
0
4 (25)
0

25 (47.2)
14 (26.4)
16 (30.2)
13 (24.5)

< 0.010
< 0.050
< 0.050
< 0.010

5 (13.2)
1 (2.6)

6 (22.2)
0

5 (31.3)
0

22 (41.5)
9 (17)

< 0.050
< 0.010

276.5 (77.5-520.5)
162 (66.3-471.0)
22.1 (10.5-42.9)
38.4 (35.0-40.8)
1.1 (1.0-1.2)
5 (4.3-6.5)
155 (102.3-205.3)
2.7 (2.3-3.7)

454 (214-822)
186 (108-527)
38.8 (15.0-162.3)
39.4 (35.1-42.0)
1.1 (1.0-1.2)
6.2 (5.0-6.9)
149 (103-190)
3.4 (2.8-4.2)

447 (70-1034.5)
200 (70.5-421.0)
148.4 (29.8-339.0)
36.5 (33.5-41.2)
1.1 (1-2)
6.1 (4.4-7.1)
126 (93-159)
3.7 (2.1-4.8)

0.231
0.854
< 0.001
0.199
< 0.050
< 0.050
0.072
0.144

Characteristic
Baseline characteristics
Age (yr ) (Q1-Q3)
Male sex
Alcohol
Smoker
Clinical features
Jaundice > 10 ULN
Ascites
Infection
HE
Outcomes of disease
Severe disease
Mortality
Laboratory parameters
ALT (IU/L)
AST (IU/L)
Tbil (μmol/L)
ALB (g/dL)
INR
LEU count (109/L)
Platelet count (109/L)
NEU count (109/L)

597.5 (156.75-1188.5)
266 (55.5-841.0)
160.3 (63.9-205.5)
36.5 (32.9-39.4)
1.1 (0.9-1.3)
7.2 (5.4-9.0)
177.5 (124.3-200.0)
3.9 (2.8-5.5)

Data are presented as median (Q1-Q3) and number of patients (%). Severe disease was defined as liver failure and/or liver decompensation. ALB: Albumin;
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HE: Hepatic encephalopathy; INR: International normalized ratio; LEU: Leukocytes;
NEU: Neutrophil; Tbil: Total bilirubin; ULN: Upper limit of normal.

Table 5 Previous comorbidities, chronic hepatitis B related status and disease severity for co-infected non-cirrhotic patients n (%)
Characteristic
Baseline characteristics
Age (yr) (Q1-Q3)
Male sex
Alcohol
Smoker
Potential hepatoxic medications
Pre-existing comorbidities
Hypertension
Diabetes
Respiratory diseases
Kidney diseases
Extrahepatic tumors
Other liver diseases
HBeAg positive
HBV DNA positivity
HBV DNA < 500 IU/mL
500 ≤ HBV DNA < 5 × 105 IU/mL
HBV DNA ≥ 5 × 105 IU/mL
Pre-anti-HBV therapy
Effective
Post-anti-HBV therapy

Non-cirrhotic (n = 134)

Severe (n = 38)

Mild (n = 96)

P value

44 (35-53.3)
93 (69.4)
37 (27.6)
42 (31.3)
18 (13.4)

47.5 (36-56.3)
30 (80.0)
18 (47.4)
16 (42.1)
9 (23.7)

44 (32.5-53)
63 (65.6)
19 (19.8)
26 (27.1)
9 (9.4)

0.167
0.131
< 0.010
0.091
< 0.050

13 (9.7)
15 (11.2)
9 (6.7)
10 (7.5)
2 (1.5)
24 (17.9)
65 (48.5)
98 (73.1)
36 (26.9)
36 (26.9)
62 (46.3)
12 (9)
3 (2.2)
30 (22.4)

4 (10.5)
9 (23.7)
3 (7.9)
8 (21.1)
1 (2.6)
6 (15.8)
11 (29.0)
29 (76.3)
9 (23.7)
18 (47.4)
11 (29.0)
2 (5.3)
1 (2.6)
10 (26.3)

9 (9.4)
6 (6.3)
6 (6.3)
2 (2.1)
1 (1.0)
18 (18.8)
54 (56.3)
69 (71.9)
27 (28.1)
18 (18.8)
51 (53.1)
10 (10.4)
2 (2.1)
20 (20.8)

0.986
< 0.050
0.713
< 0.010
0.488
0.687
< 0.010
0.601
0.556
< 0.010
< 0.050
0.508
0.991
0.493

Data are presented as median (Q1-Q3) or number of patients (%). P value was derived from comparisons between mild and severe cases. The severe cases
included patients with liver failure, liver decompensation or both; The remaining were regarded as mild cases. Respiratory diseases: chronic obstructive
pulmonary disease, bronchial asthma, bronchiectasis, tuberculosis, phthisis; Kidney diseases: kidney stone, renal cyst, chronic renal insufficiency, chronic
glomerulonephritis; Other liver diseases: chronic hepatitis C, alcoholic liver disease, fatty liver, autoimmune liver diseases, schistosomiasis, primary hepatic
carcinoma, hepatic cyst, hepatic hemangioma. Pre-anti-hepatitis B virus (HBV) therapy consisted of nucleos/tide analogues for more than 3 mo before the
disease onset; Post-anti-HBV therapy consisted of IFNα within 3 mo from the disease onset; Therapeutic efficacy was defined as HBV DNA reduction by 2
log after stable antiviral treatment for 3 mo.
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Table 6 Risk factors for disease severity in non-cirrhotic hepatitis B virus-hepatitis E virus co-infection
Risk factors

Odds ratio for severe liver diseases
1

Non-cirrhotic patients (n = 134)
Male sex
Age
Alcohol
Smoker
Potential hepatoxic medications
Diabetes
Hypertension
Respiratory diseases
Kidney diseases
Extrahepatic tumors
Other liver disease
HBeAg positive
HBV DNA status
HBV DNA < 500 IU/mL
500 ≤ HBV DNA < 5 × 105 IU/mL
HBV DNA ≥ 5 × 105 IU/mL
Pre-anti-HBV therapy
Effective
Post-anti-HBV therapy

Odds ratio (95%CI)

P value1

2 (0.8-4.8)
1 (0.9-1.1)
3.7 (1.6-8.2)
2.8 (1.2-6.7)
3 (1.1-8.3)
4.7 (1.5-14.2)
1.1 (0.3-3.9)
1.3 (0.3-5.4)
12.5 (2.5-62.3)
2.6 (0.2-42.1)
0.8 (0.3-2.2)
0.3 (0.1-0.7)

0.135
0.135
< 0.01
< 0.05
< 0.05
< 0.01
0.839
0.732
< 0.01
0.509
0.687
< 0.01

Reference
3 (1.1-8.1)
0.7 (0.2-1.8)
0.5 (0.1-2.3)
1.3 (0.1-14.4)
1.4 (0.6-3.3)

< 0.01
< 0.05
0.392
0.356
0.847
0.493

2

Odds ratio (95%CI)

P value2

6.4 (1.3-31.4)
0.4 (0.1-2.4)
2 (0.56-7.2)
7.5 (2-28.5)

< 0.05
0.341
0.296
< 0.01

12.7 (2.1-76)

< 0.01

0.4 (0.1-1.3)

0.118

Reference
5.1 (1.4-18.2)
2 (0.5-8.6)

< 0.05
< 0.05
0.347

1

Odds ratio (95%CI) and P value refer to single factor analysis; 2Odds ratio (95%CI) and P value correspond to multivariate logistic regression results. With
hepatitis B virus (HBV) DNA < 500 IU/mL as reference category respectively. Multivariate logistic regression models were used to assess the association
between various risk factors and severe disease. The severe cases included patients with liver failure, liver decompensation or both; The remaining were
regarded as mild cases. Respiratory diseases: chronic obstructive pulmonary disease, bronchial asthma, bronchiectasis, tuberculosis, phthisis; Kidney
diseases: kidney stone, renal cyst, chronic renal insufficiency, chronic glomerulonephritis; Other liver diseases: chronic hepatitis C, alcoholic liver disease,
fatty liver, autoimmune liver diseases, schistosomiasis, primary hepatic carcinoma, hepatic cyst, hepatic hemangioma. Pre-anti-HBV therapy consisted
of nucleos/tide analogues for more than 3 mo before the disease onset; Post-anti-HBV therapy consisted of IFNa within 3 mo from the disease onset;
Therapeutic efficacy was defined as HBV DNA reduction by 2 log after stable antiviral treatment for 3 mo.

little is known regarding the incidence of and risk
factors for ACLF in non-cirrhotics. In the present
study, we found a continuous increase in incidence
of liver failure and decompensation that followed the
progression of CHB in co-infected patients. Although
the observed outcomes in our study were liver failure
and decompensation, distinctive from the definition
of ACLF, these data still strongly suggested that no
such distinct predisposing boundary existed for ACLF
between the cirrhotic patients and non-cirrhotic
patients. For example, the proportions of severe
diseases and mortality in non-cirrhotic RA patients
were not far from those in the cirrhotics. Therefore,
these data indicate the involvement of underlying liver
functional reserves in the subsequent development
of more severe diseases in non-cirrhotics, suggesting
that patients with HBeAg-negative CHB are the
most vulnerable CHB population for symptomatic
HEV infections and should be targeted for possible
[30]
prophylactic vaccination . Consistent with this theory,
HBeAg negativity and intermediate HBV DNA levels
were identified as independent predictors for adverse
outcomes in co-infected non-cirrhotics.
Successful anti-HBV treatment can significantly
reduce the adverse clinical outcomes in CHB patients,
[31-33]
even in patients with decompensated cirrhosis
.
Therefore, it is tempting to ask whether clearance
of HBV would also affect the disease severity and
mortality in HBV-HEV co-infections. No conclusions
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regarding this issue could be made from the data
of previous studies, probably due to the mixed
analysis of cirrhotic and non-cirrhotic patients and
[10,11]
the relatively small sample sizes
. In the present
study, we were able to see a trend towards higher
pre-treatment rates in both cirrhotic and non-cirrhotic
subgroups when comparing patients with mild versus
severe liver diseases. We also found a remarkably
low proportion of previous anti-viral treatment in our
HBV-HEV co-infected cohort. Moreover, regarding
anti-HBV treatment after the onset of HEV superinfections, which may help to control potential HBVreactivation, we found that the overall proportions of
patients receiving anti-viral treatment were also low.
Yet, we found a trend towards a higher percentage
of post-anti-HBV treatment in the cirrhotic patients
who survived. It is tempting to speculate that such
low rates of both pre- and post-antiviral therapy
were likely to contribute to the adverse outcomes in
co-infected patients. Although the small number of
samples precluded our ability to detect any statistically
significant differences, we still strongly believe that
appropriate and effective treatment will help to
substantially reduce the incidence of symptomatic HEV
super-infections and to prevent its related adverse
outcomes.
Furthermore, we assessed the link between some
pre-existing comorbidities and the adverse clinical
outcomes in co-infected patients. We identified
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alcohol intake, previous diabetes and chronic kidney
diseases as independent predictors, in addition to HBV
markers. Previous studies have also identified alcohol
use as a risk factor for HEV-infection and disease
[7,34]
severity
. It is well known that kidney function may
[35,36]
become detrimentally impacted by liver failure
.
Accordingly, underlying kidney diseases might pre
dispose HBV-HEV-infected patients to subsequent
kidney failure in the setting of severe liver injury, which
in turn may lead to multi-organ failure and will almost
certainly increase the mortality rate. In addition, our
data was in agreement with that in a previous report
which demonstrated diabetes as an independent risk
[37]
factor for severe viral hepatitis . Therefore, treating
clinicians should pay close attention to the possibility
of superimposed HEV infection in CHB patients with
underlying diabetes and kidney diseases, as it might
lead to worse outcomes, especially if left undiagnosed.
Several limitations inherent to our retrospective
study design must be considered when interpreting
our findings. Since the analyzed data were retrieved
from the clinical database of our hospital, we may
have missed some crucial data that would have been
otherwise recognized in a prospective analysis of the
patients. Some diagnoses may have been inaccurate,
and we had no control over the follow-up duration
(by which we may have gained insight into longerterm outcomes). However, as highlighted in this
article, our cohort of HBV-HEV co-infected patients
was much larger than in previous studies and might
compensate for the above-mentioned limitations. The
major findings reported here were strongly supported
by the data, which ultimately contribute to a better
understanding of HEV-HBV co-infections.
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the devastating diseases caused by HEV-HBV super-infections.

Innovations and breakthroughs

Underlying CHB-related cirrhosis was found to pose a great risk for adverse
outcomes in patients with superimposed AHE. Hepatitis B e antigen-negative
CHB and intermediate HBV DNA levels were shown to be associated with
severe diseases in non-cirrhotic super-infected patients. The rather low rate of
anti-HBV therapy suggested that successful antiviral treatment might reduce
the risks of superimposed AHE.

Applications

This study provides valuable data for understanding the devastating diseases
caused by HEV-HBV super-infections and may facilitate the HEV vaccination
program to precisely target populations most at risk of poor outcomes.

Terminology

Acute hepatitis E was defined as clinical acute hepatitis symptomology and
anti-HEV immunoglobulin M positivity. Chronic hepatitis B was confirmed by
positivity for hepatitis B surface antigen and/or HBV DNA within the previous
6 mo. Super-infection was defined as a second infection superimposed on
an earlier one, especially by a different microbial agent of exogenous or
endogenous origin.

Peer-review

This paper contributes to a better understanding of clinical features among the
HEV-HBV co-infections.
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Background

Superimposed acute hepatitis E (AHE) on chronic liver diseases (CLDs) often
led to severe diseases, such as acute-on-chronic liver failure. However, CLDs
vary largely in their etiology, disease stages and treatments, and it remains
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Abstract
AIM
To examine whether high-flow nasal oxygen (HFNO)
availability influences the use of general anesthesia
(GA) in patients undergoing endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic
ultrasound (EUS) and associated outcomes.
METHODS
In this retrospective study, patients were stratified into
3 eras between October 1, 2013 and June 30, 2014
based on HFNO availability for deep sedation at the
time of their endoscopy. During the first and last 3-mo
eras (era 1 and 3), no HFNO was available, whereas
it was an option during the second 3-mo era (era 2).
The primary outcome was the percent utilization of GA
vs deep sedation in each period. Secondary outcomes
included oxygen saturation nadir during sedation
between periods, as well as procedure duration, and
anesthesia-only time between periods and for GA vs
sedation cases respectively.
RESULTS
During the study period 238 ERCP or EUS cases were
identified for analysis. Statistical testing was employed
and a P < 0.050 was significant unless the Bonferroni
correction for multiple comparisons was used. Gene
ral anesthesia use was significantly lower in era 2
compared to era 1 with the same trend between era 2
and 3 (P = 0.012 and 0.045 respectively). The oxygen
saturation nadir during sedation was significantly higher
in era 2 compared to era 3 (P < 0.001) but not between
eras 1 and 2 (P = 0.028) or 1 and 3 (P = 0.069). The
procedure time within each era was significantly longer
under GA compared to deep sedation (P ≤ 0.007) as
was the anesthesia-only time (P ≤ 0.001).
CONCLUSION
High-flow nasal oxygen availability was associated with
decreased GA utilization and improved oxygenation for
ERCP and EUS during sedation.
Key words: Endoscopic ultrasound; Endoscopic
retrograde cholangiopancreatography; Endoscopy;
Sedation; Anesthesia; Oxygenation; High flow nasal
oxygen
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study demonstrates a
decreased use of GA when HFNO is available in the
endoscopy unit for patients undergoing endoscopic
retrograde cholangiopancreatography and endoscopic
ultrasound under sedation. Provision of HFNO and deep
sedation was associated with decreased procedure and
anesthesia-only times, and oxygenation was improved
compared to sedation without HFNO. These findings
justify further prospective trials to fully elucidate

WJG|www.wjgnet.com

the role of HFNO during sedation in gastrointestinal
endoscopy. HFNO may have the potential to alter
sedation practices in the endoscopy suite.
Schumann R, Natov NS, Rocuts-Martinez KA, Finkelman
MD, Phan TV, Hegde SR, Knapp RM. High-flow nasal oxygen
availability for sedation decreases the use of general anesthesia
during endoscopic retrograde cholangiopancreatography and
endoscopic ultrasound. World J Gastroenterol 2016; 22(47):
10398-10405 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i47/10398.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i47.10398

INTRODUCTION
Sedation and analgesia are a critical component of
performing gastrointestinal endoscopy, as patients
would otherwise often experience anxiety and pain or
discomfort. Successful completion and safety of the
examination require the patients’ procedural tolerance,
particularly for more advanced procedures such as
endoscopic retrograde cholangiopancreatography
[1]
(ERCP) and endoscopic ultrasound (EUS) . Sedation
represents a continuum of altered consciousness,
ranging from moderate to deep sedation (DS) and
[2]
may include general anesthesia (GA) . For decades,
intravenous sedation using a combination of a
benzodiazepine and an opioid administered by a nurse
under the supervision of a gastroenterologist was
routine practice. However, national trends reveal that
both academic and private groups are now moving
[3-5]
towards anesthesiologist-administered sedation
.
Although it depresses the respiratory drive, among
anesthesia providers propofol has become the agent
of choice for several reasons. Propofol has a fast onset
and offset of action, it induces a high patient tolerance
for complex procedures in a dose dependent manner,
and a study comparing propofol to midazolam during
ERCP noted higher technical success in the patients
[6]
that received propofol . Superior recovery time
and improved practice efficiency with propofol use
[7]
have also been described . Because propofol does
not provide analgesia, patients often receive doses
[8]
that result in DS . Worldwide, sedation practices
including general anesthesia for procedures such as
ERCP vary greatly and no consensus on the optimal
[9]
strategy exits . A 2011 survey of members of the
Italian Society of Digestive Endoscopy revealed that
42.3% and 35.6% of patients undergoing ERCP and
EUS in Italy received propofol respectively. In Greece,
sedation is administered for 100% of ERCP and
EUS procedures with approximately 2/3 of patients
receiving a combination of a benzodiazepine and an
[9,10]
opioid
. The majority of gastroenterologists in the
United States prefer deep sedation with propofol for
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complex endoscopic procedures. Data from developing
countries is scarce. With regards to the types oxygen
delivery systems used, international practice patterns
are not known.
Close monitoring of the airway, respiration, and
oxygenation is critical for safe sedation, and spon
taneous ventilation should be preserved during DS.
Supplemental oxygen is routinely provided to all
patients regardless of the level of sedation to prevent
[11]
hypoxemia . Multiple oxygen delivery systems exist
for patients undergoing procedural sedation. Both lowflow, providing up to 15 L/min of oxygen, and highflow systems can be employed including standard
nasal cannulae, simple face masks, Venturi masks, and
non-rebreathing masks that deliver varying fractions
[12]
of inspired oxygen (FiO2) . The choice of the oxygen
delivery device depends on the clinical circumstances,
patient and provider preference, reliability, and ease
of use. Inability to effectively heat and humidify
gas limits the utility of low-flow modalities in certain
[12,13]
situations
. Conventional high-flow systems (Venturi
masks) are able to provide a flow rate of 60 L/min or
greater and are superior at providing supplemental
[14]
oxygen at precise concentrations . However, some
patients may not tolerate these devices due to a
sensation of obstruction created by the masks.
Furthermore, heating and humidification of the inspired
air/oxygen mixture needs improvement. Humidified
heated high-flow nasal oxygen (HFNO) delivered
through nasal cannulae designed to overcome some
of these limitations has been introduced to several
acute care settings. HFNO is an option in the care
of adult patients with hypoxemic respiratory failure
and following cardiac, cardiothoracic, and vascular
[15-17]
surgery
. HFNO administration can also be used
to maximize oxygenation prior to intubation and to
[18,19]
prevent postextubation failure
. In addition, HFNO
during sedation for flexible bronchoscopy has been
shown to be safe in patients with stable respiratory
parameters, and when compared to Venturi masks,
[20]
HFNO provides superior oxygenation .
Use of HFNO has not been systematically studied
during DS for complex gastrointestinal endoscopic
procedures such as ERCP and EUS. Indications for
these advanced diagnostic and therapeutic techniques
are expanding, and patients undergoing ERCP
and EUS may have more comorbidities than those
receiving esophagogastroduodenoscopy (EGD) and/
[21]
or colonoscopy . ERCP and EUS procedures can be
prolonged, and ERCP is often performed in the prone
position, creating a challenge for airway management
and ventilation. Many practitioners therefore resort
[21]
to GA with endotracheal intubation . While GA
is safely performed in most endoscopy suites, it
requires invasive airway management, carries its
own risks, prolongs overall procedural time, and
[22]
may increase costs . The availability of HFNO may
expand the suitability of DS for many patients who
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would otherwise undergo GA. At our institution, HFNO
became available for a 3-mo period shortly after
initiating an anesthesiology service in the endoscopy
suite. We hypothesized that the availability of HFNO
to the anesthesia team in the endoscopy suite would
reduce the use of GA for ERCP and EUS.

MATERIALS AND METHODS
Patients and personnel

The Tufts Medical Center and Tufts University Health
Sciences Campus Institutional Review Board approved
this retrospective study. A chart review was conducted
during a 9-mo period of all consecutive patients
undergoing ERCP and EUS procedures. Patients were
then stratified into 3 eras based on whether or not
HFNO was available at the time of their endoscopy.
During the first 3-mo era, no HFNO was available (preHFNO, era 1). HFNO became an option for clinical use
at the anesthesia team’s discretion during the second
3-mo era (HFNO, era 2). Finally, during the third 3-mo
era, HFNO was no longer provided (post-HFNO, era
3). Patient characteristics including age, gender, body
2
mass index (BMI, kg/m ), and American Society of
Anesthesiologists (ASA) physical status classification
were collected. Data analyzed between eras included
procedure type (ERCP or EUS), type of anesthesia
used (DS or GA), oxygen saturation (SpO2) nadir
during sedation, procedure duration, and anesthesiaonly time, defined as anesthesia start to end time in
minutes minus the procedure time. This included the
induction of DS or GA and the time from the end of the
endoscopic procedure to the emergence of the patient
from DS or GA and completion of the anesthesia report
to a nurse in the recovery area.
The anesthesia team’s use of HFNO in era 2 was
not consistently recorded and identifiable for each
case. However, 60 HFNO disposables dedicated for
utilization in the GI suite were employed for the 73
patients undergoing DS, suggesting that 82.2% of the
cohort in era 2 received HFNO. We used an intentionto-treat approach for the era 2 study cohort for the
purpose of the analysis.

Clinical care and equipment

Expert endoscopists performed all procedures. Patients
were positioned supine for EUS and in the semi-prone
position with the right side slightly elevated for ERCP.
Anesthesia care was provided by rotating teams that
included attending physicians, residents, and certified
registered nurse anesthetists. The decision to use
DS vs GA was at the discretion of the anesthesia
teams following discussion with the endoscopists. GA
was achieved by standard anesthesia induction with
propofol, endotracheal intubation using a short-acting
neuromuscular blocking agent such as atracurium
and anesthetic maintenance with sevoflurane in
oxygen and air followed by controlled ventilation
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Table 1 Patient characteristics and relative proportion of
procedures between eras 1-3
Demographic

High-flow hose to
connect to optiflow
nasal cannula

Connection to
oxygen wall outlet
to mix with air

Age (yr)
BMI (kg/m2)
Gender (F), n (%)
ASA status 1-3
ERCP, n (%)
EUS, n (%)

Connector for sterile
water for the air
humidification chamber

61.1 ± 15.9
28.1 ± 8.3
28 (44.4)
33 (52.4)
30 (47.6)

Era 2

Era 3

P value

60.9 ± 15.9
26.7 ± 7.4
45 (51.1)
38 (43.2)
50 (56.8)

62.2 ± 18.2
26.3 ± 6.4
53 (60.9)
40 (46.0)
47 (54.0)

0.850
0.290
0.120
0.990
0.530
0.530

Data in mean ± standard deviation. BMI: Body mass index; ERCP:
Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic
ultrasound.

Figure 2 Modified nasal prongs.

with an anesthesia machine. Deep sedation with or
without local anesthetic topicalization of the pharynx
was achieved with a propofol infusion and repeated
propofol boluses in a spontaneously breathing patient.
In this study, recovery from DS was available in the
endoscopy suite, while recovery from GA required
admission to the post-anesthesia care unit, located on
a different floor. Standard of care for oxygen delivery
consisted of the use of a nasal cannula at flow rates
between 3 and 6 L/min with end-tidal carbon dioxide
(ETCO2) sampling. The HFNO oxygen delivery system
available for DS was the AIRVO™ 2 (Fisher and Paykel
Healthcare Limited, Panmure, New Zealand, Figure
1). This system is characterized by ease of use, silent
operation, and a small footprint. It delivers humidified
oxygen via specifically designed high-flow nasal
prongs that we modified for sedation care to capture
ETCO2 (Figure 2). The HFNO oxygen enriched air flow
settings are adjustable between 10 and 60 L/min with
a maximal oxygen output of 50% when using standard
15 L/min supplemental O2 to the machine inflow port
as in our case.

We employed appropriate testing for comparisons
2
between three different eras as follows: the χ test
(or Fisher’s exact test, in the case of sparse expected
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1

1

Figure 1 AIRVO™ 2 (Fisher and Paykel Healthcare Limited, Panmure, New
Zealand).

Statistical analysis

Era 1

cell counts) was used for nominal outcomes, one-way
analysis of variance was used for normally distributed
continuous outcomes, and the Kruskal-Wallis test
(alongside the Mann-Whitney U test for post-hoc
comparisons) was used for ordinal and non-normally
distributed continuous outcomes. The Bonferroni
correction was used for post hoc analysis of multiple
group comparisons as applicable. To determine
predictors of DS vs GETA use we performed a mul
tivariate logistic regression including the variables:
age, BMI, procedure time and ASA status. Continuous
data are reported as mean and standard deviation (SD)
or median and interquartile range (IQR); categorical
data are reported as counts and percentages. P <
0.050 was considered statistically significant, with the
exception of tests in which the Bonferroni correction
was used. SPSS Statistics V22.0 (IBM, Armonk,
New York) was used in the analysis. The statistical
methods of this study were performed and reviewed
by Matthew D. Finkelman, PhD, Director of Biostatistics
and Experimental Design at Tufts University School of
Dental Medicine.

RESULTS
Records of 238 consecutive elective ERCP or EUS cases
performed in the endoscopy suite at our institution
were analyzed. Of the 238 cases, 63 were performed
in era 1, 88 in era 2, and 87 in era 3. There was no
statistically significant difference in age, gender, BMI,
or ASA class of the patients between the three eras.
The difference in the relative proportion of ERCP and
EUS procedures between eras was not statistically
2
significant using a 2-sided χ test (P = 0.530, Table 1),
and neither was the difference between the relative
proportions of ERCP and EUS procedures performed
under DS (P= 0.700, results not shown).
The availability of HFNO was associated with
decreased use of GA in our study (Figure 3). Seven
teen percent of patients received GA during era 2
compared to 34.9% in era 1 and 29.9% in era 3.
The difference was statistically significant following
Bonferroni correction (P = 0.012) between eras 1
and 2 but only a trend towards decreased use of GA
between eras 2 and 3 (P = 0.045, Table 2) was seen
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Table 2 Utilization of deep sedation vs general anesthesia
and oxygenation during deep sedation between eras
Anesthesia
type

Era 1

Era 2

Era 3

P value

41 (65.1)
22 (34.9)
4.5 (98.0)

73 (83.0)
15 (17.0)
3.0 (99.0)a

61 (70.1)
26 (29.9)
4.0 (96.0)

0.033
0.033
< 0.001

35
30
GA (%)

25

DS, n (%)
GA, n (%)
DS only SpO2
nadir,

15
10

There was a significantly lower utilization of GA in era 2 compared to
era 1 (P = 0.012) that persisted as a trend only between eras 2 and 3 after
Bonferroni correction (P = 0.045). There was a significantly lower median
SpO2 nadir in era 3 compared to era 2 (aP < 0.001) that was a trend between
eras 1 and 2 after Bonferroni correction (P = 0.028). DS: Deep sedation; GA:
General anesthesia.

Table 3 Procedure times by era
Procedure
Combined
ERCP/EUS
ERCP only
EUS only
ERCP/EUS
under DS
ERCP/EUS
under GA

a

20

P value

Era 1

Era 2

Era 3

28.0, 23.0

26.0, 18.3

24.0, 21.3

0.340

30.0, 35.5
25.0, 20.5
25.0, 18.0

29.5, 32.0
24.0, 15.2
26.0, 17.0

29.5, 28.5
19.0, 18.2
20.0, 18.7

0.920
0.170
≤ 0.007

40.5, 41.7

39.0, 28.0

30.5, 24.5

(time comparison
within each era)

Values are given in medians and interquartile ranges. Time was assessed
in minutes from procedure start to finish. There was no significant
difference in procedure times between eras, but procedure times were
significantly shorter under DS compared to GA within each era. ERCP:
Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic
ultrasound; DS: Deep sedation; GA: General anesthesia.

Table 4 Anesthesia-only times between and within eras
Anesthesia time
ERCP/EUS combined
ERCP
EUS
DS
GA

Era 1

Era 2

26.0, 37.5
52.5, 48.2
20.0, 12.0
21.0, 12.5
68.0, 34.7

23.5, 20.51
31.0, 27.5
17.5, 10.22
21.0, 13.0
56.0, 13.0

Era 3

P value

30.0, 28.0
0.006
43.5, 32.0
0.080
23.0, 11.2
0.005
≤ 0.001
24.0, 13.0
59.0, 24.5 (time comparison
within each era)

1

Anesthesia time was significantly shorter in era 2 compared to era
3 (P = 0.001); 2Anesthesia time for EUS was significantly shorter in
era 2 compared to era 3 (P = 0.001). Values are given in medians and
interquartile ranges. Anesthesia-only time was assessed in minutes from
anesthesia start to finish after subtraction of the procedure time. ERCP:
Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic
ultrasound; DS: Deep sedation; GA: General anesthesia.

when using the Bonferroni correction. The difference
in type of anesthesia between eras 1 and 3 was not
significant (P = 0.514).
Improved oxygenation was observed in era 2
compared to eras 1 and 3 with a median oxygen
saturation nadir of 99.0%, 98.0%, and 96.0%
respectively. Following Bonferroni correction, the
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5
0

Era 1

Era 2

Era 3

Figure 3 Use of general anesthesia during eras 1, 2 and 3. During era 2
(HFNO available) significantly less cases were performed under GA compared
to era 1, although this difference did not reach statistical significance between
eras 2 and 3. HFNO: High-flow nasal oxygen; GA: General anesthesia. aP =
0.012 era 1 vs era 2.

difference was statistically significant between eras 2
and 3 (P < 0.001, Table 2) but not between eras 1 and
2 (P = 0.028) or 1 and 3 (P = 0.069).
The median combined procedure time and inter
quartile ranges for ERCP and EUS in era 1 of 28.0 and
23.0 min improved to 26.0 and 18.3 min and 24.0 and
21.3 min in eras 2 and 3 respectively. The difference
in total procedure time for ERCP and EUS, either
combined or analyzed separately, was not significantly
different between eras. However, the procedure time
for complex endoscopies under GA was significantly
longer within each era compared to endoscopies under
DS (P ≤ 0.007, Table 3).
Anesthesia-only times are summarized in Table 4.
Anesthesia-only time was significantly shorter for DS
compared to GA within each era regardless of procedure
type (P ≤ 0.001). For complex endoscopies, anesthesiaonly time was significantly different between eras (P =
0.006). Anesthesia-only time was significantly shorter
by 6.5 min in era 2 compared to era 3 (P = 0.001) but not
between eras 1 and 2 or 1 and 3 (P = 0.130 and 0.270,
respectively) after Bonferroni correction (results not
shown). When analyzed by procedure type, anesthesiaonly time was not significantly different between eras
for ERCP (P = 0.080), but it was significantly different
for EUS (P = 0.005). In post-hoc tests for EUS, the
anesthesia-only time was significantly shorter by 5.5
min in era 2 compared to era 3 (P = 0.001). There were
no differences in EUS anesthesia-only time between
eras 1 and 2 and 1 and 3 (P = 0.500 and 0.060,
respectively).
In the multivariable regression analysis including
age, BMI, ASA physical status classification, and
procedure time, only ASA status and longer procedure
time were significantly associated with GA use (P =
0.009 and < 0.001, respectively). Patients with an ASA
status of 4 were significantly more likely to receive GA
than ASA 1 - 3 patients (P ≤ 0.014), adjusting for the
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other variables in the model.

DISCUSSION
In this study, we investigated the association of the
availability of humidified heated high-flow nasal
oxygen delivery during sedation for ERCP and EUS
in the endoscopy suite on the utilization of general
anesthesia for these complex endoscopies. Compared
to the era before HFNO, general anesthesia was used
significantly less frequently during the era with HFNO
availability, and a trend towards increased GA reemerged when HFNO was no longer accessible. There
was no significant difference between patients of each
era regarding their age, gender, BMI, ASA physical
status classification or the proportion of complex
endoscopies performed. The lack of a statistically
significant difference between GA and DS use between
the HFNO (era 2) and post-HFNO (era 3) eras may be
explained by the relatively small sample size of this
study and that not all DS patients in era 2 received
HFNO. It is also possible that the so-called learning
[23]
contamination bias contributed to this finding .
The learning contamination bias would suggest
that anesthesia teams became more assured of
sedation use during the HFNO period and were more
comfortable with sedation even after HFNO was no
longer available. However, the consistent observation
of a reduced GA use during the availability of HFNO
represents a finding that warrants further prospective
evaluation in the endoscopy suite as a feasible
technique for ventilation support during deep sedation.
The oxygen saturation nadir during the proce
dures under DS was least during the HFNO era, and
significantly so between era 2 and 3. Although the
differences may not be clinically significant, HFNO
availability was associated with improved oxygenation
parameters compared to standard nasal cannula, and
did not increase the risk of hypoxemia. This result is
consistent with other trials employing HFNO in several
[16,17,20,24,25]
different clinical settings
.
As a clinical observation, the decision to use
HFNO became strongly biased over time toward
oxygen saturation support. That is, the desire to
support oxygenation levels became a more frequently
expressed reason for using HFNO. At the same time,
there was no hesitation to use it due to the presence
of conditions such as chronic obstructive pulmonary
disease. Again, a prospective evaluation may provide
better insight and guidance about the particular
circumstances that favor or disfavor the use of HFNO.
HFNO oxygen delivery systems have been in
[12]
development for decades . Indications for HFNO
vary, and this technology was first used to manage
[26,27]
respiratory failure in neonates and children
.
The combination of an air/oxygen blender and a
heated humidifier allows this system to deliver an
air-oxygen mixture via specifically designed nasal
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cannulae at a rate of up to 60 L/min. Flow rate
and FiO2 can be adjusted independently in some
HFNO systems. HFNO provides improved access
to the airway and gastrointestinal tract compared
to oxygen delivery masks, and it is less bulky and
wieldy than nasal continuous positive airway pressure
devices. In addition, HFNO studies report increased
patient comfort, less mucosal desiccation, improved
clearance of pulmonary and airway secretions, a
reduction in work of breathing, and enhanced oxygen
[19,28-32]
delivery
. Further clinical benefits include
improved ventilation efficiency and increased end[16,33]
expiratory lung volume
.
Studies have shown that up to 60% of adverse
cardiopulmonary events following upper gastrointestinal
endoscopies are related to administration of sedation
[34-36]
and anesthesia
. In addition, prolonged proce
[37]
dures are a known risk factor for hypoxemia . We
also investigated procedure and anesthesia-only times
during the study period. Within each era studied, the
procedure time under DS was significantly shorter
compared to procedure times under GA. This result
may be explained by the clinician’s choice of DS for
anticipated shorter endoscopies. Although overall
procedure times between eras decreased slightly during
the study period, the differences were not statistically
significant.
Anesthesia-only time was significantly shorter
within each era for DS compared to GA. This result is
not surprising considering the prolonged time it takes
for the induction of general anesthesia and intuba
tion, as well as for emergence and extubation when
compared to DS that does not include these steps. The
time differences may have been exacerbated in our
study by the need to transfer patients to a different
floor for recovery following GA. Anesthesia-only time
for ERCP and EUS combined was significantly shorter
in era 2 compared to era 3 by 6.5 min and for EUS by
5.5 min, observations that are difficult to explain and
possibly related to sample size or anesthesia team
dynamics that are difficult to control for.
Anesthesia services for endoscopic procedures have
increased substantially over the last 15 years and are
[4]
contributing to rising costs . Shorter anesthesia and
procedure times may lead to improved efficiency in the
endoscopy suite. In appropriately selected cases, DS
may be a less expensive alternative to GA that may
reduce the economic burden attributed to anesthesia
services and improve throughput.
Interestingly in the multivariate regression analysis
with age, BMI, procedure time and ASA physical
status classification, only the latter 2 were significant
predictors of GA use. This may indicate that anesthesia
care providers and GI teams choose GA instead of DS
in patients with numerous comorbidities and/or acute
illness and for procedures that are anticipated to be
long.
Limitations of our study include the retrospective
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design, and the need to apply an intention-totreat approach to the era 2 cohort where 82.2% of
patients received HFNO. Additional clinically important
outcomes could not be retraced from the medical
record. For example, the incidence of abdominal
distention and pain following the procedure could not
be retrieved. Similarly, neither unexpected adverse
events nor conversions from HFNC to GA were obvious
in the chart review in any era. This finding suggests
that the incidence of these events is likely to be low,
but prospective targeted confirmation is needed.
The retrospective nature of the study also precluded
the use of predetermined guidelines for the choice
between HFNO and GA. However, HFNO consistently
supported good oxygenation in spontaneously breathing
patients receiving propofol as the sole sedative agent.
This, in turn, led to a familiar and easily managed
recovery profile in the endoscopy recovery area.
Despite these limitations, our conservative analysis
indicates that HFNO may be potentially useful during
sedation for complex endoscopies, and further study
for prospective confirmation is warranted.
In conclusion, our study demonstrates a decreased
use of GA when HFNO is available in the endoscopy
unit for patients undergoing ERCP and EUS. Provision
of HFNO and DS was associated with decreased
procedure and anesthesia-only times, and oxygenation
was improved compared to sedation without HFNO.
Further prospective trials are needed to fully elucidate
the role of HFNO during sedation in gastrointestinal
endoscopy.

Innovations and breakthroughs

This study provides a novel approach to maintain adequate ventilation in
patients undergoing sedation in the endoscopy suite. Use of this technique has
not been extensively reported in this setting and may be beneficial. It may be
able to reduce the use of general anesthesia for many patients and expand the
feasibility of sedation for this patient population.

Applications

This retrospective study detected a signal that should be prospectively
evaluated. It appears that high-flow nasal oxygen (HFNO) is potentially of great
clinical value in the endoscopy suite and other environments where procedural
deep sedation is required. It may save cost and improve patient safety and
comfort. However the equipment still requires modification to improve its ability
to monitor end-tidal CO2.

Terminology

High-flow nasal oxygen is a term that describes the delivery of a humidified
and heated air/oxygen mixture by a nasal cannula designed for this purpose.
The flow rate may go up to 60 L/min with an oxygen content of up to 60% when
delivered through the airvo 2 device (Fisher-Paykel, Auckland, NZ).

Peer-review

The study demonstrated the effectiveness of HFNO compared with GA during
ERCP and EUS. It is unclear what the standard method of anesthesia and
sedation for these procedures is worldwide, but it can be assumed that many
institutions still frequently use general anesthesia with endotracheal intubation.
HFNO may be able to expand the use of deep sedation when it is available
compared to standard nasal cannula use. Because the study is retrospective, it
is hypothesis generating and the results need to be confirmed in a prospective
trial.
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Abstract
AIM
To evaluate the value of pre-treatment 18F-FDG PET/CT
in patients with HCC following liver radioembolization.
METHODS
We identified 34 patients with HCC who underwent an
FDG PET/CT scan prior to hepatic radioembolization at
our institution between 2009 and 2013. Patients were
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seen in clinic one month after radioembolization and
then at 2-3 mo intervals. We assessed the influence
of FDG tumor uptake on outcomes including local liver
control (LLC), distant liver control (DLC), time to distant
metastases (DM), progression free survival (PFS) and
overall survival (OS).
RESULTS
The majority of patients were males (n = 25, 74%),
and had Child Pugh Class A (n = 31, 91%), with a
median age of 68 years (46-84 years). FDG-avid
disease was found in 19 (56%) patients with SUVmax
ranging from 3 to 20. Female patients were more likely
to have an FDG-avid HCC (P = 0.02). Median follow up
of patients following radioembolization was 12 months
(1.2-62.8 mo). FDG-avid disease was associated with
a decreased 1 year LLC, DLC, DM and PFS (P < 0.05).
Using multivariate analysis, FDG avidity predicted for
LLC, DLC, and PFS (all P < 0.05).
CONCLUSION
In this retrospective study, pre-treatment HCC FDGavidity was found to be associated with worse LLC,
DLC, and PFS following radioembolization. Larger
studies are needed to validate our initial findings to
assess the role of F-18-FDG PET/CT scans as biomarker
for patients with HCC following radioembolization.
Key words: F-18 fluorodeoxyglucose PET; Hepatocellular
carcinoma; Radioembolization; Prognosis; Biomarker
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Positron emission tomography (PET)/computed
tomography is not currently incorporated in the workup
for hepatocellular carcinoma. We reviewed PET scans
and analyzed outcomes for patient with hepatocellular
carcinoma who had been treated with radioembolization
and we showed that patients with FDG avid disease had
worse control of the disease inside the liver.
Abuodeh Y, Naghavi AO, Ahmed KA, Venkat PS, Kim Y, Kis
B, Choi J, Biebel B, Sweeney J, Anaya DA, Kim R, Malafa M,
Frakes JM, Hoffe SE, El-Haddad G. Prognostic value of pretreatment F-18-FDG PET-CT in patients with hepatocellular
carcinoma undergoing radioembolization. World J Gastroenterol
2016; 22(47): 10406-10414 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i47/10406.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i47.10406

MATERIALS AND METHODS
Institutional review board (IRB) approval was obtained
to retrospectively review charts for patients with HCC
treated with Y-90 glass microsphere radioembolization
at our institution between August 2009 and October
2013. At our institution, upon diagnosis of HCC,
patients are evaluated by a multidisciplinary hepa
tology team with referral to radiation oncology and
interventional radiology if the decision was made
to administer Y-90 glass microspheres for disease
management. From a well-maintained database for
all patients treated with radioembolization for HCC
we were able to retrospectively identify patients who
had PET/CT for various reasons prior to diagnosis and
treatment.
All PET/CT images were reviewed at our institution
by one of three nuclear radiologists with at least
10-year experience. FDG avidity was defined as
maximal standardized uptake value (SUVmax) ≥ 3 of
the liver lesion and/or higher than background activity
in the surrounding normal liver tissue.
As part of this study, various reasons to obtain
PET/CT were reviewed and collected. All other scans
were also reviewed by our radiologist to characterize
disease. Barcelona-Clinic Liver Cancer (BCLC) staging
[23]
[24]
and classification system
incorporating Okuda
staging system was used to classify patients. Factors
in staging system were also recorded separately to
be included in the analysis including: performance
status, Child-Pugh class, liver function, portal invasion,
presence of extrahepatic disease, and tumor burden in
the liver.

Patient evaluation and treatment

INTRODUCTION
Hepatocellular carcinoma (HCC) ranks fifth in cancer
incidence and third in cancer related deaths world
[1]
wide . The majority of patients diagnosed with HCC
are not candidates for surgical resection or liver
transplant and require different liver directed therapies
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[2,3]

for disease management . One of these recognized
treatments for HCC is hepatic radioembolization with
Yttrium-90 (Y-90) microspheres, which demonstrated
good results in controlling liver disease with a relatively
[4]
safe toxicity profile .
Fluorodeoxyglucose positron emission tomography
(FDG-PET) has proven to provide prognostic information
[5-8]
in multiple solid tumors
but is not routinely used
in the work up for HCC due to a low sensitivity
[9-11]
(50%-70%)
. Multiple studies have shown a cor
relation between standardized uptake value (SUV) of
HCC on FDG-PET scans and outcomes following different
[12-22]
systemic and locoregional treatments
. In this study,
we assessed the prognostic value of pre-treatment
FDG-PET/CT scans in HCC patients undergoing liver
radioembolization with Y-90 microspheres.

Pre-treatment evaluation included: clinical assessment,
laboratory work up with a comprehensive metabolic
panel to evaluate hepatic and renal function, alpha
fetoprotein (AFP) level, and multiphasic CT scan or MRI
scan of the liver. HCC diagnosis was made clinically
and radiographically with confirmatory biopsy for
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further confirmation when felt necessary.
Prior to radioembolization, an angiographic evalua
tion of hepatic vasculature was performed followed
by hepatic injection of Tc99m macroaggregated
albumin (MAA) to determine the lung shunt fraction.
The volume of liver to be treated was measured
based on cross-sectional imaging. This was then
used to calculate the radiation activity based on the
formula for Y90 glass microspheres {A(Gbq) = [D(Gy)
× M(kg)]/50}, A is the activity, D the nominal target
dose, and M the liver mass for the planned target
volume (PTV) (i.e., segment, lobe, or whole liver)
[25,26]
being treated)
. All treatments were performed in
an outpatient setting. Four patients were treated with
two radioembolization treatments to separate lobes.
All patients were seen one month after treatment
in the interventional radiology and radiation oncology
clinic with clinical examination, complete blood count,
complete metabolic panel, AFP level and multiphasic
cross-sectional imaging (CT scan or MRI liver protocol)
to assess response to treatment and progression.
Subsequent follow-ups were done at 2-3 mo intervals.
Time-to-event outcomes were calculated from the time
of radioembolization. The time to disease progression
in the treated liver lobe/segment was defined as local
liver control (LLC), and the time to progression in the
liver outside the treated lesion was defined as distant
liver control (DLC). Progression free survival (PFS)
was calculated from the time of radioembolization to
the time of intrahepatic, extrahepatic progression,
death, or last follow-up. The rate of distant metastases
(DM) was calculated after excluding patients with
extrahepatic disease at time of radioembolization from
analysis for DM. Overall survival (OS) was calculated
from the time of radioembolization to the time of
death.
The primary endpoint for this study was LLC.
Secondary endpoints included DLC, DM, PFS, and
OS. Outcomes were calculated from the date of
radioembolization with patients censored at last followup or death.

Statistical analysis

Patient, tumor and treatment characteristics were
compared between FDG-avid and non-FDG-avid
2
HCC lesions via Pearson χ or Fisher’s Exact Test
for categorical variables and Mann-U Whitney for
continuous variables on univariate analysis (UVA)
when appropriate.
Factors predictive of time-to-event outcome were
estimated on UVA with Kaplan-Meier (comparison via
log-rank test) and Cox proportional hazard analysis
for categorical and continuous variables, respectively.
Significant variables or close but not significant
variables might interact and affect outcomes. There
fore, variables with marginally significant effect (P
< 0.1) on univariate analysis, were accounted for
in our Cox-regression multivariate analysis (MVA).
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LLC was based on distinct tumor volumes treated,
whereas DLC, PFS, DM, and OS were based on the
patients treated. Patients with extrahepatic disease
on presentation were excluded from DM analysis.
Statistical analysis was performed using Statistical
®
Product and Service Solutions version 22.0 (SPSS ,
Chicago, IL). All statistical analysis was reviewed by a
biomedical statistician.

RESULTS
Patient and lesion characteristics

Thirty-four patients with HCC undergoing radioem
bolization procedures with pre-treatment FDG-PET/CT
scans were identified. The reasons for obtaining PET/
CT scan were as follows: initial work up of liver mass in
23 patients (67%), history of a prior non-HCC cancer
in 6 patients (18%), to rule out metastatic disease
in 3 patients (9%), or due to atypical non-diagnostic
findings on prior imaging in 2 (6%) patients. Eighteen
patients (53%) had a PET/CT scan performed at an
outside institution but were reviewed by our nuclear
radiologists.
In those 34 patients, radioembolization was
delivered to a total of 38 liver lobes and segments.
Median age of patients was 68 years (range 46-84
years), with the majority being male (74%, n = 25),
and fourteen (41%) patients had no known previous
cirrhotic liver on presentation. There were 20 patients
(59%) with cirrhosis that was secondary to hepatitis C,
hepatitis B, alcohol, and non-alcoholic steatohepatitis
in 10 patients (50%), 2 patients (10%), 4 patients
(20%) and 4 patients (20%), respectively. Extrahepatic disease was present in 3 (9%) patients and
the majority of patients (n = 32, 94%) were not
candidates for liver resection or transplant. Two
patients (6%) were referred for downstaging using
radioembolization prior to surgical resection. Table 1
details patient, tumor, and treatment characteristics.
Percutaneous image-guided liver lesion biopsy
was performed to confirm diagnosis in 31 patients.
Histopathology grade was determined in 25 patients,
18 (53%) of which had a well-differentiated HCC,
6 moderately differentiated (18%) and one (3%)
poorly differentiated HCC. Nine patients who did not
undergo a biopsy or who had lesions of unknown
grade were grouped together (n= 9; 26%). There
were 31 patients (91%) with Child-Pugh Class
(CP) A and 3 patients (9%) with CP B. Portal vein
thrombosis was present in 5 patients (15%). Median
AFP prior to treatment was 14 ng/mL (1-186000).
Y-90 glass microspheres were injected intra-arterially
to treat a median volume of 1146 cc (191-2340) of
the liver with a median delivered dose of 126.6 Gy
(110.5-478.6).
Nineteen patients (56%) were considered as
having an FDG-avid HCC. Figure 1 shows two patients
with different FDG avidity. Female gender was the
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Table 1 Patient, tumor, and treatment characteristics patients
treated (n = 34)

Table 2 Predictive factors associated with FDG avidity

n (%)
FDG avidity
ECOG-PS1

Gender
Grade

Presence of cirrhosis
Causes of cirrhosis
(n = 20)

Prior treatment
Child pugh class
BCLC stage3

Tumor burden4

Yes
No
0
1
≥2
Female
Male
G1
G2
G3
Unknown
Viral hepatitis
Hepatitis B
Hepatitis C
Alcohol
NASH2
A
B
A
B
C
D
≤ 50%
> 50%

Portal vein thrombosis
Extrahepatic disease
Age
PET SUVmax
Initial AFP
Volume treated (mL)
Dose delivered (Gy)
Follow up (mo)

19 (56)
15 (44)
17 (50)
14 (41)
3 (9)
9 (27)
25 (74)
18 (53)
6 (18)
1 (3)
9 (27)
20 (59)
12 (60)
2 (10)
10 (50)
4 (20)
4 (20)
15 (44)
31 (91)
3 (9)
4 (12)
10 (29)
19 (56)
1 (3)
29 (85)
5 (15)
5 (15)
3 (9)
Median (Range)
68 (46-84)
4 (2-20)
14 (1-186000)
1146 (191-2340)
126.6 (110.5-478.6)
12 (1-63)

ECOG-PS1

Gender
Pathologydifferentiation

BCLC stage2

Tumor burden
Portal vein
thrombosis
Extrahepatic
disease
Prior treatment
Child-Pughclass
Viral hepatitis
Cirrhosis

Eastern Cooperative Oncology Group Performance Status; 2Nonalcoholic
Steatohepatitis; 3Barcelona Clinic Liver Cancer Staging classification;
4
Proportional volumes of disease to whole liver based on volumetric
imaging. AFP: Alpha feto protein.

Age
PET SUV3
Initial AFP
Volume treated
(mL)
Dose delivered
(Gy)

1

only factor found to be associated with HCC FDG-avid
disease (P = 0.047), Table 2.

LLC, DLC, and OS outcomes

The median follow up for all patients was 12 mo
(range 1-63 mo). The median LLC for all liver volumes
treated (n = 38) was 11.3 mo. FDG-avid disease was
associated with shorter LLC. In comparison to non
FDG-avid disease, the 1-year rate of LLC was 17.2%
vs 61.4% (P = 0.003) with a median LLC of 5 mo
vs 17 mo, respectively (Figure 2A). On UVA, FDGavid disease, tumor burden > 50% and extrahepatic
disease were associated with worse LLC and there was
a trend for worse LLC for female gender and poorly
differentiated HCC. However, on MVA, only FDGavidity [P = 0.002, HR = 6.3 (2-20)] and presence
of extrahepatic disease [P < 0.001, HR = 38.9
(6.6-229.2)] were associated with worse LLC Table 3.
The median disease control in the untreated liver
or DLC was 26.3 mo. FDG-avid disease was associated
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0
1
≥2
Female
Male
Well
Moderate
Poor
Unknown
A
B
C+
≤ 50%
> 50%
No
Yes
No
Yes
No
Yes
A
B
No
Yes
No
Yes

Non-avid
patients

PET-avid
patients

UVA

n (%)

n (%)

P value

9 (60)
8 (40)
5 (33)
9 (47)
1 (7)
2 (11)
1 (7)
8 (42)
14 (93)
11 (58)
10 (67)
8 (42)
1 (7)
5 (26)
0 (0)
1 (5)
4 (27)
5 (26)
3 (20)
1 (5)
6 (40)
4 (21)
6 (40)
14 (74)
14 (93)
15 (79)
1 (7)
4 (21)
14 (93)
15 (79)
5 (33)
10 (53)
14 (93)
17 (90)
1 (7)
2 (11)
9 (60)
10 (53)
6 (40)
9 (47)
14 (93)
17 (90)
1 (7)
2 (11)
8 (53)
14 (74)
7 (47)
5 (26)
14 (93)
16 (84)
10 (67)
10 (53)
Median
Median
(Range)
(Range)
59 (46-84)
71 (57-84)
2(2-2)
6(3-20)
12 (1-478) 16 (2-186000)
1260
1091
(400-2044)
(191-2340)
125.9
128.5
(111.1-478.6) (110.5-467.5)

0.58

0.0474
0.311

0.123

0.3554
0.24
1.004
0.67
1.004
0.22
0.41

0.10
0.23
0.39
0.66

1

Eastern Cooperative Oncology Group Performance Status; 2Barcelona
Clinic Liver Cancer Staging classification; 3Standardized uptake value;
4
Fisher’s exact test used. AFP: Alpha feto protein.

with a faster progression inside the liver with 1 year
DLC rate of 44.4%, as compared to 91.7% for non
FDG-avid disease (P = 0.003) (Figure 2B). On both
UVA and MVA, FDG-avidity was a predictor for DLC [P
= 0.03, HR = 57.7 (2.2-1496.9)], Table 3. Significant
variables on UVA include: performance status, poorly
differentiated pathology, extrahepatic disease and
tumor burden > 50%, but all were not statistically
significant on MVA, Table 3.
Initially, there were 3 patients with extrahepatic
disease at the time of treatment. On UVA, the
presence of this correlated with worse outcome in
LLC, DLC, and OS (P < 0.05), but it was not included
in statistical analysis for DM. Upon follow up, there
were 4 patients who progressed in extrahepatic sites
after radioembolization. After excluding patients with
extrahepatic disease at the time of treatment from the
analysis, the median for freedom from DM was not
reached and freedom from DM at 1 and 2-year were
96% and 54%, respectively. On UVA, FDG-avid disease
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Tumor Burden (≤ 50%
vs > 50%)
Cirrhosis
Age (yr)

-

< 0.001

< 0.001

0.477
0.405

NS

0.059

NS

NS

0.120
0.100

< 0.001

0.002

MVA (P)

HR
(95%CI)

38.9
(6.6-229.2)

6.3 (2.0-20.4)

LLC (n = 38)

0.003

UVA (P)

0.588
0.405

0.009

< 0.001

0.034

0.038
0.398

0.003

UVA (P)

-

NS

NS

NS

NS
-

0.015

MVA (P)
57.7 (2.2-1496.9)

HR (95%CI)

DLC (n = 34)

0.732
0.238

0.990

-

0.048

0.990
0.596

< 0.001

UVA (P)

-

-

-

NS

-

NS

MVA (P)

DM (n = 31)
HR
(95%CI)

0.593
0.232

0.012

< 0.001

0.016

0.049
0.100

0.015

UVA (P)

-

NS

< 0.001

NS

NS
NS

0.008

47 (7.7-286)

4.04 (1.4-11.3)

MVA (P) HR (95%CI)

PFS (n = 34)

0.065
0.100

0.004

< 0.001

0.688

0.002
0.122

0.893

UVA (P)

NS
NS

NS

NS

-

NS
-

-

MVA (P)

OS (n = 34)
HR
(95%CI)

10410

In this retrospective analysis of 34 HCC patients undergoing 38 liver radioembolizations, we found that pre-treatment tumor FDG-avidity correlated with worse LLC,
DLC, and PFS outcomes. However, these differences in LLC and DLC with FDG-avid disease did not translate into a difference in OS in our study.
[27]
[28,29]
FDG retention in malignant cells is dependent on intracellular glucose-6-phosphatase enzymatic activity . HCCs contain varying levels of this enzyme
, and
[9-11]
therefore the reported sensitivity of FDG PET/CT scans in detecting hepatocellular carcinoma ranges between 50% and 70%
. The low sensitivity and variation in
FDG uptake are the main reasons for not routinely including FDG PET/CT imaging in the initial HCC work up. Despite their high accuracy in diagnosing HCC, CT and
[30]
MRI cannot distinguish well differentiated from poorly differentiated HCC . Since a large number of HCCs do not get biopsied, FDG PET may play a non-invasive role
[31-33]
in predicting tumor biology and behavior, as the variability of FDG uptake has been linked to HCC’s microvascular invasion and differentiation
, and proliferative
[34]
activity . It was not possible to draw any conclusions regarding the relationship between FDG tumor uptake and histopathologic grade in our study since the patient
population was skewed with only one patient having a poorly differentiated HCC.
[4]
Our analysis found female patients to be more likely to have FDG-avid disease. In a study by Salem et al , female patients with HCC treated with radioembolization

DISCUSSION

(Figure 3A) and poorly differentiated tumors were associated with worse DM, but none were significant on MVA (Table 3).
FDG-avid disease was associated with shorter PFS. The 1 year PFS was higher for non FDG-avid disease (43.3%) when compared to FDG-avid disease (9.4%) on
univariate analysis (log-rank test, P = 0.015) (Figure 3B). On multivariate analysis, FDG-avid disease was a predictor for worse PFS [P = 0.008, HR = 4 (1.4-11.3)] (Table 3).
For all patients, the 1-year OS rate was 77%. There was no statistically significant difference in survival at one year between FDG-avid and non FDG-avid disease (77%
vs 76.2%, P = 0.89). On UVA, other factors resulting in shorter OS were low performance status, presence of extrahepatic disease and tumor burden > 50% (all P < 0.05),
with trending values for older age, presence of cirrhosis, and higher BCLC stage. The MVA analysis included component of staging system that were significant on UVA
(Table 3).

Variables tested but not significant for outcome on univariate analysis (UVA) includes: Portal vein thrombosis, prior treatment, Child-Pugh class (A vs B), viral hepatitis, initial AFP, volume treated and dose delivered. ECOG:
Eastern Cooperative Oncology Group Performance Status; LLC: Local liver control; DLC: Distant liver control; DM: Distant metastases; PFS: Progression free survival; OS: Overall survival.

1

1

FDG Avidity (avid vs
non-avid)
ECOG (0 vs 1 vs ≥ 2)
Gender (female vs
male)
Pathology (grade 1 vs 2
vs 3 vs unknown)
Extrahepatic disease

Variables

Table 3 Univariate and multivariate analysis
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A

B

Figure 1 Two patients with different fluorodeoxyglucose avidity. A: 49-year-old male patient with multicentric hepatocellular carcinoma and a dominant lesion in
the dome of the liver as evident on axial and sagittal views from an arterial phase computed tomography (CT) scan of the abdomen, and was not fluorodeoxyglucose
(FDG)-avid on the corresponding positron emission tomography (PET)/CT scan. The patient had a history of rectal cancer and the PET/CT scan was to evaluate
newly diagnosed liver lesions; B: 58-year-old male patient with history of diverticulosis, CT scan showed extensive involvement of the left lobe and the corresponding
PET/CT scan showed FDG-avid disease with SUVmax of 20.

A

B

FDG avidity

FDG avidity

Not avid

1.0

Not avid

1.0

Avid

Avid
Not avid-censored
Avid-censored
0.6
0.4
0.2

P = 0.003

0.0
0

6

Not avid-censored

0.8
Distant liver control

Local liver control

0.8

Avid-censored
0.6
0.4
0.2

P = 0.003

0.0
12

18

0

24

6

12

18

24

t/mo

t/mo

Figure 2 Kaplan Meier curves for (A) local and (B) distant liver control.

A

B

FDG avidity

FDG avidity

Not avid

1.0

Not avid

1.0

Avid

Avid
Distant metastasis

0.8

Progression free survival

Not avid-censored
Avid-censored

0.6
0.4
0.2

P < 0.001

0.0
0

6

Not avid-censored

0.8

Avid-censored
0.6
0.4
0.2

P = 0.015

0.0
12

18

0

24

6

12

18

24

t/mo

t/mo

Figure 3 Kaplan Meier curves for (A) freedom from distant metastases and (B) progression free survival.

were found to have shorter survival. The reason for
this finding is still unknown, but might be related to
the promotion of HCC in post menopausal patients
[35,36]
due to the loss of estrogen’s protective effect
.
However, unlike FDG avidity, gender was not asso
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ciated with worse outcomes in our MVA. Given the
small number of patients and retrospective nature
of our study, drawing firm conclusions regarding the
impact of gender on clinical outcomes following HCC
radioembolization is limited.
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The role of FDG-PET in the assessment of different
treatment modalities for HCC has been described
[16-22]
[17]
in several reports
. Pant et al
assessed pretreatment FDG-avidity as a prognostic index in the
management of HCC in 100 patients. In their study,
FDG-avidity was defined as activity above the liver
background, which is similar to what we used in
our study. FDG-avid disease was associated with a
higher radiological stage, increased risk of distant
metastases, invasion into the portal vein, and higher
[17]
[20]
tumor grade . A study by Kornberg et al consisting
of 91 HCC patients undergoing transplantation showed
tumor-to-background ratio of > 1 on pre-transplant
scans was associated with worse recurrence free
[21]
survival of 81% vs 21% (P = 0.02). Lee et al
showed in 59 patients, that ratio of tumor SUVmax to
liver SUVmax with cut-off value of 1.15 was the most
significant predictor for tumor recurrence at 1 year
with rates of 97% vs 57% (P < 0.001). Another study
[22]
from Korea by Kim et al
showed that FDG uptakevolume products was also an effective predictor for
post-transplant recurrence.
[19]
Lee et al assessed the value of FDG-PET scans in
29 patients treated with sorafenib. The max SUV was
a statistically significant prognostic factor for OS and
PFS. The study from Lee and colleagues used a SUVmax
cut off value of 5. The group of patients with SUVmax
[19]
lower than 5 had a significantly longer PFS and OS .
The role of FDG-PET scans for patients with
hepatocellular carcinoma has also been assessed
in patients following trans-arterial chemotherapy
[16,18]
[16]
embolization (TACE)
. Cho et al
found after a
mean follow-up of 8 months (range, 1-59 mo), among
the 47 patients who underwent TACE, a higher ratio
of tumor SUVmax to mean mediastinal SUV of ≥ 3.1
was associated with higher rates of recurrence and
[18]
lower survival (94% vs 64%, P = 0.016). Kim et al
showed that SUVmax to mean liver SUV ratio of 1.83
was a predictor for disease progression and worse
OS. In these 2 studies, different SUV ratios and cutoff
values were used. The majority of PET scans evaluated
in our study were performed in an outside facility, and
due to the lack of standardized PET scan protocols,
we opted to use a simpler way to classify FDG-avidity
by comparing tumor uptake to liver background.
[37]
Another study by Lee et al
evaluated the tumor-toliver uptake ratio in a total of 214 patients treated with
either external radiation or TACE and they found that
a ratio more than 2 correlated on MVA with worse PFS
and OS.
Our study is limited by its retrospective nature with
a relatively small number of patients, short follow-up,
and heterogeneous background of liver disease. It is
difficult to find HCC patients that underwent an FDGPET scan since this imaging modality is not routinely
[9-11]
ordered due to previous reports of poor sensitivity
.
More than half of FDG-PET/CT scans were performed at
an outside facility and thus there was no standardized
PET scan protocol used across studies. Therefore, we
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were not able to directly compare tumor SUV from
different institutions. However, absolute SUV can vary
[38]
significantly even within the same institution
and
there are multiple reports on the equivalence of using
qualitative SUV in relation to background in comparison
[39]
to absolute SUV . The selection of SUVmax of 3 might
introduce bias in patient categorization, but based
on previously mentioned reports, the selected value
will ensure selecting patients with true active disease
above normal liver background, which ranges between
[40]
1.5-2 . This provides a minimum of tumor to Liver
SUV ratio of 1.5, which correlated with outcomes in
[41]
several publications . Regarding a potential selection
bias, there were only 2 patients in our study with
atypical features for HCC on diagnostic imaging, and
the majority of PET scans were performed to exclude
non-HCC etiologies prior to proper diagnostic imaging.
Furthermore, since most of the HCC lesions were well
differentiated or were not histopathologically graded
after percutaneous biopsy, this lack of histopathology
information and uneven distribution, limited our ability
to correlate pathological grade with clinical endpoints.
As expected, the majority of patients treated with this
focal therapy were BCLC stage B and C, with smaller
number in stage A and only one patient with stage D
(Table 1). The stage incorporation and analysis was
weakly associated with outcome, so the multivariate
analysis included significant components of this staging
system that had stronger associations with outcome
on UVA (i.e., ECOG Performance status, extrahepatic
disease, and tumor burden) (Table 3). Despite these
limitations, our results were in line with other studies
that found a similar prognostic benefit to pre-treatment
FDG-PET/CT scans in patients getting treated for
[16-22]
HCC
.
In conclusion, previous studies have found a prog
nostic benefit to pre-treatment FDG-PET/CT scans
following TACE, surgery, and sorafenib treatment
of HCC. Similarly, in our study, we found high FDGavidity to correlate with worse clinical outcomes of
LLC, DLC, and PFS following radioembolization of
HCC. As opposed to the initial reports on FDG-PET
that showed limited utility in the diagnosis of HCC, our
study supports the growing body of evidence for the
prognostic utility of pre-treatment FDG-PET/CT scan in
the management of HCC. Pre-treatment FDG-PET scan
may compliment staging multiphasic cross sectional
imaging studies, and help determine whether there
is a need for more aggressive treatment approaches.
Further investigation is needed to validate our initial
findings as well as the optimal method to incorporate
FDG-PET/CT scans in the initial work up of HCC.
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AIM
To retrospectively review patients with chronic pan
creatitis (CP) treated with Frey’s procedures between
January 2009 and January 2014.
METHODS
A retrospective review was performed of patients with
CP treated with Frey’s procedures between January
2009 and January 2014 in the Department of Pancreatic
Surgery. A cross-sectional study of postoperative pain
relief, quality of life (QoL), and alcohol and nicotine
abuse was performed by clinical interview, letters and
telephone interview in January 2016. QoL of patients
was evaluated with the European Organization for
Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC QLQ-C30) version 3.0. The
patients were requested to fill in the questionnaires by
themselves via correspondence or clinical interview.
RESULTS
A total of 80 patients were enrolled for analysis,
including 44 who underwent the original Frey’s pro
cedure and 36 who underwent a modified Frey’s
procedure. The mean age was 46 years in the original
group and 48 years in the modified group. Thirtyfive male patients (80%) were in the original group
and 33 (92%) in the modified group. There were
no differences in the operating time, blood loss, and
postoperative morbidity and mortality between the
two groups. The mean follow-up was 50.3 mo in the
original group and 48.7 mo in the modified group.
There were no differences in endocrine and exocrine
function preservation between the two groups. The
original Frey’s procedure resulted in significantly better
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pain relief, as shown by 5-year follow-up (P = 0.032),
better emotional status (P = 0.047) and fewer fatigue
symptoms (P = 0.028). When stratifying these patients
by the M-ANNHEIM severity index, no impact was
found on pain relief after the two types of surgery.
CONCLUSION
The original Frey’s procedure is as safe as the modified
procedure, but the former yields better pain relief. The
severity of CP does not affect postoperative pain relief.
Key words: Chronic pancreatitis; Frey’s procedure;
M-ANNHEIM severity index; Pain relief; Quality of life
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical treatment is often required for chronic
pancreatitis (CP) when conservative therapy cannot
control the intractable pain. The Frey’s procedure is
frequently applied for CP because of its safety and
efficacy. However, there is no uniform standard for the
amount of cored pancreatic head tissue. This study
compared the original and modified Frey’s procedures
with different depths of cored tissue and performance
in a single clinical department. The original Frey’s
procedure was advantageous in terms of pain relief in
a 5-year follow-up.
Tan CL, Zhang H, Yang M, Li SJ, Liu XB, Li KZ. Role of original
and modified Frey’s procedures in chronic pancreatitis. World J
Gastroenterol 2016; 22(47): 10415-10423 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i47/10415.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i47.10415

INTRODUCTION
Chronic pancreatitis (CP) is an inflammatory disease
of the pancreas characterized by abdominal pain,
repeated episodes of acute pancreatitis and fibrotic
destruction of the organ, resulting in endocrine and
[1]
exocrine insufficiency . Alcohol consumption and
biliary lithiasis are the main causes of CP, followed
by autoimmune or individual genetic predisposition.
High caloric intake of protein and fat, smoking,
and lack of vitamins and trace elements have been
[2]
described as additional predisposing risk factors .
Calcifying CP, characterized by intraductal calculi,
protein plugs and parenchymal calcification, is most
common. Additionally, irregular pancreatic duct, gland
enlargement, heterogeneous parenchyma and small
[3]
cavities can be found .
Persistent pain is the leading symptom of the
disease, which reduces quality of life (QoL), leading
to addiction to analgesics and unemployment or
early retirement. Development of pain in the natural
[4]
course of the disease is seen in 85% of patients .
In the initial stage of the disease, pain is intermittent
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and recurrent, while later it becomes persistent. The
underlying mechanism for pain in CP is still poorly
understood.
A general consensus exists that the primary
therapy for CP should be a conservative symptomrelated treatment. Surgery has to be considered in
patients with failure of conservative and endoscopic
interventions or suspicious malignancy. The two
surgical procedures for CP are drainage of the main
pancreatic duct (MPD) and resection of pancreatic
parenchyma. The choice of surgical procedure should
be determined by the degree and extent of MPD
dilation and gland morphology. In 1987, Frey and
[5]
Smith described anterior resection of the head of
the pancreas combined with MPD drainage using
longitudinal pancreaticojejunostomy. To reduce the risk
of penetrating the posterior capsule of the head, Frey
[6]
and Amikura later recommended that the posterior
limit of resection should be the back wall of the opened
duct of Wirsung and duct to the uncinate process. A
few surgeons modified Frey’s procedure further by
limiting the coring out of the pancreatic head to include
[7]
only the area anterior to the MPD .
[1]
When Schneider et al analyzed the predictive
factors for hospital readmission for CP, they found
that a severe form of the disease was associated with
risk of readmission. The M-ANNHEIM is a simple,
objective and noninvasive classification system for
CP, which incorporates a severity index that refers
to the different conditions of pancreatic morphology
and function, and that includes clinical features of
the disease such as patterns of pain and the impact
of conservative, endoscopic and surgical treatment.
However, the questions remained: When treating CP
with Frey’s procedure, how much of the pancreatic
head should be resected? Is the long-term effect
after Frey’s procedure related to the different surgical
procedures or to disease severity?
In this study, we aimed to analyze the role of dif
ferent Frey’s procedures and the severity of disease
according to the M-ANNHEIM severity index for
predicting surgical treatment of CP.

MATERIALS AND METHODS
Patients

This was a retrospective review of patients who under
went different Frey’s procedures in a single center
between January 2009 and January 2014. Following
Institutional Review Board approval, we performed a
retrospective review of the patients with CP treated
between January 2009 and January 2014 in our hos
pital. We enrolled patients who had undergone Frey’s
procedures. Patients with Partington’s procedure, Whipple
procedure, or distal or total pancreatectomy were
excluded. Among duodenum-preserving pancreatic
head resection procedures, the Beger and Berne
procedures were also excluded. The Frey’s procedures
were divided into two types: the original and modified
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A

Modified Frey's

B

Original Frey's

MPD

CBD

Figure 1 Both types of Frey’s procedures. A: Schema showing the width and depth of the original (large dotted line) and modified (short dotted line) Frey’s
procedures, which are indicated in a transected plane in the pancreatic head; B: A photograph of the original Frey’s procedure. MPD: Main pancreatic duct.

procedures. Both types of Frey’s procedures are
[7]
illustrated in Figure 1 .
The M-ANNHEIM severity indexes were divided into
two types. Grades A and B were classified as minor
severity and Grades C-E were classified as major
severity. The selected patients were analyzed regarding
age, sex, body mass index (BMI), etiology, degree of
pain, endocrine and exocrine function, morphological
characteristics, organ complications, operating time,
blood loss, morbidity, mortality and postoperative
hospital stay. The mortality rate included all deaths
within 30 d after surgery. The morbidity rate included
all complications following surgery until discharge.
Major postoperative morbidity was defined and graded
using criteria recommended by the International Study
Group of Pancreatic Surgery, including postoperative
pancreatic fistula, delayed gastric emptying, and
[8-10]
postpancreatectomy hemorrhage
. Enteric leaks
were identified using radiographic contrast imaging.
Fluid collection in intra-abdominal or pleural regions
was performed via radiographic imaging, which was
differentiated from abscesses by positive microbial
cultures. Pneumonia was diagnosed based on chest
X-ray changes following antibiotic therapy.
The cross-sectional study of postoperative pain
relief, QoL, and alcohol and nicotine abuse was per
formed by outpatient interview, letter, and telephone
interview in January 2016. QoL was evaluated using the
European Organisation for Research and Treatment of
Cancer Quality of life Questionnaire (EORTC QLQ-C30)
version 3.0. The patients were requested to fill in the
questionnaires by themselves via correspondence or
clinical interview.

Surgical technique

The original Frey’s procedure involved local resection
of the pancreatic head combined with longitudinal
pancreaticojejunostomy. The rim of pancreatic tissue
of the entire head was preserved, and was used to
sew to the opened jejunum. The ducts of Wirsung
and Santorini were excised, and the excavation was
created in continuity with the longitudinal dichotomy
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of the dorsal duct. The modified Frey’s procedure
was recommended to reduce the risk of penetrating
the posterior capsule of the pancreatic head. It was
recommended that the posterior limit of resection
should be the back wall of the opened duct of Wirsung
and duct to the uncinate process.

Statistical analysis
2
Pearson’s χ test was used for categorical variables.

Fisher’s exact test was used in cases with a variable
count < 5. For continuous variables, Student’s t test
was used for normally distributed variables and the
Wilcoxon rank sum test was used for non-normally
distributed variables. P < 0.05 was considered
statistically significant. All analyses were performed
using SPSS version 18.0 software on a personal
computer (SPSS Inc., Chicago, IL, United States).

RESULTS
One hundred and fifty-six patients underwent sur
gical treatment for CP between January 2009 and
January 2014. Twenty-eight patients had received
the Whipple procedure or total pancreatectomy for
adenocarcinoma. Twenty-five patients had received
the Berney technique. Ten patients had received
duodenum-preserving pancreatic head resection
combined with distal pancreatectomy. Ninety-three
patients had received Frey’s procedure. Eleven of
these patients were lost to follow-up in this study.
Two patients died from pancreatic cancer. Finally, 80
patients were enrolled for analysis, including 44 who
underwent original Frey’s procedures and 36 who
underwent modified Frey’s procedures. The indications
for Frey’s procedures included intractable pain (66
cases), recurrent episodes of acute pancreatitis (4
cases), bile duct stenosis (2 cases) and risk of mali
gnancy (8 cases).
The characteristics of the patients undergoing
original and modified Frey’s procedures and the dif
ferences between the two groups are summarized in
Table 1. The median age was 46 years in the original
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Table 1 Clinical characteristics of patients
Characteristic
Age (yr)
Sex
Male
Female
Etiology
Alcohol
Nicotine
Idiopathic
Pain severity index
Exocrine insufficiency
Endocrine insufficiency
Morphologic characters
Stone of calcification
Large cavities (> 10 mm)
Gland enlargement
(> 2 × normal)
Severe organ complications
Obstruction of ductus
choledochus
Ascites
Weight loss
M-ANNHEIM severity index
A
B
C
D
E
Indication for surgery
Intractable pain
Recurrent episodes
Bile duct stenosis
Risk of malignancy
Follow-up time (mo)

Table 2 Short-term results of two types of Frey’s procedures

O Frey
(n = 44)

M Frey
(n = 36)

P value

46 ± 12.5

48 ± 8.4

0.560
0.130

35
9

33
3

22
7
15
3.84 ± 1.14
3
14

21
4
11
2.92 ± 1.47
0
17

0.020
0.580
0.450

39
7
7

29
11
9

0.360
0.120
0.310

0

2

0.200

0
13

0
9

1
29
12
2
0

4
17
15
0
0

38
2
0
4
50.3 ± 17.3

28
2
2
4
48.7 ± 15.6

Operating time (min)
Blood loss (mL)
Morbidity
Pancreatic fistula, B and C
Postoperative hemorrhage
Pulmonary infection
Abdominal infection
Mortality
Postoperative hospital stay (d)

0.720

M Frey

P value

258 ± 65
98 ± 89

0.095
0.492

0
1
2
4
0
8.3 ± 3.1

2
1
1
4
0
8.6 ± 4.7

0.199
1
1
1
\
0.698

M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure.

0.650
0.060

0.315

0.670

M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure.

Frey’s group and 48 in the modified Frey’s group.
Thirty-five male patients (80%) were in the original
Frey’s group and 33 (92%) in the modified Frey’
s group. The etiologies included alcohol (22 cases),
nicotine (7 cases) and idiopathic (15 cases) in the
original Frey’s group, and alcohol (21 cases), nicotine (4
cases) and idiopathic (11 cases) in the modified Frey’s
group. Stone in the pancreatic duct and/or pancreatic
calcification were identified in 39 (89%) patients in
the original Frey’s group and 29 (81%) in the modified
Frey’s group. Exocrine insufficiency was found in one
patient in the original Frey’s group and none in the
modified Frey’s group. Endocrine insufficiency was
found in 14 (32%) patients in the original Frey’s group
and 17 (37%) in the modified Frey’s group.
According to the M-ANNHEIM classification of CP,
one (2%) patient had severity index A, 29 (66%)
index B, 12 (27%) index C, and 2 (5%) index D in the
original Frey’s group. Four (11%) patients had severity
index A, 17 (47%) index B, 15 (42%) index C, and 2
(6%) index D in the modified Frey’s group. There was
a significant difference in pain severity index between
the two groups. A higher score was found in the
original Frey’s group.
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O Frey
230 ± 79
111 ± 79

There were no differences in the short-term re
sults between the two groups. The mean operating
time was 230 min in the original Frey’s group and
258 min in the modified Frey’s group. The mean
blood loss was 111 mL in the original Frey’s group
and 98 mL in the modified Frey’s group. Only two
patients had postoperative pancreatic fistula in the
modified Frey’s group. There was one postoperative
hemorrhage in each group. There was no significant
difference in pulmonary and abdominal infections
in the two groups. No mortality happened in either
group. The mean length of postoperative hospital stay
was 8.3 d in the original Frey’s group and 8.6 d in the
modified Frey’s group (Table 2).
The mean follow-up was 50.3 in the original Frey’s
group and 48.7 mo in the modified Frey’s group. Among
all the patients, three consumed alcohol and five were
smokers after surgery in the original Frey’s group. In
the modified Frey’s group, four patients consumed
alcohol and two were smokers after surgery. In
the original Frey’s group, eight patients had newonset exocrine insufficiency and one had worsened
exocrine insufficiency. Two patients had new-onset
endocrine insufficiency and five had worsening
endocrine insufficiency after surgery. In the modified
Frey’s group, seven patients had new-onset exocrine
insufficiency and one had worsening exocrine
insufficiency. Three patients had new-onset endocrine
insufficiency and three had worsening endocrine
insufficiency (Table 3).
Among the patients who had a history of surgery
that was < 5 years, 33 received the original Frey’s
procedure, while 28 had the modified Frey’s procedure.
Eleven patients had positive pain symptoms when
receiving survey in the original Frey’s group. Seventeen
patients had positive pain symptoms when receiving
survey in the modified Frey’s group. Among the
patients who had a history of surgery < 5 years, there
was a significant difference in positive pain symptoms
between the two groups. Among the patients who had
a history of surgery that was > 5 years, 11 were in the
original Frey’s group and eight were in the modified
Frey’s group. Six patients had positive pain symptoms
when receiving survey in the original Frey’s group. Five
patients had positive pain symptoms when receiving
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Table 3 Postoperative risk factors and condition of pancreatic
function
Postoperative condition

O Frey
M Frey
(n = 44) (n = 36)

Alcohol abuse
Nicotine abuse
New-onset exocrine insufficiency
Worsen exocrine insufficiency
New-onset endocrine insufficiency
Worsen endocrine insufficiency

3
5
8
1
2
5

4
2
7
1
3
3

Table 5 QoL after two types of Frey’s procedures
Follow-up results of QoL
assessment

P value

Functional scales
Physical
Role
Cognitive
Emotional
Social
Global QoL
Symptom scales
Fatigue
Nausea and vomiting
Pain
Dyspnea
Sleep disturbance
Appetite loss
Constipation
Diarrhea
Financial impact

0.387
0.307
0.886
1.000
0.404
0.475

M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure.

Table 4 Postoperative pain relief after two types of Frey’s
procedures
History of
surgery
< 5 yr
> 5 yr

Pain symptom

O Frey

M Frey

P value

Positive
Negative
Positive
Negative

11
22
6
5

17
11
5
3

0.032

M Frey

P value

95
95
87
69
66
62

91
93
83
58
53
53

0.113
0.322
0.241
0.047
0.052
0.115

28
0
18
0
4
30
3
21
32

39
0
28
0
1
37
1
26
42

0.028
0.153
0.294
0.297
0.683
0.445
0.120

M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure;
QoL: Quality of life.

0.551

Pain symptom positive: According to the M-ANNHEIM scoring system,
the total score of “patient report of pain” and “pain control” is ≥ 3 points;
Pain symptom negative: According to the M-ANNHEIM scoring system,
the total score of “patient report of pain” and “pain control” is < 3 points.
M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure.

survey in the modified Frey’s group. There was no
significant difference in positive pain symptoms in
these patients (Table 4).
All patients completed the inquiry about EORTC
QLQ-C30 during this study. QoL according to EORTC
QLQQ-C30 is summarized in Table 5. A high score in
the global health, physical, working ability, emotional,
cognitive and social functioning represented a high QoL
status. Regarding symptoms and financial impact of
the disease, a low scale score indicated no important
problems. It showed that patients who had the original
Frey’s procedure may achieve better emotional status
and fewer fatigue symptoms.
When dividing these patients by M-ANNHEIM
severity index into two groups, we considered Grades
A and B as minor severity and Grades C-E as major
severity. There was no significant difference in the
positive pain symptoms between the original and
modified Frey’s groups (Table 6).

DISCUSSION
Operative approaches to the treatment of CP have
undergone a dramatic transformation over the past
few decades. Two main surgical procedures have
been performed in patients with CP: drainage and
resection. It is evident that not all patients with
CP are suitable for the Partington procedure. It is
specifically not used as the procedure of choice for
[11]
inflammatory disease of the pancreatic head . The
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O Frey

Table 6 Impact of M-ANNHEIM severity index on pain relief
after two types of Frey’s procedures
Surgery

Pain
symptom

A, B

C-E

< 5 yr

O Frey

Positive
Negative

7
15

4
7

0.794

M Frey

Positive
Negative

11
6

6
5

0.591

O Frey

Positive
Negative

4
4

2
1

0.576

M Frey

Positive
Negative

2
2

3
1

0.500

> 5 yr

M-ANNHEIM
severity

P value

History of
surgery

Pain symptom positive: According to the M-ANNHEIM scoring system,
the total score of “patient report of pain” and “pain control” is ≥ 3 points;
Pain symptom negative: According to the M-ANNHEIM scoring system,
the total score of “patient report of pain” and “pain control” is < 3 points.
M Frey: Modified Frey’s procedure; O Frey: Original Frey’s procedure.

principal cause of failure of the Puestow operation
is the lack of adequate decompression of the
proximal duct of Wirsung, as well as the uncinated
[6]
and tributary ducts in the head of the pancreas .
For these patients, pancreaticoduodenectomy has
been performed for > 60 years. It has proven to
be an effective means of managing pain and the
[12]
complications of CP . It is reported that pain relief
at 4-6 years after the operation occurs in 71%-89%
[12-14]
of patients
. Subsequently, surgeons have found
that total pancreatectomy does not give better pain
relief than pancreaticoduodenectomy. Moreover, the
metabolic consequences of total pancreatectomy in the
absence of islet cell transplantation are profound and
life threatening.
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In 1987, a new operation for the management
of pain and the complications of CP was described
[5]
by Frey and Smith . This operation involves local
resection of the pancreatic head combined with
longitudinal pancreaticojejunostomy (LR-LPJ). The
ducts of Wirsung and Santorini are excised, and the
excavation is created in continuity with the longitudinal
dichotomy of the dorsal duct. To reduce the risk of
penetrating the posterior capsule of the pancreatic
head, Frey and Amikura later recommended that the
posterior limit of resection should be the back wall of
the opened duct of Wirsung and duct to the uncinate
[6]
process . Subsequent to Frey’s own modification
of the technique, other surgeons have described
modifications of the extent or technique of LR-LPJ.
Andersen and Topazian advocated performing LR-LPJ
as it was originally described, but alternately excising
the ducts of Wirsung and uncinate in the pancreatic
[15]
[16]
head . Izbicki et al
at the University of Hamburg
also recommend a more extensive excavation of the
pancreatic head, and use a technique that they refer
to as the Hamburg modification of LR-LPJ.
To date, comparisons of pancreaticoduodenectomy
and the Frey procedure have shown equivalent pain
relief in initial and long-term results but better QoL
[13,16,17]
with the Frey procedure
. For techniques of
duodenum-preserving resection of the pancreatic
head, one randomized trial comparing Frey and
Beger procedures showed similar mortality but lower
[17]
morbidity with the Frey procedure . In the 8-year
[18]
follow-up published by Strate et al
in 2005, there
was no significant difference concerning QoL and pain
score. No studies have compared the original and
[7]
modified Frey’s procedures. Sakata et al advocated a
minimum Frey procedure with limited resection of the
anterior part of the pancreatic head, with longitudinal
pancreaticojejunostomy and found a similar outcome
to the modified Frey’s procedure. We were not able to
answer the question of how much of the pancreatic
head should be resected in Frey’s procedure. In
the present study, we compared the original Frey’s
procedure with the modified Frey’s procedure using
retrospective data in our department. We applied the
M-ANNHEIM severity index to grade the disease. We
focused on the role of severity of CP and the surgical
techniques in the results of the Frey’s procedure.
The original Frey’s procedure is technically more
complicated and risky than the modified Frey’s
procedure in theory, because more pancreatic paren
chyma needs to be resected in the original procedure.
However, the difficulties in the original Frey’s procedure
create few obstacles for experienced surgeons. There
were no differences in operating time, loss of blood,
morbidity, mortality and postoperative hospital stay
between these two operations in the present study.
There was penetration of the posterior capsule of the
pancreatic head in the original Frey’s group. The mean
operating time was 230 min in the original Frey’s
group. The morbidity was 13.6% (6/44) in the original
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Frey’s group and 19.4% (7/36) in the modified Frey’s
group. The results were similar to other reports about
[6,19-21]
Frey’s procedure
.
Pain symptoms related to exocrine and com
plications due to endocrine pancreatic insufficiency are
a characteristic feature of CP. Pain is the most serious
problem for the patient in terms of missing work,
hospitalization, or addiction to analgesics. Alcohol
and nicotine are the most important risk factors
that affect pain relief after surgery. Although we
repeatedly stressed the importance of stopping alcohol
consumption and smoking, a few patients persisted.
There were no significant differences in alcohol
consumption and smoking after surgery between the
two groups during follow-up. So, we still included these
patients when we compared the long-term results of
the two types of surgeries. When comparing pain relief,
patients were divided into two subgroups according to
whether the follow-up time was > 5 years. We found
better pain relief at 5 years after surgery in the original
Frey’s group. However, among the patients who had
a history of surgery > 5 years, we did not find any
difference between the two operations. The latter
result could have been affected by the small number of
patients. There were only 19 patients with a history of
surgery > 5 years. However, 61 patients had a history
of surgery < 5 years. So, we consider that a more
accurate result may be achieved when more patients
had a history of surgery > 5 years.
Success in the Frey’s procedure with complete
decompression of the pancreatic ducts depends on
maximal excision of the parenchyma in the pancreatic
head. This may be the reason why the original
Frey’s procedure achieved better pain relief in our
study. Preservation of pancreatic function is another
important result of Frey’s procedure. We found equal
exocrine and endocrine insufficiency between the two
Frey’s procedures. Patients with the original Frey’s
procedure had better QoL on the emotional scale and
fewer fatigue symptoms. We suggest that the better
decompression with the original Frey’s procedure
relieves pancreatic inflammation. Feeling relaxed
would give greater confidence to patients for the
original Frey’s procedure.
In current practice, patients with CP are managed by
a conservative step-up practice. Surgical intervention is
kept as an option of last resort when other treatments
have failed and the severity of disease has increased
[22]
substantially and pain becomes unmanageable .
As an alternative to the current conservative stepup practice, there is a new suggestion emerging that
surgery early in the clinical course of CP is beneficial
in terms of pain control and pancreatic function.
This claim is based on some new evidence. In an
experimental model of early vs late surgical drainage
[23]
for CP in piglets, Lamme et al
found that early
surgery resulted in less histological cell damage
and better exocrine pancreatic function. From an
observational study of 266 consecutive patients
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Table 7 M-ANNHEIM scoring system for the grading of clinical features of chronic pancreatitis
Clinical features
Patient report of pain
No pain without therapy
Recurrent acute pancreatitis
No pain with therapy
Intermittent pain
Continuous pain

Points
(patient reports requiring no pain medication)
(patient reports freedom from pain between attacks of acute pancreatitis)
(patient reports freedom from pain with pain medication or endoscopic intervention)
(patient reports intermittent pain-free episodes, either with or without therapy; possibly
additional attacks of acute pancreatitis)
(patient reports absence of pain-free episodes, either with or without therapy; possibly
additional attacks of acute pancreatitis)

Pain control1
No medication
Use of non-opioid drugs or use of mild opioids (WHO step 1 or 2)
Use of potent opioids (WHO step 3) or endoscopic intervention
Surgical intervention1,2
Pancreatic surgical intervention for any reason
Exocrine insufficiency3
Absence of exocrine insufficiency
Presence of mild, moderate, or unproven exocrine insufficiency not requiring enzyme supplementation (including patient reports
of intermittent diarrhea)
Presence of proven exocrine insufficiency (according to exocrine function tests) or presence of marked exocrine insufficiency
defined as steatorrhea (> 7 g fac/24 h), normalized or markedly reduced by enzyme supplementation
Endocrine insufficiency
Absence of diabetes mellitus
Presence of diabetes mellitus
Morphologic status on pancreatic imaging (according to the Cambridge classification)
Normal
Equivocal
Mild
Moderate
Marked
Severe organ complication2 (not included in the Cambridge classification)
Absence of complications
Presence of possibly reversible
complication4
Presence of irreversible
complications4

0
1
2
3
4

0
1
2
4
0
1
2

0
4
0
1
2
3
4
0
2
4

1

The classification of pancreatic pain according to the severity index is done by combining the observed pain patterns together with their treatment
interventions. For example, potent opioids (2 points) resulting in intermittent occurrence of abdominal pain (3 points) is 5 points on the severity index; 2Any
surgical intervention and any severe complication are included in the calculation of the severity index starting from their first occurrence and continuing
during the later course of the disease. Thus, if a patient has two different severe complications, both must be included separately in the calculation of the
severity index; 3As tests for pancreatic exocrine function are relatively insensitive for detecting mild or moderate exocrine insufficiency, the presence of
intermittent diarrhea and a typical description of the stool, suggestive of chronic pancreatitis, given by the patient (e.g., while, bulky, voluminous, with
undigested food present), together with normal test results of exocrine function, are consequently classified as partial pancreatic exocrine insufficiency (1
point); 4Reversible severe complications: development of ascites, bleeding, pseudoaneurysm, obstruction or stricture of the ductus choledochus, pancreatic
fistula, duodenal stenosis. Irreversible severe complications: portal or splenic vein thrombosis with or without portal hypertension, pancreatic cancer.
[24]

undergoing surgery, Ahmed Ali et al
observed
that surgery at 3 years after onset of symptoms
was independently associated with worsened pain
outcome and increased rates of endocrine pancreatic
insufficiency. Additionally, preoperative use of opioids
was significantly associated with bad outcome of
surgery in terms of pain control.
We found the original Frey’s procedure achieved
significantly better pain relief at 5 years after surgery.
However, the result may be interfered by the severity
of CP. It is possible that surgeons had to choose the
modified Frey’s procedure instead of the original
procedure due to difficulty caused by severity of
CP. So, it was necessary to identify the impact of
severity of CP on the result of surgery. We applied the
M-ANNHEIM severity index of CP to grade the severity
of patients. The M-ANNHEIM is a simple, objective and
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noninvasive classification system of CP, which includes
a severity index that refers to the different conditions
of pancreatic morphology and pancreatic function,
and clinical features of the disease, such as various
patterns of pain and the impact of conservative,
endoscopic and surgical treatment. It grades the
severity of CP into five degrees according to its scoring
system that involves reports of pain, pain control,
surgical intervention, exocrine insufficiency, endocrine
insufficiency, morphological status on imaging, and
severe organ complications (Tables 7 and 8). In
this study, we classified the severity of CP into two
degrees. Grades A and B were classified as minor
severity and Grades C-E were classified as major
severity. The result was unexpected. The severity of CP
had no impact on the pain relief after surgery in either
group. This result supports the conservative step-up
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Table 8 M-ANNHEIM severity index of chronic pancreatitis
Severity index

Severity level

Point range

M-ANNHEIM A
M-ANNHEIM B
M-ANNHEIM C
M-ANNHEIM D
M-ANNHEIM E

Minor
Increased
Advanced
Marked
Exacerbated

0-5
6-10
11-15
16-20
> 20

1

2

M-ANNHEIM scoring system points are added together, and the sum
is used to categorize a patient’s disease according to the M-ANNHEIM
severity index.

practice of CP.
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CP was as safe as the modified Frey’s procedure.
However, the original Frey’s procedure brings bet
ter pain relief and equal preservation of function
to the modified Frey’s procedure. It may also bring
better QoL. However, this should be supported by
more evidence. The severity of CP does not affect
postoperative pain relief.
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Abstract
AIM
To assess the safety and feasibility of laparoscopic and
endoscopic co-operative surgery (LECS) for early nonampullary duodenal tumors.
METHODS
Twelve patients with a non-ampullary duodenal tumor
underwent LECS at our hospital. One patient had
two mucosal lesions in the duodenum. The indication
for this procedure was the presence of duodenal
tumors with a low risk for lymph node metastasis.
In particular, the tumors included small (less than
10 mm) submucosal tumors (SMT) and epithelial
mucosal tumors, such as mucosal cancers or large
mucosal adenomas with malignant suspicion. The
LECS procedures, such as full-thickness dissection for
SMT and laparoscopic reinforcement after endoscopic
submucosal dissection (ESD) for epithelial tumors,
were performed for the 13 early duodenal lesions in
12 patients. Here we present the short-term outcomes
and evaluate the safety and feasibility of this new
technique.
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RESULTS
Two SMT-like lesions and eleven superficial epithelial
tumor-like lesions were observed. Seven and Six
lesions were located in the second and third parts
of the duodenum, respectively. All lesions were
successfully resected en bloc . The defect in the
duodenal wall was manually sutured after resection
of the duodenal SMT. For epithelial duodenal tumors,
the ulcer bed was laparoscopically reinforced via
manual suturing after ESD. Intraoperative perforation
occurred in two out of eleven epithelial tumor-like
lesions during ESD; however, they were successfully
laparoscopically repaired. The median operative time
and intraoperative estimated blood loss were 322 min
and 0 mL, respectively. Histological examination of the
tumors revealed one adenoma with moderate atypia,
ten adenocarcinomas, and two neuroendocrine tumors.
No severe postoperative complications (Clavien-Dindo
classification grade Ⅲ or higher) were reported in
this series, but minor leakage secondary to pancreatic
fistula occurred in one patient.
CONCLUSION
LECS can be a safe and minimally invasive treatment
option for non-ampullary early duodenal tumors.
Key words: non-ampullary tumor; laparoscopic and
endoscopic cooperative surgery; early duodenal cancer
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed laparoscopic and endoscopic
co-operative surgery (LECS) procedures, such as
full-thickness dissection for submucosal tumors and
laparoscopic reinforcement after endoscopic submu
cosal dissection for epithelial tumors, for 13 early
duodenal lesions in 12 patients, and analyzed the
safety and feasibility of LECS for early non-ampullary
duodenal tumors. All lesions were successfully resec
ted en bloc . No severe postoperative complications
(Clavien-Dindo classification grade Ⅲ or higher) were
reported in this series, but minor leakage secondary to
pancreatic fistula occurred in one patient. LECS can be
a safe and minimally invasive treatment option for nonampullary early duodenal tumors.
Ichikawa D, Komatsu S, Dohi O, Naito Y, Kosuga T, Kamada
K, Okamoto K, Itoh Y, Otsuji E. Laparoscopic and endoscopic
co-operative surgery for non-ampullary duodenal tumors. World J
Gastroenterol 2016; 22(47): 10424-10431 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i47/10424.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i47.10424

INTRODUCTION
Pancreatoduodenectomy is considered as the standard
[1,2]
approach for the resection of duodenal tumors .

WJG|www.wjgnet.com

Partial duodenal resection has also been attempted
as an alternative treatment option for duodenal
tumors such as mucosal adenocarcinoma and small
submucosal tumors (SMT), which do not require lymph
[3-6]
node dissection . Conventional surgery, however,
is still invasive especially for patients with such early
duodenal tumors.
Recently, postoperative quality of life has received
considerable attention, in addition to the oncological
outcomes of patients with malignant tumors. There
fore, endoscopic treatments, such as endoscopic
mucosal resection (EMR) and endoscopic submucosal
dissection (ESD), are being increasingly performed for
early epithelial duodenal tumors. However, endoscopic
treatments for duodenal tumors are still controversial.
The anatomical features of the duodenum, such as the
narrow lumen and thin wall, make endoscopic resection
of tumors very difficult. In fact, several recent reports
have demonstrated that severe complications, such
as perforation and bleeding, frequently occur during
[7-11]
and after endoscopic treatments
. Recently, Hiki
[12,13]
et al
reported on laparoscopic and endoscopic
co-operative surgery (LECS) for gastrointestinal stromal
tumors (GIST). This revolutionary procedure enables
the precise assessment of tumor boundaries, thereby
facilitating adequate tumor resection.
Taking the abovementioned factors into conside
ration, we have recently developed an LECS concept for
the treatment of early non-ampullary duodenal tumors.
In this report, we present the details of our procedure
and its short-term outcomes and evaluate the safety
and feasibility of this new technique.

MATERIALS AND METHODS
Patients

Between 2015 and 2016, twelve patients (7 males
and 5 females) with a non-ampullary duodenal tumor
underwent LECS at Kyoto Prefectural University of
Medicine. One patient had two mucosal lesions in
the second and third parts of the duodenum. All
patients underwent diagnostic endoscopy with biopsy.
Indications for endoscopic and/or laparoscopic local
resection of the duodenal tumors were those with a
low risk for lymph node metastasis. Our therapeutic
strategies for the early duodenal epithelial tumors,
such as mucosal cancers or large mucosal adenomas
with malignant suspicion, were as follows: (1) epi
thelial mucosal tumors of less than 10 mm diameter
in the duodenum were treated with EMR; (2) epithelial
mucosal tumors of less than 20 mm diameter in the
first part of the duodenum were generally treated with
common ESD; and (3) epithelial mucosal tumors of
more than 10 mm diameter in the second and third
parts of the duodenum and those of more than 20
mm in the first part of the duodenum were treated
with LECS under general anesthesia. LECS procedure
was also indicated for small SMTs (less than 10 mm
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Figure 1 Trocar arrangement for duodenal laparoscopic and endoscopic
co-operative surgery. A 12-mm trocar was placed through the umbilicus as a
camera port. Four additional trocars were located symmetrically along the line
connecting the location of the target tumor and the umbilicus.

diameter) of the duodenum with negligible risk for
lymph node metastasis in principle. All subjects
gave written informed consent prior to undergoing
treatment by LECS.
The clinicopathological features of these patients
were retrospectively reviewed from their hospital
records. Macroscopic and microscopic classifications of
tumors were based on the International Union against
Cancer/ Tumor, Node, Metastasis (UICC/TMN) staging
system. Postoperative functional evaluation using cinemagnetic resonance imaging examination (cine-MRI)
was also performed in patients who one year had
[14]
passed after operation as previously reported . In
brief, patients fasted for 4 h prior to the examination.
After intake of a jelly drink, imaging was performed
for 30 min with the patients in a supine position. Serial
images were obtained in a single slice of the plane
along the long axis of the second and third parts of the
duodenum including the resected area.

Surgical procedures

Under general anesthesia, a 12-mm laparoscopy port
was inserted through the umbilicus using the open
technique. After pneumoperitoneum with carbon
dioxide, four additional trocars were inserted as shown
in Figure 1. The trocars, except the trocar for the
laparoscope, were symmetrically located along the
line connecting the location of target tumor and the
umbilicus.
From the left side of the patient, the greater
omentum was divided at 3 cm from the right gastroe
piploic vessels, using laparoscopic coagulating shears
(Harmonic Scalpel, Ethicon Endo-Surgery, Cincinnati,
OH, United States).
The attachment of the transverse mesocolon was
freed from the pancreatic head and retroperitoneal
tissues. During exfoliation, the accessory right colic
vein was clipped and divided to avoid unnecessary
bleeding due to intraoperative tensions during ESD
procedures. For tumors located in the third part of
the duodenum, the hepatocolic ligament was also
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dissected, and the right colic flexure was mobilized
from the retroperitoneum to achieve a good visual
field for the horizontal part of duodenum. Then, the
duodenum was mobilized along with the pancreatic
head from the retroperitoneum.
Before the endoscopic procedure, the jejunum
was clamped using laparoscopic removal forceps. The
tumor location was confirmed using both endoscopy
and laparoscopy, and the periphery of the tumor was
carefully marked using the endoscope. Using ESD
technique, a circumferential mucosal incision was
made around the tumor with a flush knife and/or a
clutch cutter (Fujifilm Co., Tokyo, Japan) after the
injection of sodium hyaluronate solution (MucoUp;
Johnson and Johnson K.K., Tokyo, Japan). Fullthickness circumferential dissection was subsequently
performed endoscopically and laparoscopically for SMT.
On the other hand, the common ESD procedure was
performed for epithelial tumors such as early duodenal
cancers and large adenomas.
Thereafter, the edge of the duodenal wall defect
was closed using a laparoscopic hand-sewn suturing
technique for cases with SMT and for perforation during
ESD. Even after successful ESD, we reinforced the
ESD ulcer bed of the duodenum using the laparoscopic
hand-sewn suturing technique. After tumor resection,
intraluminal endoscopic lavage was performed with a
copious amount of saline. Then, the precise location of
the ulcer bed was confirmed based on the transmitted
light of the endoscope and the pressure exerted
from the serosal surface using laparoscopy forceps.
Interrupted full-thickness and sero-muscular sutures
were added to this site, with taken care to avoid any
stenosis or deformity in this series.
After completing the procedure, the endoscope
was inserted and passed over the resected location to
confirm that there was neither stenosis nor leakage.

RESULTS
Patient and tumor characteristics are shown in Table 1.
All patients had no symptoms related to the duodenal
lesions, and all the lesions were detected on endoscopy
performed as a part of a routine physical examination.
During the study period, EMR was indicated for
30 cases of epithelial mucosal tumors of less than 10
mm diameter in the several parts of the duodenum,
and common ESD was indicated for three cases of
epithelial mucosal tumors of less than 20 mm diameter
in the first part of the duodenum. On the other hand,
a total of 12 patients with 13 duodenal lesions were
treated by the LECS procedures. Two SMT-like lesions
and eleven superficial epithelial tumor-like lesions were
observed. Seven and six lesions were located in the
second and third parts of the duodenum, respectively.
Five lesions were located on the oral side of ampulla of
Vater, while eight lesions were on the anal side.
Figure 2 shows intraoperative views of the LECS
procedure for duodenal SMT. After tumor resection, the
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A

Table 1 Patient and tumor characteristics as well as surgical
results
Parameters

Statistics

No. of patients
No. of lesions
Age (yr)
Sex (male/female)
Location
2nd
3rd
Macroscopic types
Submucosal tumor
Epithelial (elevated)
Size (mm)
Operation time (min)
ESD time (min)
Blood loss (ml)

12
13
70 (63-79)1
7/5
7
6
2
11
22 (11-38)1
322 (220-570)1
105 (20-210)1
0 (0-150)1

B

Postoperative complications2
Minor (≤ grade Ⅱ)
Major (≥ grade Ⅲ)
Pathological diagnosis
NET
Adenoma
Adenocarcinoma
Depth of tumor
Mucosal
Submucosal
Postoperative hospital stay (d)
Follow-up period (mo)

2
0
2
1
10
10
3
9 (7-49)1
14 (3-19)1

C

1

Median (range); 2Clavien-Dindo classification. NET: Neuroendocrine
tumor.

defect in the duodenal wall was closed by a hand-sewn
suturing procedure. Figure 3 shows intraoperative views
of the LECS procedure for epithelial duodenal tumors, in
which the resulting ulcer after ESD was laparoscopically
reinforced. The ulcer bed was very thin and easily
recognized by the transmitted light of the endoscope,
even after successful ESD. Intraoperative perforation
was found in two out of the eleven epithelial tumor-like
lesions of ESD. These perforations were successfully
repaired laparoscopically by hand-sewn sutures. All
lesions were successfully resected en bloc. The median
operative time and intraoperative estimated blood loss
were 322 min and 0 mL, respectively. Conversion to
open surgery was not required in this series.
The median time for restarting oral intake was 1
d. The median postoperative hospital stay was 9 d.
No severe postoperative complications (Clavien-Dindo
classification grade Ⅲ or higher) were reported in this
series, but minor leakage secondary to a pancreatic
fistula occurred in one patient. The leakage was
minor and asymptomatic and was conservatively
managed. One patient experienced obstruction of the
food passage after discharge. Endoscopic examina
tion revealed near circumferential duodenal wall
edema, which resolved over a week with conserva
tive management.
Histological examination of the resected tumors
revealed one adenoma with moderate atypia, ten aden
ocarcinomas, and two neuroendocrine tumors. The
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D

Figure 2 laparoscopic and endoscopic co-operative surgery procedure
for a duodenal submucosal tumors. A: Endoscopic view of a duodenal
neuroendocrine tumor; B: Endoscopic view of a full-thickness dissection; C:
Laparoscopic view after full-thickness excision; D: Laparoscopic view after
closure using hand-sewn sutures.

median follow-up periods of these patients were 14 mo
(range 3-19 mo). No local or distant recurrence was
detected in any patient during the short postoperative
follow-up period.

10427

December 21, 2016|Volume 22|Issue 47|

Ichikawa D et al . LECS for duodenal tumors

A

B

C

D

Figure 3 laparoscopic and endoscopic co-operative surgery procedure for a superficial epithelial tumor. A: Endoscopic view of a duodenal mucosal tumor;
B: Endoscopic view of the ulcer bed after endoscopic submucosal dissection; C: Laparoscopic view after reinforcement using hand-sewn sutures; D: Endoscopic view
after the sutures.

Cine-MRI showed the presence of periodic active
peristalsis in the entire duodenum, which suggested
the usefulness of LECS as a functional preservation
treatment option (Figure 4).

DISCUSSION
Although the incidence of early duodenal tumors is
[15,16]
rare
, the recent widespread use of endoscopy
in regular medical check-ups may increase the
detection rates in near future. Previously, aggressive
surgical procedures, such as pancreatoduodenectomy
or segmental duodenectomy with regional lymph
node dissection, were indicated for duodenal
[1,2]
tumors regardless of their stage . However, these
conventional surgical procedures may be excessively
invasive for early duodenal tumors and are associated
with high rates of severe postoperative complications
[1,17]
and a decrease in the patients’ quality of life
.
Recently, various less invasive treatment options
have been attempted for the resection of early-stage
duodenal tumors with a negligible risk for lymph
[3-11,18-23]
node metastasis
. One is the endoscopic
tumor resection which is widely accepted for early
[7-11]
gastrointestinal tumors
. Among the endoscopic
treatment procedures, ESD has been recognized to have
advantages over EMR in achievement of en bloc and
[9,11]
complete (R0; no residual tumor) resection
. However,
ESD for duodenal tumors is considered to be more
difficult when compared with that for tumors in other
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parts of the gastrointestinal tract, such as the esophagus,
[7-11]
stomach, and colon
. Maneuvering of a flexible
endoscope in the narrow duodenal lumen is technically
difficult, and the thin wall increases the perforation
risk of ESD for superficial duodenal tumors. Several
studies reported a high rate of severe complications
[7-11,15]
such as bleeding and perforation
. The incidence
of perforation was reported to be around 30%, and
delayed perforation was reported in some cases even
[10,11]
after successful ESD
. Duodenal perforation results in
the spillage of duodenal fluids into the abdominal cavity,
causing severe peritonitis and sometimes retroperitonitis;
this leads to increased hospitalization periods and
medical care costs.
Other less invasive treatment option for early duo
[18-23]
denal tumors is the laparoscopic local resection
.
However, in intraluminal tumors, it is difficult to
determine an adequate resection line from the sero
sal surface on laparoscopic view. Massive resection
with excessive margins may cause deformity and/or
stenosis, whereas insufficient surgical margins may
result in local recurrence.
These findings prompted us to refine less invasive
treatments and utilize the advantages of the endoscopic
and laparoscopic approaches for early duodenal
tumors. LECS was first reported for GIST by Hiki et
[12]
al . In the original LECS procedure, endoscopists
determined the resection line with adequate margins,
and consequently, laparoscopic surgeons resected the
tumors along the line determined by endoscopists.
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A

B

C

D

E

F

Figure 4 Cine-magnetic resonance imaging findings of duodenal contraction. These figures are in the following order: A→B→C→D→E→F. White arrows
show the second part of the duodenum. They show the presence of periodic active peristalsis in the duodenum.

In the present study, we applied LECS techniques
for the local resection of early-stage non-ampullary
duodenal tumors. Local resection without destroying
surrounding tissues was not only a less invasive but
also function-preserving treatment, as shown in the
results of the duodenal motility assay.
The conventional LECS procedure was applied to
SMT with a low potential for lymph node metastasis.
The indication includes GIST of less than 20 mm,
carcinoid tumors of less than 10 mm, and other
small SMT (less than 20 mm) with a low malignant
[13,24]
potential
. An endoscopic circumferential incision for
duodenal SMT was difficult and time-consuming due to
a narrow duodenal lumen, and therefore, laparoscopic
resection was finally performed with endoscopicmarking guidance. In this study, the original LECS
procedure enabled the resection of submucosal tumors
with minimal margins and less postoperative duodenal
deformity. On the other hand, we also applied the LECS
technique for mucosal cancers and large adenomas
with a suspected focal malignancy. These superficial
epithelial tumors generally have no risk for lymph
node metastasis and are considered an indication for
ESD. However, bleeding and perforation during and
after ESD occurred at a considerable frequency in our
hospital; this outcome was similar to that of other
reports, and the procedure was sometimes associated
[7-11]
with severe complications
. Therefore, we applied
the LECS technique for the superficial tumors as a
safety-sensitive strategy. Our method involved ESD
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and subsequent reinforcement of the thinned ulcer
bed by hand-sewn stiches. Firstly, we used singlelayer seromuscular sutures for the reinforcement of the
ESD ulcer. However, reinforcement by seromuscular
sutures alone required strict recognition of the ESD
ulcer boundaries and resulted in intraluminal protrusion
of the ulcer bed between the sutured mucosa. This
kind of reinforcement was assumed to be effective for
perforation but not for hemorrhagic complications. In
[23]
fact, Irino et al
have reported that postoperative
bleeding occurred after this kind of LECS procedure.
Therefore, we sutured the ESD ulcer bed with two
layers of stitches, full-thickness and seromuscular,
using a laparo-endoscopic view to decrease the rate
of postoperative complications, with care to avoid
any stenosis or deformity in this series. The LECS
procedure achieved a good short-term outcome,
except for 1 case with minor leakage secondary to
a pancreatic fistula, which resolved after a week of
conservative management. The fistula was suspected
to be due to damage to the pancreatic tissues caused
by the sutures. From our experience, preoperative
diagnostic endoscopic ultrasonography is advocated for
the circumferential localization of tumors. If the tumor
is found to extend to the pancreatic side of duodenum,
endoscopic closure using clips should be considered.
Our LECS procedure had another issue to consider.
A full-thickness suture may possibly cause the intraabdominal dissemination of tumor cells detached
from the tumor. However, previous studies have
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reported that no recurrence was recorded in 90 cases
[25]
of perforation during ESD treatment . Therefore, we
assumed that the small amount of tumor cells or tumor
debris from superficial tumors was unlikely to adhere to
the peritoneum and develop into peritoneal recurrences.
Nevertheless, in order to decrease intraluminal free
tumor cells, we performed a lavage of the duodenal
lumen with an adequate amount of saline (more than
1000 mL) after ESD and thereafter stitched the ulcer
bed. Another advantage of the LECS procedure is that it
enabled the immediate closure of perforation occurring
during the ESD technique. In fact, perforation during
ESD occurred in three cases in this series. Among
them, one case developed a micro-perforation that was
not recognized by the endoscopist during ESD, yet was
detected by careful observation of the serosal surface.
This kind of latent micro-perforation may be the cause
of delayed perforation that sometimes results in lethal
complications after ESD.
We should give further consideration to the indi
cations of laparoscopic reinforcement after duodenal
ESD. Some reports demonstrated that most delayed
perforations after ESD develop in tumors on the anal
side of the ampulla of Vater because of the direct
exposure of the ESD ulcer bed to pancreatic juice
[8,10,11]
and biliary enzymes
. Therefore, the additional
reinforcement by laparoscopic sutures might be
required only after ESD for tumors on the anal side
of the ampulla of Vater. Although future large trials
are needed for confirmation, the LECS procedure
could be safe, minimally invasive, and represent an
adequate treatment option for non-ampullary early
duodenal tumors with an ignorable risk of lymph node
metastasis.

Applications
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This study suggested that LECS can be a safe and minimally invasive treatment
option for non-ampullary early duodenal tumors with a negligible risk of lymph
node metastasis although future large trials are needed for confirmation.

Terminology

Endoscopic mucosal resection (EMR) and ESD are well-established techniques
of endoscopic resection for the treatment of gastrointestinal epithelial lesions.
LECS, which stands for laparoscopy and endoscopy co-operative surgery,
was developed by Hiki et al. A SMT is a tumor derived from the submucosal or
deeper layer and includes gastrointestinal stromal tumor and neuroendocrine
tumor.
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of LECS procedures for non-ampullary early duodenal tumors. The objective is
very curious and important. Few centers would have such an opportunity and
this unusual experience is worth recording.
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Abstract
AIM
To evaluate the real-world effectiveness of golimumab
in ulcerative colitis (UC) and to identify predictors of
response.
METHODS
We conducted an observational, prospective and multi-
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center study in UC patients treated with golimumab,
from September 2014 to September 2015. Clinical
activity was assessed at wk 0 and 14 with the physician’
s global clinical assessment (PGA) and the partial Mayo
score. Colonoscopies and blood tests were performed,
following daily-practice clinical criteria, and the results
were recorded in an SPSS database.
RESULTS
Thirty-three consecutive patients with moderately to
severely active UC were included. Among them, 54.5%
were female and 42 years was the average age. Thirty
percent had left-sided UC (E2) and 70% had extensive
UC (E3). All patients had an endoscopic Mayo score of
2 or 3 at baseline. Twenty-seven point three percent
were anti-tumor necrosis factor (TNF) treatment naïve,
whereas 72.7% had previously received infliximab and/
or adalimumab. Sixty-nine point seven percent showed
clinical response and were steroid-free at wk 14 (a
decrease from baseline in the partial Mayo score of at
least 3 points). Based on PGA, the clinical remission and
clinical response rates were 24% and 55% respectively.
Withdrawal of corticosteroids was observed in 70.8%
of steroid-dependent patients at the end of the study.
Three out of 10 clinical non-responders needed a colec
tomy. Mean fecal calprotectin value at baseline was
300 µg/g, and 170.5 µg/g at wk 14. Being anti-TNF
treatment naïve was a protection factor, which was
related to better chances of reaching clinical remission.
Twenty-seven point three percent of the patients
required treatment intensification at 14 wk of followup. Only three adverse effects (AEs) were observed
during the study; all were mild and golimumab was not
interrupted.
CONCLUSION
This real-life practice study endorses golimumab’s
promising results, demonstrating its short-term effec
tiveness and confirming it as a safe drug during the
induction phase.
Key words: Golimumab; Ulcerative colitis; Real-life
results
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Golimumab is a fully humanized anti-tumor
necrosis factor-alpha monoclonal antibody, which has
recently been accepted in clinical practice. Pivotal
studies have demonstrated the drug’s benefits, but
real-life studies are still scarce. This observational,
prospective and multi-center study in moderate-severe
ulcerative colitis patients, confirmed golimumab’s
short-term (14 wk) effectiveness. A high percentage
of patients had responded and were off steroids
at the end of follow-up. No severe adverse events
were observed. Intensification (reducing the drug
administration interval or increasing the dosage) may
be useful in many slow-to-respond cases.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory
bowel disease (IBD) of the colon, with progressively
increasing incidence and prevalence. The prevalence
of UC varies by geographic region, ranging from 4.9
to 505 per 100000 people in Europe, 4.9 to 168.3
per 100000 in Asia and the Middle East, and 37.5 to
[1-6]
248.6 per 100000 in North America . The treatment
of UC was initially based on symptom improvement
and induction of clinical remission, but has become
more ambitious as new treatments have appeared.
Nowadays, the objective is to maintain a steroid-free
remission, prevent hospital admission and surgery,
obtain mucosal healing, improve quality of life and
[2]
avoid disability . Treatment for UC consists mainly
of mesalazine, corticosteroids, immunosuppressive
drugs and biologic drugs (monoclonal antibodies to
tumor necrosis factor-alpha (anti-TNFα) and antiintegrin medicines are currently available for regular
use in Spain). Which one/s to use depends on disease
extension (proctitis, left-sided colitis or extensive
disease), disease activity and behavior (early relapse,
[7]
steroid-dependence, etc.) .
The introduction of anti-TNF drugs in the past
two decades, has allowed clinicians to change the
treatment objectives to the more determined ones
mentioned above. Biologics were initially used only
for severe steroid-refractory patients, and have been
increasingly recommended in different categories,
seeking an endoscopic and clinical remission, to avoid
steroid overuse, deterioration of patients’ quality of
life, colectomy, etc. Anti-TNF drugs are the only ones
to have proven effectiveness in obtaining mucosal
healing in a high percentage of responding patients. To
date, three anti-TNFα drugs are licensed for treatment
in moderate-severe UC: infliximab, adalimumab and
golimumab.
Golimumab is a fully humanized anti-TNFα mono
clonal antibody, administered subcutaneously. As with
infliximab and adalimumab, golimumab blocks soluble
and trans-membrane TNFα, avoiding permanent
TNFα receptor binding. However, compared to the
other anti-TNFα, preclinical studies showed that
golimumab had greater conformational stability and
higher binding affinity for soluble and trans-membrane
TNFα. Golimumab reaches peak serum concentrations
in 2-6 d, obtaining steady drug levels after 14 wk of
[8]
treatment .
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Golimumab was approved for UC by the European
Medicines Agency (EMA) in the European Union and
the Food and Drug Administration (FDA) in the United
States in 2013, and in Spain as the first-line treatment
in May 2014. Golimumab has an induction phase with
higher dosage in the first two shots; the initial dose is
200 mg subcutaneously at wk 0, followed by 100 mg
at wk 2. Maintenance dose is 50 or 100 mg subcuta
neously every 4 wk, depending on the patient’s weight
(more or less than 80 kg) in Europe, with a fixed 100
mg dose in the United States.
The golimumab pivotal studies (PURSUIT) de
monstrated its efficacy and safety in moderate to
severe UC patients, who had an inadequate response
to steroids and immunosuppressants, and had not
received anti-TNF drugs 12 mo before the study.
However, there is hardly any data from daily clinical
practice and the best scenario for golimumab use has
not yet been defined precisely.
To determine how the new anti-TNF worked on a
daily basis with our real-life patients, many of whom
were refractory to other treatments (a case that had
not been examined in the pre-commercial phase
studies), we decided to prospectively record the data
of all of the first patients to whom we prescribed
golimumab after its approval in Spain. Our objective
was also to review the published literature to obtain,
and transmit, an idea of the real-life management of
UC with golimumab.

MATERIALS AND METHODS
Study design

We conducted an observational, prospective and
multi-center study including patients from 10 of
the Hospitals of the Community of Valencia. All UC
patients to be treated with the recently approved antiTNF, golimumab following real-life clinical practice
considerations were included from September 2014 to
September 2015.
The information was obtained from personal
interviews, written and computerized medical histories
and each hospital’s IBD database. Demographic data
(age, sex, etc.), smoking habits, UC phenotype,
previous and current treatments (including anti-TNF,
steroid dependence or resistance, loss of response,
primary non-responders, etc.), pre-treatment colo
noscopy, and Mayo index, were registered. The
following hematological parameters were recorded:
hemoglobin (Hb), hematocrit, mean corpuscular
volume (MCV), mean corpuscular Hb volume (MCH),
red blood cell distribution width (RDW), leukocyte
analysis, erythrocyte sedimentation rate (ESR), serum
ferritin (s‑ferritin), transferrin saturation (TSAT), total
iron-binding capacity (TIBC) and serum iron and
C-reactive protein (CRP). Routine serum biochemical
parameters before starting golimumab treatment and
at the end on the study follow-up (14 wk) were also
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determined. Fecal calprotectin was registered, when
available, before and after treatment.
[9]
The Montreal classification was used to cha
racterize patients, considering the extent of the
disease (E1: ulcerative proctitis; E2: left-sided UC,
also known a distal UC; and E3: extensive UC) and its
activity/severity (S0: UC in clinical remission; S1: mild
UC; S2: moderate UC; and S3: severe UC).
Inclusion criteria were: 18 years of age or older,
diagnosis of UC according to the Montreal criteria,
signed informed consent and requirement of anti-TNF
for the UC, following real-life clinical criteria (moderate
to severe UC). Patients were excluded if they were
under 18, did not have confirmed UC, did not sign the
consent or had a different indication for golimumab.
All patients received 200 mg of golimumab
subcutaneously at wk 0 and 100 mg at wk 2. After
the induction treatment, each patient received, in
[10]
accordance with the data sheet of the EMA , 50 mg
sc every 4 wk in patients with body weight less than
80 kg, and 100 mg every 4 wk in patients with body
weight greater than or equal to 80 kg.

Assessment of response

Clinical activity was assessed at wk 0 (baseline) and
14 with the physician’s global assessment (PGA) and
the partial Mayo score. IBD gastroenterologists carried
out the PGA with routine questions, following real-life
clinical practice, to gauge disease activity: number of
bowel movements, presence or absence of abdominal
pain, blood with defecation and objective weight loss.
Based on these clinical parameters, PGA was classified
as no response, response or clinical remission. Clinical
response was defined as complete if there was
absence of diarrhea and blood, and partial if there was
marked clinical improvement but still persistent rectal
[11]
bleeding . The definition of clinical response included
reduction or removal of steroids. At wk 14, clinical
response and remission were evaluated, including
complete removal of steroids (primary objective) and
globally, independently of if the steroids had been
removed.
When UC disease activity was measured using the
partial Mayo score, clinical remission was defined as a
total Mayo score of 2 or lower and every subscore less
than 2, and partial response was defined as a decrease
[12]
from baseline of at least 3 points . Recurrence or
aggravation after remission was defined as a partial
Mayo score of 5 or higher, an increase from baseline
at least 3 points, or additional medication or surgical
procedure owing to the development of new symptoms
or signs.

Safety evaluation

In order to identify any adverse events (AEs) associated
with the drug, physical examination and laboratory
parameters were evaluated during the study, and all
AEs were recorded.
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Table 1 Baseline characteristics of the patients n (%)

RESULTS

Variables

Demographic characteristics

Female
Mean age
Extent of disease
Proctitis
Left-side colitis
Extensive colitis
Current smokers
Endoscopic Mayo score 2-3
No previous endoscopy
Clinical situation before golimumab
Mild-remission
Moderate-severe
Golimumab indication
Induction of remission
Maintenance of remission
Extra-intestinal manifestations
Previous anti-TNF use
Use of > 1 anti-TNF
Previous anti-TNF failure
Primary non-responders
Loss of response
Infusion reaction
Previous steroid consumption (31 patients
had previous steroid consumption)
Steroid-refractory
Steroid-dependent
Use of steroids at induction
Associated immunosuppressors
Azathioprine
Tacrolimus

18 (54.4)
13
0
12 (30)
21 (70)
2 (11.1)
30 (100)
3
5 (15.2)
28 (84.8)
28 (84.8)
3 (9.1)
2 (11.1)
24 (72.7)
16 (48.5)
6 (25)
14 (58.3)
4 (16.6)

7 (27.3)
24 (72.7)
25 (75.7)
12 (36.6)
11 (33.3)
1 (3)

Ethical considerations

Our study protocol was reviewed and approved by
the Ethics Committee of all participating hospitals.
All included patients signed an informed consent
authorizing the use of their clinical data for research
purposes. Regarding the potential risks of golimumab
therapy, prior to enrollment, patients were informed of
the known, reported, side effects in patients with UC.
Prior to golimumab infusion, written informed consent
was obtained from all patients. Additionally, adherence
was made to the Principle of Good Clinical Practice and
the Helsinki Declaration at all times.

Statistical analysis

When appropriate, data were presented as the
median and interquartile range. Quantitative data
were summarized by median and interquartile range
(median [interquartile range, IQR]). A Shapiro-Wilk
test was used to assess the normality of continuous
variables. Differences between responders and nonresponders were analyzed with the Mann-Whitney test.
Pearson correlation and Spearman rank were used
for correlation analysis. A two-sided P-value less than
0.05 was considered statistically significant. Statistical
analyses were performed using PASW Statistics 22.0
(SPSS Inc., Chicago, IL, United States).

WJG|www.wjgnet.com

The demographic characteristics of the patients are
shown in Table 1. Thirty-three consecutive patients
with moderately to severely active UC were included
in the study. Eighteen (54.5%) were women and
the average age was 42 years old (SD 13.75). The
mean disease time since diagnosis was 73.5 mo
(range 4-360). Concerning the extent of the disease,
no patients had ulcerative proctitis (E1), 12 (30%)
had left-sided UC (E2) and 21 (70%) patients
had extensive UC (E3). Twenty-four were steroid
dependent (72.7%) and 7 were classified as steroid
refractory (21.3%).
All patients had moderately to severely active UC
(endoscopic Mayo score 2/3) at baseline. With regard
to the disease’s clinical activity, at the beginning of
treatment with golimumab, 28 (85%) patients had
moderate-severe UC (S2-3) and 5 (15.2%) had mild
activity.
At study entry, 9 out of 33 patients (27.3%) were
anti-TNF treatment naïve, whereas 24/33 patients
(72.7%) had previously received infliximab and/or
adalimumab. Sixteen patients (66.7%) had previously
received two biological agents. The reason for antiTNF discontinuation for the anti-TNF exposed patients
was primary non-response in 6 out of 24 cases (25%),
failure or loss of response in 14 (58.3%), and in 4
(16.6%) due to intolerance (delayed hypersensitivity).
Twenty-one patients received golimumab monotherapy,
whereas 12 (36.6%) patients received combination
therapy with thiopurines (11/12) and one patient
received tacrolimus. Twenty-five patients received
steroids during golimumab induction; of these, 7
(21.2%) maintained steroid use when the study
finished.

Response rates

Twenty-three (69.7%) out of 33 UC patients showed
clinical response (Figure 1 show the endoscopic images
of a patient before and after 12 wk of golimumab) and
were steroid-free at wk 14 (a decrease from baseline
in the partial Mayo score of at least 3 points). Of these,
17 (51.5%) obtained clinical remission (steroid-free)
at wk 14. When response rates were based on PGA,
clinical remission and clinical response rates were
24% (8/33) and 55% (18/33), respectively. Globally,
withdrawal of corticosteroids was observed in 70.8%
of steroid-dependent patients (17/24) at the end of
the study. Finally, 3 out of 10 clinical non-responders
needed a colectomy within 3 mo after the first
golimumab injection.
When analyzing the nine anti-TNF treatment naïve
patients, we observed that six (66.7%) responded
but three did not. All responders obtained steroid-free
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Figure 1 Endoscopic view of one of the patients’ colon before and after 12 wk of golimumab.

Table 2 Bivariant analysis with steroid-free remission according
to Mayo score at week 14 of golimumab treatment n (%)
Variable
Age (yr)
Mo since diagnosis
Female sex
Diagnosis < 2 yr
Anti-TNF naïve
> 1 previous anti-TNF
Steroid-dependent
Steroid-refractory
mean ± SD

NO SFR: n =
16 (48.5)

SFR: n = 17
(51.5)

P value

38.36 ± 13.6
72.20 ± 96.11
10 (62.5)
7 (46.7)
3 (18.8)
9 (56.3)
15 (93.8)
4 (25.0)

46.35 ± 13.7
74.65 ± 67.65
8 (47.1)
14 (82.4)
6 (35.3)
7 (41.2)
9 (52.9)
3 (17.6)

NS
NS
NS
0.03
NS
NS
0.01
NS

Table 3 Bivariant analysis with steroid-free clinical response
according to Mayo score at week 14 of golimumab treatment,
n (%)
Variable

Age (yr)
Mo since diagnosis
Female sex
Diagnosis < 2 yr
Anti-TNF naïve
> 1 previous anti-TNF
Steroid-dependent
Steroid-refractory
mean ± SD

clinical response at wk 14.
Mean fecal calprotectin value at baseline was 300
µg/g, (245-1800 percentile 25-75) and 170.5 µg/g
at wk 14 (49-1031 percentiles 25-75). Mean baseline
CRP was 11.9 mg/L and 3.4 mg/L at finish (wk 14).
The bivariant analysis did not find any risk factors
related to less clinical response, taking into account
partial Mayo score, but when partial Mayo score
was analyzed, taking into account remission free of
steroids, we observed that remission was related to
a disease duration of less than 2 years and to not
being steroid-dependent. When clinical remission was
analyzed based on PGA, bivariant analysis showed that
being anti-TNF treatment naïve was a protection factor
which was related to better chances of reaching clinical
remission (P = 0.01). The other variables did not reach
significance in the bivariant analysis (Tables 2 and 3).
Nine of the 33 patients (27.3%) required treatment
intensification in the 14 wk of follow-up. Four patients
received one shot every 2 wk and five patients had
a dosage increase (from 50 to 100 mg, every 4
wk). Three of the nine intensified patients were antiTNF treatment naïve, and six had not responded to
previous anti-TNF. Seven reached remission; only one
of the three treatment-naïve and one of the previous
non-responders did not reach remission.
Three AEs were observed during the study, which
were thought to be related to the golimumab: two
patients had urine infection and one had nausea
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No clinical
response n = 8
(24.2)

Clinical
response n =
25 (75.8)

P value

42.71 ± 8.6
56.14 ± 68
7 (87.5)
4 (50)
3 (37.5)
4 (50.0)
8 (100)
2 (25.0)

43.78 ± 14.9
77.35 ± 87.9
11 (44)
17 (70.8)
6 (24)
12 (48.0)
16 (64.0)
5 (20.0)

NS
NS
0.04
NS
NS
NS
0.05
NS

when the drug was administered. The AEs were all
considered mild and golimumab was not interrupted.

DISCUSSION
Golimumab was accepted in Spain as first-line bio
logical treatment for moderate or severe UC only 2
years ago. Scientific evidence of its efficacy was first
obtained with the PURSUIT studies (published in
[13]
2014). The induction study (PURSUIT-induction)
evaluated moderate-to-severe UC anti-TNF treatment
naïve patients. This study determined golimumab
efficacy until wk 6, with clinical response at wk 6 as
the primary objective. Fifty-one percent of the patients
that received 200/100 mg golimumab and 30.3% of
those treated with placebo had clinical response at
wk 6 (P < 0.001). In the golimumab group 17.8%
obtained clinical remission, whereas only 6.4% of the
placebo patients did (P < 0.001).
The second PURSUIT study (PURSUIT-mainte
[14]
nance)
evaluated 456 patients that had responded
in the previous golimumab induction study. The
primary objective was maintenance of clinical response
through wk 54. There was clinical response in 47% of
the patients who received 50 mg of golimumab every
4 wk, 49.7% of those who had 100 mg/every 4 wk
and 31.2% of those given placebo, with significant
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differences between the golimumab patients and the
placebo group (50 mg golimumab vs placebo: P < 0.01,
and 100 mg vs placebo: P < 0.001). No differences
were found in the amount of severe adverse events in
the three groups.
When we conducted the study, no studies had
been published regarding real-life results with
golimumab. Currently, many studies are on-going,
some of which have presented their preliminary
results at IBD Congresses, and two have been recently
[15,16]
[15]
published
. Detrez et al included 21 patients and
determined golimumab levels and antibodies in the
first 14 wk of treatment, to correlate these with clinical
response and remission.
[16]
The most relevant result of Castro-Laria et al
study (which included 23 patients) was that 74% of
their patients were able to withdraw steroids, which
is quite similar to our results. In our study 70.8% of
the steroid-dependent patients and 69.7% of all the
patients were steroid-free at the end of follow-up.
Although both studies, Castro-Laria’s and ours, do not
include many patients due the fact that it is a recently
approved drug, and not forgetting that the Castro[16]
Laria et al
23-patient study was retrospective, a
significant real-life steroid withdrawal in 70.8% and
74% of the cases is clinically relevant. In the PURSUITmaintenance study, corticosteroid-free remission at
54 wk among those who received corticosteroids at
baseline was statistically non-significant among the
groups (PURSUIT2).
An unpublished real-life experience, retrospective
Spanish study, which included 142 patients, recently
presented its results at a congress. They observed
that, after a median follow-up of 10 mo, 67 patients
(47%) maintained clinical response, and, of these, 49
[17]
(35%) were in corticosteroid-free remission , with
a long-term partial loss of response, which is similar
[18,19]
to other anti-TNF
. Therefore, the current limited
published data (Castro-Laria’s retrospective and our
prospective study) point to a very good initial response
to golimumab, which enables steroid withdrawal;
preliminary unpublished data show a decrease in the
steroid-free percentage of patients over time.
The patients included in our study had a mean age
of 42, with extensive moderate-severe colitis (70%)
and were steroid-dependent. Seventy-three percent
of the patients had previously received anti-TNF drugs
(67% of these had previously been on both infliximab
and adalimumab when they were included), which is
logical because this is real-life practice and patients had
received the anti-TNFs that were available until then.
The most frequent reason to change to golimumab
was loss of response (58%) to the previous anti-TNF,
although a not inconsiderable 25% (6 of the 24 who
had previously received anti-TNF) were directly primary
non-responders to previous anti-TNF drugs. This would
lead us to predict an insufficient response with the
new anti-TNF (golimumab) in some patients and a
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delayed loss of response in others. However, 69.7%
of the patients had clinical response (a decrease from
baseline in the partial Mayo score of at least 3 points)
and were able to cease steroids, and 51.5% of these
reached clinical remission at wk 14. These percentages
were lower when taking into account the PGA (55%
of clinical response and 24% of clinical remission).
Steroid-sparing in previously corticosteroid-dependent
patients was especially striking (70.8%), when followup ended. These patients will be followed to determine
if they lose response, as with other anti-TNF, but at
least golimumab was able to win back an important
number of our patients, including many of the primary
non-responders.
Although dosage intensification worked for some
patients (7 of the 9 that received higher or more
frequent dosages), 3 of the 10 which did not respond
ended up in colectomy 3 mo after the first golimumab
[15]
injection. According to Detrez et al
the response to
golimumab treatment is related to serum golimumab
concentrations and shows a large variation between
patients. Serum golimumab levels could be of use at
induction (wk 6), in patients with insufficient response
who might need higher doses of golimumab, in
order to avoid changes to other medical or surgical
treatments.
As would be expected, anti-TNF treatment naïve
patients had more possibilities than non-naïve patients
of achieving clinical remission, as well as patients
with short-duration disease, and not being steroid
dependent. This was not observed in the Castro-Laria
[16]
et al
study, probably because of the small sample
[20]
size, nor in a Canadian study presented as abstract .
[20]
Bressler et al
presented in the form of an abstract
the preliminary results of a nationwide study in Canada
that included 136 UC patients treated with golimumab,
72.1% of which were anti-TNF treatment naïve, which
might explain why they did not find differences. In
[17]
accordance with our results, Taxonera et al
had a
sample that included 80% of anti-TNF experienced
patients; they observed significantly lower clinical
response and remission rates in anti-TNF experienced
patients when compared to naïve.
The reduction of fecal calprotectin with golimumab
treatment that we observed is encouraging but the
finding should be taken with caution because of the
few centers that had the determination available. It
should be contrasted with future studies which include
a larger number of patients and samples to see what
factors are related with calprotectin normalization,
which is known to go hand in hand with mucosal
healing. This is also the case for the CRP; that the
reduction did not reach significance may be because of
the small sample size in each CRP group.
The endoscopic images of a patient who res
ponded to treatment are shown below (Figure 1).
Improvement was outstanding; the mucosa went from
a Mayo score of 3 to 0 (normal macroscopic mucosa).
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Since the study was based on daily practice, many
patients did not have a control endoscopy, and many
of the ones that did have it, did not have pictures
taken. Although changes were sometimes quite
remarkable, they were not taken into account when
analyzing the results because endoscopic improvement
was not part of the objectives and, therefore, the data
was not prospectively included in all cases.
Adverse drug events were limited and mild in our
cohort of patients. Golimumab seemed quite safe
and was only related to the appearance of two urine
infections and one case of nausea. This is in line with
[21]
what has been reported by others in abstract form .
This study, to our knowledge, is one of the first
real-life experience prospective studies with goli
mumab to be published. Although the results have
to be taken with caution because, to-date, there are
only two prospective and one retrospective studies
[15]
[16]
published (Detrez et al ’s, Castro-Laria et al ’s and
ours) and they all include small sample sizes (23, 21
and 33, respectively), the studies do offer promising
results because they confirm the efficacy of this new
anti-TNF in real-life practice. In our study, golimumab
allows steroid-sparing in a high number of steroiddependent patients. It is associated to good clinical
response in the first 14 wk. It may even be more
effective in anti-TNF treatment naïve patients, although
it is also a compelling treatment for experienced antiTNF patients. More studies should be performed and
will hopefully be published soon to confirm these
conclusions.
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Abstract
AIM
To investigate the relationship between plasma ghrelin
level, Helicobacter pylori (H. pylori ) infection status and
the severity of atrophy in hemodialysis patients.
METHODS
One hundred eights patients who received hemodialysis
and 13 non-hemodialysis H. pylori -negative controls
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underwent gastroduodenoscopy to evaluate the
severity of gastric atrophy. Serum levels of pepsinogen
(PG) were measured as serum markers of gastric
atrophy. H. pylori infection was evaluated by anti-H.
pylori IgG antibody, rapid urease test and culture test.
We classified H. pylori infection status as non-infection,
present infection and past infection. In addition, plasma
acyl-ghrelin and desacyl-ghrelin levels were measured
by enzyme-linked immunosorbent assay.
RESULTS
Infection rate of H. pylori was 45.4% (49/108). Acylghrelin level in the non-infection group (39.4 ± 23.0
fmol/ml) was significantly higher than in the past (23.4
± 19.9 fmol/ml, p = 0.005) and present infection
groups (19.5 ± 14.0 fmol/ml, p < 0.001). Furthermore,
desacyl-ghrelin level in the non-infection group (353.2
± 190.2 fmol/ml) was significantly higher than those
in the past (234.9 ± 137.5 fmol/ml, p = 0.008) and
present infection groups (211.8 ± 124.2 fmol/ml, p
< 0.001). Acyl-ghrelin was positively correlated with
the PG Ⅰ level and PG Ⅰ/Ⅱ ratio (|R| = 0.484, p <
0.001 and |R| = 0.403, p < 0.001, respectively). Both
ghrelins were significantly decreased in accordance with
the progress of endoscopic atrophy (both p < 0.001)
and acyl-ghrelin was significantly lower in patients with
mild, moderate and severe atrophy (24.5 ± 23.1 fmol/
ml, 20.2 ± 14.9 fmol/ml and 18.3 ± 11.8 fmol/ml)
than in those with non-atrophy (39.4 ± 22.2 fmol/ml,
p = 0.039, p = 0.002 and p < 0.001, respectively).
CONCLUSION
In hemodialysis patients, plasma ghrelin level was
associated with the endoscopic and serological severity
of atrophy related to H. pylori infection.
Key words: acyl-ghrelin; desacyl-ghrelin; Helicobacter

pylori ; hemodialysis; pepsinogen

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ghrelin enhances the orexigenic effect, protein
anabolism, anti-inflammatory actions and cardiovascular
protection in hemodialysis patients. Helicobacter pylori
(H. pylori ) infection and gastric mucosal atrophy affect
ghrelin level in subjects with normal renal function.
However, it is unclear whether ghrelin in hemodialysis
patients relates to H. pylori status or gastric mucosal
atrophy. This study demonstrated that plasma ghrelin
level was associated with endoscopic and serological
severity of atrophy related with H. pylori infection in
hemodalysis patients. Therefore, eradication therapy
of H. pylori before the progression of atrophy might
improve ghrelin level associated with nutrition status,
such as protein-energy wasting.
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INTRODUCTION
The number of end-stage kidney disease patients
receiving hemodialysis is more than 1.1 million world
wide, and the size of this population is expanding at
a rate of 7% per year with the progress in medical
[1]
and hemodialysis machine technique . Hemodialysis
patients often suffer from gastrointestinal conditions
such as bleeding, peptic ulcer, gastric cancer and
other severe abdominal symptoms during their long
treatment period. Helicobacter pylori (H. pylori)
infection causes atrophic gastritis, peptic ulcer and
[2-5]
gastric cancer
, and is thought to be one of the
major risk factors for gastrointestinal morbidity in
hemodialysis patients. However, a recent report
noted that the prevalence of H. pylori infection in
hemodialysis patients was significantly lower than in
[6]
subjects with normal renal function . It is therefore
necessary to investigate whether the actual condition
of gastroduodenal diseases in hemodialysis patients
relates to H. pylori infection.
Hemodialysis patients have many risk factors that
affect mortality, such as traditional cardiovascular
risk factors, chronic inflammation and nutritional
[7]
disturbance . Among these risk factors, the state
of metabolic and nutritional derangement, called
protein-energy wasting (PEW), has a major impact on
[8,9]
mortality in these patients . PEW is defined as a state
of decreased body stores of protein and energy fuels
(body protein and fat masses) and is diagnosed if three
features are present: (1) abnormal nutrition markers
(i.e., low serum levels of albumin, transthyretin or
cholesterol); (2) reduced body mass (i.e., low or
reduced body or fat mass or weight loss with reduced
intake of protein and energy); and (3) reduced muscle
mass (i.e., muscle wasting or sarcopenia, and reduced
[10]
mid-arm muscle circumference) . Recently, it was
suggested that ghrelin, an orexigenic peptide released
primarily from endocrine cells in the stomach, is
important in the pathogenesis of PEW in hemodialysis
[7,11,12]
patients
. Ghrelin has multiple favorable func
tions including enhancement of orexigenic effect,
protein anabolism, anti-inflammatory actions, and
[11,13,14]
cardiovascular protection
. In general, plasma
ghrelin level increases after fasting and decreases after
eating and plasma ghrelin level was found to associate
with nutritional disorder in patients with advanced[14]
stage cancer and anorexia nervosa . A low ghrelin
level increases the risk of cardiovascular mortality and
[15]
morbidity in hemodialysis patients , and in recent
clinical trials, administration of ghrelin improved
[16,17]
appetite and food intake in dialysis patients
.
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The usefulness of monitoring plasma ghrelin at fixed
intervals as a biomarker for mortality in hemodialysis
[7]
patients has been proven . Therefore, we think that it
is important to know what factors could influence the
ghrelin level in dialysis patients.
H. pylori-positive patients have low levels of gastric
mucosal and/or plasma ghrelin and a small number
[18]
of ghrelin-positive cells in the gastric mucosa .
Although, in subjects with normal renal function, the
relationship between plasma ghrelin level and the
[18]
severity of gastric mucosal atrophy is observed ,
the association between ghrelin level and H. pylori
infection and between ghrelin level and severity of
gastric mucosal atrophy in hemodialysis patients is
unknown.
Clarifying the factors associated with PEW in
hemodialysis patients is important in improving
prognosis. We therefore investigated the relationship
among plasma ghrelin level, H. pylori status and
endoscopic and serological gastric mucosal atrophy in
hemodialysis patients.

MATERIALS AND METHODS
Approval for the study protocol was given in advance
by the Institutional Review Board of Hamamatsu
University School of Medicine (Number: 23-185) and
written informed consent was obtained from patients
enrolled in this study. The registration number of this
clinical research is UMIN 000023336.

Subjects

One hundred eight patients receiving maintenance
hemodialysis at 8 Dialysis center in Shizuoka, Japan
(Sanaru Sun-Clinic, Sano Clinic, Yamashita Clinic,
Tadokoro Clinic, Hiryu Clinic, Sanarudai Asahi-Clinic,
Satsuki no Mori Clinic and Hamana clinic), who had
received regular hemodialysis for 4 h three times per
week and 13 non-hemodialysis H. pylori-negative control
subjects (eGFR > 50) in Hamamatsu University Hospital
were enrolled in this study. After written informed
consent was obtained, all hemodialysis patients and
control subjects underwent gastroduodenoscopy and
blood samples were taken for measurement of plasma
ghrelin level on a non-dialysis day. Of 108 hemodialysis
patients, 78 patients who received regular hemodialysis
at Hamana clinic (Hamamatsu, Japan) was used in
previous report which investigated associations with
plasma grhrelin level and gastric mucosal atoprophy as
[19]
single center study . In this study, because previous
our study could not show significant association with
grhrelin level and present H. pylori infection (present
infection and present non-infection including of noninfection and past infection), we focused in associations
with plasma grhrelin level and infection status of
H. pylori (non-infection, past infection and present
infection) and we did as multicenter trial.
Exclusion criteria were a history of H. pylori era
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Table 1 The criteria of the classification of Helicobacter pylori
infection
(1) Anti-H. pylori IgG
(2) RUT
(3) Culture test
Present
infection
Past
infection
Noninfection

Endoscopic
gastric mucosal
atrophy

Positive at least one detection systems
Negative with all of three detection
systems
Negative with all of three detection
systems

Positive for
atrophy
No atrophy

H. pylori: Helicobacter pylori; RUT: Rapid urease test.

dication, history of gastrectomy, significant clinical
illness (e.g., cancer) and lack of informed consent.

Assay of plasma ghrelin levels

Blood samples were taken from all patients while
fasting on the morning of a non-dialysis day. Samples
were collected in an aprotinin/EDTA-containing tube
and immediately centrifuged at 1500 × g for 15 min
at 4 ℃. The resultant plasma was agitated with the
addition of 1 mol/l hydrochloric acid equal to onetenth of the plasma volume and stored at -80 ℃ until
assay. We used a two-site sandwich enzyme-linked
immunosorbent assay specific for acyl ghrelin and desacyl ghrelin (Active Ghrelin ELISA Kit and Des-acyl
Ghrelin ELISA Kit, SCETI, Tokyo, Japan).

Diagnosis of H. pylori infection and assessment of
gastric mucosal atrophy

The diagnosis of H. pylori infection was achieved with
an anti-H. pylori IgG serological test (E plate Eiken
®
H. pylori antibody ; Eiken Chemical Co. Ltd., Tochigi,
®
Japan), a rapid urease test (RUT) (Helicocheck ;
Otsuka Co., Tokyo, Japan) and culture test (E-MR82;
Eiken Chemical Co, Ltd., Tochigi, Japan). When po
sitive results were observed with at least one of the
detection systems, we diagnosed as positive for H.
pylori. We classified H. pylori infection status into
three groups: present infection (positive results were
observed with at least one of the detection systems),
past infection (negative with all three detection
systems and positive for endoscopic gastric mucosal
atrophy) and non-infection (negative with all three
detection systems and no endoscopic gastric mucosal
atrophy) (Table 1). Past infection group had not been
received previously H. pylori eradication therapy with
proton pump inhibitor and two kinds of antimicrobial
agents. Hemodialysis patients in this group were
considered to be naturally eradicated H. pylori infection
without receiving eradication therapy.
Endoscopic diagnosis of gastric mucosal atrophy
was shown significant correlations with morphological
[20,21]
and histological diagnosis
. In addition, because
30% of hemodialysis patients enrolled in this study
were taking anti-coagulant agents, we diagnosed
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Table 2 Characteristics of patients who received hemodialysis
Age (yr)
Male/female (n/n)
Duration of hemodialysis (yr)
Body weight (kg)
Body mass index (kg/m2)
Albumin (g/dL)
Total cholesterol (mg/dL)
Cholinesterase (U/L)
Infection of H. pylori: non/past/present
Acyl-ghrelin (fmol/mL)
Desacyl-ghrelin (fmol/mL)
Pepsinogen Ⅰ (ng/mL)
Pepsinogen Ⅱ (ng/mL)
Pepsinogen Ⅰ/Ⅱ ratio

68.8 ± 11.2
68/40
8.7 ± 8.6
51.4 ± 11.4
20.2 ± 3.5
3.4 ± 0.4
159.5 ± 36.4
230.3 ± 87.2
29/30/49
25.9 ± 19.8
256.2 ± 158.4
349.9 ± 294.5
43.5 ± 32.3
8.3 ± 4.7

Values are presented as mean ± standard deviation. Non, negative with all
three detection systems (anti-H. pylori IgG serological test, rapid urease test
and culture test) and endoscopic gastric mucosal atrophy; past, negative
with all detection systems for H. pylori and positive for endoscopic gastric
mucosal atrophy; present, positive results were observed with at least one
of the detection systems. H. pylori: Helicobacter pylori.

gastric mucosal atrophic by endoscopic findings, not
pathological evaluation using gastric biopsy specimens,
to prevent hemorrhage events. The endoscopic gastric
mucosal atrophic pattern was evaluated according to
the Kimura-Takemoto classification and expressed in
six grades: Close (C)-Ⅰ, C-Ⅱ, C-Ⅲ, Open (O)-Ⅰ, O[22]
Ⅱ and O-Ⅲ . We categorized the severity of gastric
mucosal atrophy into four groups as follows: nonatrophy; mild, C-Ⅰ and C-Ⅱ; moderate, C-Ⅲ and OⅠ; severe, O-Ⅱ and O-Ⅲ.

Assay of serum pepsinogen levels

Serum levels of PG Ⅰ and PG Ⅱ were measured using
®
a commercially available kit (Pepsinogen CLEIA ;
Fuji Rebio. Ltd, Tokyo, Japan) by chemiluminescence
enzyme immunoassay (EIA), and PG Ⅰ/PG Ⅱ ratio
was calculated as a serological marker of gastric
[23]
mucosal atrophy .

Statistical analysis

Normally numerical values were expressed as mean
± standard deviation (SD). Statistical differences in
plasma ghrelin levels and serum pepsinogen levels
among subgroups were assessed using one-way
ANOVA (analysis of variance) with Scheffe’s multiple
comparison test. Continuous variables were compared
using t-test or Mann-Whitney U-test and categorical
2
variables were compared using the χ test. All P-values
were two-sided. P < 0.05 was considered statistically
significant. Calculations were carried out using
StatView 5.0 statistical software (SAS Institute, Cary,
NC, United States).

RESULTS
Patient characteristics

The mean age of hemodialysis patients was 68.8 ±
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11.2 years and the mean duration of hemodialysis was
8.7 ± 8.6 years (Table 2). The causes of end-stage
renal disease in patients receiving hemodialysis were
chronic glomerulonephritis (52/108, 48.1%), diabetic
nephropathy (29/108, 26.9%), nephrosclerosis (7/108,
6.5%), and others (20/108, 18.5%).
Among the 108 hemodialysis patients, 49 (45.4%)
had current H. pylori infection (present infection group)
(Table 2) while 30 (27.8%) were in the past infection
group, irrespective of eradication history (Table 2).
Seventy-six patients (70.4%) had endoscopic gastric
mucosal atrophy (46 patients in the present infection
group and 30 patients in the past infection group).
Although plasma ghrelin levels affected by body
weights, sex and BMI, there were no significant
differences in these parameters among three different
groups related with H. pylori infection (non-infection,
past infection and present infection groups) and
among different groups of severity of gastric mucosal
atrophy (Tables 3 and 4). Total cholesterol and
cholinesterase in the H. pylori present infection group
or the severe gastric mucosal atrophy group were
lower than those in the H. pylori non-infection group
or the non-atrophy group, but not significant (Tables 3
and 4).

Relationship between H. pylori status and plasma
ghrelin level in hemodialysis patients

Mean plasma acyl- and desacyl-ghrelin levels of the
108 patients were 25.9 ± 19.8 fmol/ml and 256.2 ±
158.4 fmol/ml, respectively (Table 2). Acyl-ghrelin
level in the non-infection group (39.4 ± 23.0 fmol/ml)
was significantly higher than in the past (23.4 ± 19.9
fmol/ml, p = 0.005) and present infection groups (19.5
± 14.0 fmol/ml, p < 0.001) (Figure 1A and Table 3).
Furthermore, desacyl-ghrelin level in the non-infection
group (353.2 ± 190.2 fmol/ml) was significantly
higher than those in the past (234.9 ± 137.5 fmol/ml,
p = 0.008) and present infection groups (211.8 ±
124.2 fmol/ml, p < 0.001) (Figure 1B and Table 3).
However, there were no significant differences in acylor desacyl-ghrelin levels between the present and past
infection groups (Figure 1A and B).
The acyl- or desacyl-ghrelin levels in the noninfection group of hemodialysis patients were sig
nificantly higher than those in H. pylori infectionnegative non-hemodialysis control subjects (p = 0.010
and 0.004, respectively) (Figure 1A and B).

Relationship between endoscopic gastric mucosal
atrophy and plasma ghrelin level

Acyl-ghrelin and desacyl-ghrelin levels were signi
ficantly decreased in accordance with the progress of
endoscopic gastric mucosal atrophy (both p < 0.001)
(Table 4). Acyl-ghrelin levels were significantly lower
in patients with mild (C-Ⅰ and C-Ⅱ), moderate (CⅢ and O-Ⅰ ) and severe atrophy (O-Ⅱ and O-Ⅲ )
(24.5 ± 23.1 fmol/ml, 20.2 ± 14.9 fmol/ml and
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Table 3 Relationship between Helicobacter pylori status and plasma ghrelin level
H. pylori status
Number
Male/female (n/n)
Age (yr)
Body weight (kg)
BMI (kg/m2)
Albumin (g/dL)
Total cholesterol (mg/dL)
Cholinesterase (U/L)
Acyl-ghrelin (fmol/mL)
Desacyl-ghrelin (fmol/mL)
Pepsinogen Ⅰ (ng/mL)
Pepsinogen Ⅱ (ng/mL)
Pepsinogen Ⅰ/Ⅱ

Non-infection

Past infection

29
19/10
67.9 ± 10.7
51.2 ± 12.1
19.9 ± 3.4
3.5 ± 0.3
167.5 ± 36.1
247.0 ± 109.3
39.4 ± 23.0
353.2 ± 190.2
551.8 ± 319.2
46.4 ± 24.5
12.2 ± 4.5

30
22/8
71.7 ± 11.3
49.0 ± 8.3
19.3 ± 2.3
3.5 ± 0.4
149.5 ± 29.0
228.5 ± 64.3
23.4 ± 19.9a
234.9 ± 137.5a
286.5 ± 268.2a
28.5 ± 17.4a
9.3 ± 4.1a

P value

Present infection
49
27/22
67.6 ± 11.3
51.9 ± 12.4
21.0 ± 4.0
3.3 ± 0.4
161.5 ± 44.2
207.5 ± 75.3
19.5 ± 14.0a
211.8 ± 124.2a
269.3 ± 238.0a
51.0 ± 39.9
5.3 ± 2.9a

0.275
0.119
0.468
0.160
0.156
0.175
0.310
< 0.001
0.001
< 0.001
0.002
< 0.001

a

P < 0.05 vs the non-infection group. Values are presented as mean ± SD. BMI: Body mass index; H. pylori: Helicobacter pylori.

Table 4 Relationship between endoscopic gastric mucosal atrophy and plasma ghrelin level
Mucosal atrophy

Non-atrophy

Mild atrophy

32
19/13
67.5 ± 11.8
50.7 ± 12.0
19.9 ± 3.4
3.5 ± 0.3
166.4 ± 34.8
246.0 ± 104.3
39.4 ± 22.2
345.7 ± 183.7
525.9 ± 316.6
45.9 ± 23.8
11.6 ± 4.7

15
10/5
64.5 ± 12.3
53.6 ± 10.5
20.3 ± 2.8
3.5 ± 0.3
159.9 ± 34.9
250.5 ± 77.7
24.5 ± 23.1a
276.1 ± 169.4
461.9 ± 330.3
49.3 ± 32.0
10.0 ± 4.6

Number
Male/female (n/n)
Age (yr)
Body weight (kg)
BMI (kg/m2)
Albumin (g/dL)
Total cholesterol (mg/dL)
Cholinesterase (U/L)
Acyl-ghrelin (fmol/mL)
Desacyl-ghrelin (fmol/mL)
Pepsinogen Ⅰ (ng/mL)
Pepsinogen Ⅱ (ng/mL)
Pepsinogen Ⅰ/Ⅱ

Moderate atrophy
29
19/10
71.9 ± 10.9
50.6 ± 11.4
20.1 ± 3.6
3.3 ± 0.4
153.6 ± 37.5
201.9 ± 59.3
20.2 ± 14.9a
212.6 ± 129.4a
284.2 ± 207.3a
45.8 ± 40.8
6.9 ± 3.4a

Severe atrophy

P value

32
20/12
69.3 ± 10.0
51.5 ± 11.4
20.6 ± 3.9
3.4 ± 0.5
151.4 ± 40.4
218.6 ± 77.6
18.3 ± 11.8a
196.8 ± 104.4a
181.0 ± 198.8a
36.3 ± 31.6
5.3 ± 3.3a

0.969
0.293
0.708
0.896
0.351
0.510
0.283
< 0.001
< 0.001
< 0.001
0.120
< 0.001

a

P < 0.05 vs the non-atrophy group. Values are presented as mean ± SD. BMI: Body mass index.

B

P < 0.001
70

P = 0.010

P = 0.005

P = 0.295

60
50
40
30
20
10
0

Noninfection
n = 13
Non hemodialysis

Noninfection
n = 29

Past
infection
n = 30
Hemodialysis

Present
infection
n = 49

Plasma desacyl-ghrelin level (fmol/mL)

Plasma acyl-ghrelin level (fmol/mL)

A

P < 0.001
P = 0.004

600

P = 0.008

P = 0.442

500
400
300
200
100
0

Noninfection
n = 13
Non hemodialysis

Noninfection
n = 29

Past
infection
n = 30

Present
infection
n = 49

Hemodialysis

Figure 1 Plasma acyl-ghrelin (A) and desacyl-ghrelin (B) levels according to Helicobacter pylori status in hemodialysis patients (n = 108) and nonhemodialysis patients with non-Helicobacter pylori infection (n = 13). Acyl-ghrelin and desacyl-ghrelin levels in the non-infection group were significantly higher
than those in the present and past infection groups in hemodyalysis patients. Both levels in the non-infection group of hemodialysis patients were significantly higher
than those in the non-hemodialysis control group.
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B

P < 0.001

P < 0.001

P = 0.227

P = 0.055

70

P = 0.002

P = 0.457

P = 0.581
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0

Nonatrophy
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Figure 2 Plasma acyl-ghrelin (A) and desacyl-ghrelin (B) levels between hemodialysis patients with different severities of gastric mucosal atrophy. Acylghrelin and desacyl-ghrelin levels were decreased in accordance with the progress of endoscopic gastric mucosal atrophy.

18.3 ± 11.8 fmol/ml) than in those with non-atrophy
(39.4 ± 22.2 fmol/ml, p = 0.039, p = 0.002 and p <
0.001, respectively) but not in those with mild atrophy
(Figure 2A and Table 4). Furthermore, desacyl-ghrelin
levels were also significantly lower in patients with
moderate and severe atrophy (212.6 ± 129.4 fmol/ml
and 196.8 ± 104.4 fmol/ml) than in those with nonatrophy (345.7 ± 183.7 fmol/ml, p = 0.002 and p <
0.001, respectively) (Figure 2B and Table 4).

Serum pepsinogen levels in hemodialysis patients and
association with pepsinogen and plasma ghrelin levels

Serum PGⅠ, PG Ⅱ levels and PGⅠ/Ⅱ ratio were 349.9
± 294.5 ng/ml, 43.5 ± 32.3 ng/ml and 8.3 ± 4.7,
respectively (Table 2). These values were higher than
those generally reported in subjects with normal renal
[24-27]
function
. Serum PGⅠlevel and PGⅠ/Ⅱ ratio were
significantly decreased in accordance with the progress
of endoscopic atrophy (both p < 0.001) (Table 4).
The acyl-ghrelin level was positively correlated with
serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio (|R| = 0.484, p
< 0.001 and |R| = 0.403, p < 0.001, respectively).
In addition, desacyl-ghrelin level was also positively
correlated with serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio
(|R| = 0.538, p < 0.001 and |R| = 0.426, p < 0.001,
respectively).
Serum PGⅠlevel in the non-infection group (551.8
± 319.2 ng/ml) was significantly higher than those
in the past (286.5 ± 268.2 ng/ml, p = 0.001) and
present infection groups (269.3 ± 238.0 ng/ml, p <
0.001) (Table 3). Furthermore, PGⅠ/Ⅱ ratio in the noninfection group (12.2 ± 4.5) was significantly higher in
the past (9.3 ± 4.1, p = 0.014) and present infection
groups (5.3 ± 2.9, p < 0.001) (Table 3).

DISCUSSION
In this study, we showed that plasma acyl and des-
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acyl ghrelin levels were significantly associated with
the endoscopic and serological severity of gastric
mucosal atrophy in patients who were hemodialyzed,
and that both ghrelin levels graduately decreased
according to the advanced endoscopic and serological
severity of atrophy. In general, although H. pylori
infection down-regulated plasma and gastric ghrelin
[28-30]
levels in subjects with normal renal function
, these
results also demonstrate the possibility that not only
long-standing enhanced gastric mucosal inflammation
induced by H. pylori infection but also gastric mucosal
atrophy influenced plasma and gastric mucosal acyl[18]
and desacyl-ghrelin levels . In fact, in subjects with
normal renal function, plasma ghrelin level was lower
in H. pylori-positive patients with severe mucosal
[18]
atrophy than in those without . Here, our observation
might suggest that the interaction with plasma ghrelin
levels, gastric mucosal atrophy and H. pylori infection
in patients who were hemodialyzed was similar to
that in subjects with normal renal function. From the
observation that improvement of PEW in hemodialysis
patients was important for improving prognosis,
measures for H. pylori infection in hemodialysis
patients will be required not only for prevention of
gastric cancer but also for improvement of nutritional
disturbance and prognosis.

Association with H. pylori infection, gastric atrophy and
ghrelin levels

Although ghrelin is released from tissues including the
small and large intestines, lung, kidney, the nucleus
of the hypothalamus and A cells of the pancreatic
islet, ghrelin-producing endocrine cells had been
[11]
found mainly in the oxyntic mucosa of the stomach .
Ghrelin plays central and peripheral biological roles in
food intake, gastric motility and acid secretion, and
major factors that influenced plasma ghrelin levels
were sex, body weight, hormonal parameter and H.
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[28-30]

pylori infection in the gastric mucosa
. Of these, H.
pylori infection inhibited ghrelin production from gastric
endocrine cells, leading to lower plasma and gastric
[18,31,32]
mucosal ghrelin levels
. Moreover, expression
of gastric ghrelin mRNA significantly increased after
either peptic ulcer healing or H. pylori eradication
[33]
[18]
therapy . Recently, Osawa et al
reported that
lower PG Ⅰ levels and PG Ⅰ/Ⅱ ratio which denoted
advanced gastric mucosal atrophy were significantly
associated with lower plasma ghrelin levels in current
H. pylori-positive patients with normal renal function.
In this study, we divided hemodialysis patients into
non-, past, and present H. pylori-infection groups.
Previously, we did the follow-up survey of H. pylori
[6]
infection in hemodialysis patients . When the natural
history of H. pylori infection was investigated using
more than 300 patients for a 4 year-follow up survey,
although nobody received eradication therapy, the
prevalence of H. pylori infection was reported to
be 51.6% at first year, 42.9% two years later, and
38.3% four years later, indicating that the infection
rate gradually decreased during dialysis treatment.
In other words, 26.7% of dialysis patients naturally
cured H. pylori infection over four years. Therefore,
H. pylori infection might be actually eradicated after
beginning hemodialysis treatment. We used “past H.
pylori-infection” group as patients group who had been
naturally cured H. pylori infection without receiving
eradication therapy. The acyl-ghrelin level in the noninfection group was significantly higher than that in
the present infection group, as reported in previous
[18,29]
studies in subjects with normal renal function
. In
addition, we saw no significant differences in acyl- and
desacyl-ghrelin level between the present and past
infection groups and both ghrelin levels in the past
infection group were significantly lower than those
in the non-infection group, whereas there was no
current H. pylori infection in the past infection group.
In this study, most hemodialysis patients in the past
infection group had advanced gastric mucosal atrophy
(i.e., severe atrophy, 36.7% and moderate atrophy,
33.3%, respectively). Importantly, this observation
suggested that the determination of plasma ghrerin
level was influenced more by the severity of gastric
mucosal atrophy than current H. pyori infection
in hemodialysis patients. In fact, plasma ghrelin
levels and gastric ghrelin mRNA levels depended on
the number of ghrelin immunoreactive cells in the
[18,28,34]
gastric mucosa
. Chronic persistent damage
to the gastric mucosa by H. pylori infection might
affect ghrelin production, leading to changes in food
intake and body weight. Because ghrelin level was
associated with mortality related to cardiovascular
disease and PEW in hemodialysis patients, alternative
management, such as H. pylori eradication therapy,
before the progression of gastric mucosal atrophy
might be necessary to prevent the decrease of ghrelin
[12,15]
level in hemodialysis patients
.
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Pepsinogen level in hemodialysis patients

PG Ⅰ and Ⅱ used to be considered promising bio
markers for predicting the status of gastric mucosa,
such as the severity of gastric mucosal atrophy and
[35,36]
the risk of gastric cancer development
. In Japan,
recently, the combination of serum PG level and H.
pylori-IgG level had been used mainly at health checkups as useful markers for gastric cancer screening,
[37]
namely, the ABC method . However, because the
[38]
kidney was the key organ for eliminating serum PGs ,
serum PG levels were elevated in chronic kidney
disease (CKD) patients including those who received
hemodialysis compared with control subjects with
[27,39,40]
[40]
normal renal function
. Araki et al
reported
that serum PG Ⅰ and PG Ⅱ levels and PG Ⅰ/Ⅱ ratio
measured by radioimmunoassay (RIA), which strong
correlation was proved between assays of EIA and
[41-43]
RIA
, in H. pylori-negative subjects with normal
renal function were 50.7 ± 28.7 ng/ml, 10.2 ± 6.1
ng/ml and 5.5 ± 2.4, respectively, while in this study,
those parameters were 551.8 ± 319.2 ng/ml, 46.4 ±
24.5 ng/ml and 12.2 ± 4.5 in the non-infection group
and 268.3 ± 238.0 ng/ml, 51.0 ± 39.9 ng/mL and
5.3 ± 2.9 in the present infection group, respectively.
Therefore, it was considered difficult to use serum
PG as a promising biomarker of gastric atrophy and
gastric cancer in hemodialysis patients using the same
standard for subjects with normal renal function.
In this study, the serum PG Ⅰ level and PG Ⅰ/Ⅱ
ratio in the non-infection group were significantly
higher than those in the past and present infection
groups. In addition, the serological severity of
gastric mucosal atrophy evaluated by PG levels had
a significant positive correlation with endoscopic
evaluations. Therefore, serum PG may be a biomarker
for gastric mucosal atrophy and represent the new
standard for hemodialysis patients. In addition,
because there was a significant positive correlation
between PG and ghrelin levels even in hemodialysis
patients, the serum PG level and PG Ⅰ/Ⅱ ratio might
be useful determinations not only for gastric mucosal
atrophy related to gastric cancer development but
also nutrition status. However, in this study, because
the serum PG levels of each subject showed a wide
distribution and the sample number was small, we
could not determine the standard PG value to evaluate
the severity of gastric mucosal atrophy in hemodialysis
patients. Thus, further large-scale studies are needed
to verify whether the serum PG level can become the
parameter of serological severity of gastric mucosal
atrophy and nutrition status in hemodialysis patients.

Limitation

Our study had several limitations, as follows. First,
our study had a relatively small sample size. Second,
we were unable to evaluate the control subjects with
normal renal function. We therefore compared the data
of control subjects with normal renal function in the
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previous reports. Third, we could not evaluate whether
H. pylori eradication therapy affected plasma ghrelin
levels because we did not have data on plasma ghrelin
levels before and after eradication therapy in the same
subject.
In conclusion, We investigated the relationships
among plasma ghrelin level, H. pylori status and
endoscopic and serological gastric mucosal atrophy
in hemodialysis patients. Acyl and des-acyl ghrelin
levels decreased significantly with the progress of
gastric mucosal atrophy caused by H. pylori infection
for long-term periods. Importantly. the status of
gastric mucosal atrophy was the major determinant
of plasma ghrelin level. Because ghrelin influences the
pathogenesis of PEW, inflammation and cardiovascular
risk in CKD patients, leading to a poor outcome in
hemodialysis patients, it is necessary to clarify the
factors which affect the ghrelin level and to consider
countermeasures to improve the ghrelin level. To
increase ghrelin secretion in hemodialysis patients,
improvement of gastric mucosal status may be the
most important approach. Eradication therapy before
the progression of gastric mucosal atrophy might be
necessary to prevent the decrease of ghrelin level in
hemodialysis patients.
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and food intake in hemodialysis patients, finally improves nutrition status in
hemodialysis patients. Therefore, clarifying the factors associated with plasma
and gastric mucosal ghrelin levels affected to PEW in hemodialysis patients is
important in improving their prognosis.

Innovations and breakthroughs

Acyl and des-acyl ghrelin levels in hemodialysis patients decreased significantly
with the progress of gastric mucosal atrophy caused by H. pylori infection for
long-term periods. Importantly, the status of gastric mucosal atrophy was the
major determinant of plasma ghrelin level.

Applications

These data suggested that eradication therapy of H. pylori before the
progression of gastric mucosal atrophy might be required to prevent the
decrease of ghrelin level in hemodialysis patients. In addition, eradication
therapy before the progression of atrophy would be expected to improve
mortality in hemodialysis patients by improving nutrition status, such as PEW,
as well as to prevent increased risk fo gastric carcinogenesis. However,
because this study is preliminary, The authors think that it will be better to clarify
the relationship between plasma and gastric mucosal ghrelin levels and PEW
markers by enrolling many hemodialysis patients in multicenter study and the
long-term observation study.

Terminology

Ghrelin is mainly released from the oxyntic mucosa of the stomach and has
multiple favorable functions. PEW is defined as a state of decreased body
stores of protein and energy fuels and is diagnosed if three features are
present: abnormal nutrition markers; reduced body mass; and reduced muscle
mass. Pepsinogen (PG) Ⅰ and Ⅱ, the two main precursors of pepsin, are
both produced by chief cells and mucous neck cells of the stomach. PG Ⅱ
is also produced by pyloric gland cells. PG Ⅰ and Ⅱ used to be considered
biomarkers for predicting the status of gastric mucosa.

Peer-review

This clinical study considers the investigation of the plasma ghrelin level in
hemodialysis patients and it association with gastric mucosal atrophy and
H. pylori status. The main finding of this study was that the status of gastric
mucosal atrophy was the major determinant of plasma gherlin level. The
authors investigated 108 patients who received hemodialysis. The plasma
gherlin level was evaluated using ELISA. The results are presented and
discussed sufficiently well; the 2 figures and 3 tables give good overview about
the results and are presented correctly.
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Abstract
AIM
To estimate annual direct and indirect costs for patients
diagnosed with irritable bowel syndrome (IBS) and
subtypes.
METHODS
Patients completed a standardized questionnaire
concerning usage of healthcare resources, travel costs,
meals, and productivity loss of patients when seeking
treatment for IBS. Total annual costs per patient were
calculated as the sum of direct (including medical and
nonmedical) and indirect costs. Total annual costs per
patient among various IBS subtypes were compared.
Analysis of variance and bootstrapped independent
sample t -tests were performed to determine dif
ferences between groups after controlling for IBS
subtypes.
RESULTS
A total of 105 IBS patients (64.80% female), mean age
of 57.12 years ± 10.31 years), mean disease duration
of 4.31 years ± 5.40 years, were included. Total annual
costs per patient were estimated as CNY18262.84
(USD2933.08). Inpatient and outpatient healthcare use
were major cost drivers, accounting for 46.41%and
23.36% of total annual costs, respectively. Productivity
loss accounted for 25.32% of total annual costs. The
proportions of direct and indirect costs were similar
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to published studies in other countries. Nationally,
the total costs of managing IBS would amount to
CNY123.83 billion (USD1.99 billion). Among the IBS
subtypes, total annual costs per patient of IBS-M was
highest at CNY18891.18 (USD3034). Furthermore,
there was significant difference in productivity loss
among IBS subtypes (P = 0.031).
CONCLUSION
IBS imposes a huge economic burden on patients and
healthcare systems, which could account for 3.3%
of the total healthcare budget for the entire Chinese
nation. More than two-thirds of total annual costs of
IBS consist of inpatient and outpatient healthcare use.
Among the subtypes, IBS-M patients appear to have
the greatest economic burden but require further
confirmation.
Key words: Irritable bowel syndrome; Burden of illness;
Direct and indirect medical and nonmedical costs;
Irritable bowel syndrome subtype; Productivity loss
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study was the first article to evaluate
the costs of patients with irritable bowel syndrome
(IBS) in China, including all costs associated with
care of patients with IBS, and allowed a more reliable
estimation of true costs. In addition, unlike other
published studies, this study also analyzed the costs of
patients with four IBS subtypes, finding a difference in
indirect costs among IBS subtypes. This would provide
a benchmark for other researchers engaged in studying
IBS.
Zhang F, Xiang W, Li Cy, Li SC. Economic burden of irritable
bowel syndrome in China. World J Gastroenterol 2016; 22(47):
10450-10460 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i47/10450.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i47.10450

INTRODUCTION
Irritable bowel syndrome (IBS) is a common functional
[1]
gastrointestinal disorder , with the worldwide preva
[2]
lence ranges from 5.7% to 34% . Prevalence estim
ates for IBS appear to vary widely according to the
[3]
criteria used and population studied . The reported
prevalence of IBS in Western countries ranges from
[4]
17%-22% ; but a highly variable range between
[5,6]
2.3%-34% is reported in Asian countries . In China,
most studies applying the Rome Ⅱ criteria reported
[7]
the IBS prevalence in adult as between 5% to 10% .
According to Rome Ⅱ criteria, patients diagnosed
with IBS can be classified into four subtypes: IBSconstipation (IBS-C), IBS-diarrhea (IBS-D), IBS[8]
mixed type (IBS-M) and IBS-unclassified (IBS-U) . In
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[4]

western countries, the major IBS subtype is IBS-C ,
[9]
while IBS-D is commonly encountered in China .
Clinically, IBS contributes between 25% and 50% of
[10]
gastroenterology outpatient caseload .
The high prevalence rate and complicated clinical
manifestation make IBS a serious burden for social
[11]
and public health . Compared to other chronic
diseases, IBS sufferer has a higher utilization rate of
[12]
[13]
health resources . Vandvik et al
had shown that
patients with IBS make two to three times the number
of health care visits per year compared to the general
[14]
population. Likewise, Badia et al
found patients
with IBS spent 1.6 times as much on their health
care as those without IBS. Additionally, many studies
also showed patients with IBS have poorer quality of
life (QOL) when compared to the general population
[11,15]
as well as patients with other chronic diseases
.
Furthermore, IBS patients suffering from frequent
abdominal pain for prolonged duration were reported
[11,15,16]
to have increased levels of anxiety about IBS
.
[4]
When considering economic impact, Hungin et al
found that nearly one-quarter of IBS respondents
worked fewer hours, 11% missed work and 67% felt
less productive at work because of their symptoms.
Meanwhile, caregivers of IBS patients also had more
lost work days, and also more worry about IBS
[16,17]
patients
.
Currently, studies of the economic burden in IBS
[18]
were mainly performed in western countries . These
studies used either a societal or patients’ perspective
to estimate the cost impact of IBS on society or
[18]
patients their families . From a societal perspective,
one US national company in 2005 calculated the
productivity loss attributable to IBS to be USD7737
[4]
per patient . In Denmark, the median annual cost
was between USD1360 and USD1508 per patient
[19]
from absenteeism . Through absenteeism and
presenteeism combined, the loss per IBS patient was
[20]
estimated to be USD748 in Canada , and EUR995 in
[21]
Germany . From the patients’ perspective, studies
from the US estimated the annual cost per patient with
[22,23]
IBS as between USD4232 and USD4527
, with
a projected annual cost for the nation of USD1353
[24]
million . Annual treatment cost per patient estimated
in other countries included United Kingdom estimates
[25,26]
of between GBP316 and GBP906
, Canadian
[20]
estimate of USD259 , and Norwegian estimate of
[27]
NOK954 and NOK14854 . Likewise, two Asian studies
estimated the costs of IBS to be USD155 million in
[28]
Korea nationally , and the annual cost per patient
[29]
as USD90 in Iran . Generally, the costs of primary
[18]
care form a large part of total burden in IBS . For
example, in the United States, on average, 25%-49%
of IBS patients consult a primary care physician with
[30]
two to three visits per year . One United Kingdom
study showed that among those newly developing IBS
over a 10-year period, the median number of annual
primary care consultations for IBS was only 1 but
[31]
with the maximum being 14 . In Germany, primary
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care visits accounted for up to 30% of total direct
[21]
healthcare costs for patients with IBS . In addition, a
small number of studies calculated the cost of IBS for
special populations. In the Netherlands, total annual
costs per child was estimated to be EUR2512.31.
Overall, inpatient and outpatient healthcare use were
major cost drivers, accounting for up to 50% of total
[17]
annual costs . However, no studies estimating the
costs of IBS subtypes were found.
In China, there were studies reporting the epide
[7]
[32]
miology , and QOL
of IBS. Nevertheless, the
economic burden of patients with IBS in China has not
been studied. This information would be invaluable
to healthcare administrators and governments in
making informed decision in allocating adequate and
appropriate resources in managing patients with IBS.
Therefore, this study aimed to estimate the economic
burden of illness of patients with IBS and IBS subtypes
to fill this knowledge gap.

Materials and methods
Study design

This study was to estimate the economic burden of
IBS from the patients’ perspective. We included all
patients with IBS in the database from December
2014 to December 2015, beginning with the first day
of medical care for each patient, at the First Hospital
of Dalian Medical University. The First Hospital of
Dalian Medical University is a level 3 comprehensive
hospital (the equivalent of tertiary referral hospital in
western countries), renowned for its management of
cardiovascular and cerebrovascular diseases, metabolic
diseases, gastrointestinal diseases and senile diseases.
In China, patients have the freedom to choose the
healthcare institution when seeking treatments. Due
to the availability of advanced technology and experi
enced doctors, the level 3 comprehensive hospitals are
usually their first choice.
For our study, trained health workers employed in
rural hospitals and community health service organi
zations conducted face-to-face interviews. Data were
collected using a standardized questionnaire adopted
[33]
from a published study ; and it included clinical
information of IBS, usage of primary care and hospital
admission due to IBS. All patients who gave written
consent to participate were included in the study. The
study was approved by the Ethics Committee of the
hospital.
All patients with a diagnosis of IBS according to
Rome Ⅲ criteria were included after providing consent.
All patients underwent routine laboratory testing prior
to inclusion to rule out organic causes for the abdominal
pain. Exclusion criteria were a concomitant organic
gastrointestinal disease, infectious diarrhea, pregnant
or breastfeeding women, and intellectual disability.
At baseline, patients with IBS completed the
questionnaire specially designed for the study setting.
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The recall period of questionnaire items was 4 wk
prior to inclusion. Questionnaire items reflected the
patients’ perspective, referring to all significant costs
related to the illness or intervention. We distinguished
between direct costs of healthcare and indirect costs of
productivity loss in this study. Direct costs were divided
into direct medical costs and direct nonmedical costs.
Indirect costs (i.e. productivity loss) were calculated
[34]
by the human capital method . The average daily
income per capita in 2015 was used as the value of
lost workdays. The average daily income per capita
was CNY174.27 in Dalian, according to China Statistical
[35]
Yearbook . For patients who were retirees, their
indirect costs were calculated by family caregivers’
lost workdays; and for patients who were employed, if
family caregivers indicated that they took leave from
work to care for the patients, this was also considered
as indirect costs. The sum of direct costs and indirect
costs were the total cost per patient. As for the costs
for the entire Chinese population, the average total cost
per patient total costs in our study cohort was multiplied
[7]
by the prevalence of IBS , and the total population.
[35]
The population in 2015 was 1.37 billion people . The
gross domestic product (GDP) and per capita GDP in
China were CNY67670.8 billion (USD10868.2 billion)
[35]
and CNY51560.28 (USD8280.78) . According to
the China Health Statistics Yearbook, the national
health expenditures in 2015 was CNY3758.48 billion
[36]
(USD603.63 billion) . All costs were expressed in
CNY. The total costs per patient were also converted
and presented as United States dollars to allow better
international comparison (USd1 = CNY6.2265, GBP£1
[37]
= USD1.4260) . In order to compare with other
studies, discount rate was used for adjusting the total
costs with IBS to 2015. The discount rate applied was
[38]
[39]
3% in United States , and 3.5% in United Kingdom .

Direct medical costs

Direct medical costs are costs directly related to the
disease, such as costs for diagnostics, therapeutics,
[40]
and care . Patients with IBS were asked about the
frequency and types of healthcare resources utilization
(e.g., outpatient attendance, pharmacy, inpatient
admission, etc.) related to IBS. The costs and frequ
ency of outpatient and pharmacy were captured by
using the questionnaire, and detailed costs of inpatient
were collected from the hospital’s information system.

Direct nonmedical costs

Direct nonmedical costs were the costs related to the
illness, but were not spending on health resources,
such as costs for traveling to the healthcare providers,
having meals and accommodation when seeking treat
[40]
ment, etc . Patients were asked about the frequency
and costs for traveling, having meals when seeking
treatment for IBS. In addition, patients were asked
whether they paid for health food. Particularly, patients
specified the frequency and amount spent in the past
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Table 1 Characteristics of four irritable bowel syndrome-subtypes n (%)
Characteristics

IBS (n = 105)

IBS-C (n = 23)

IBS-D (n = 42)

IBS-M (n =9)

IBS-U (n = 31)

57.1 ± 10.3
24 (22.9)
39 (37.1)
35 (33.3)
7 (6.7)
4.3 ± 5.4
33 (31.4)
33 (31.4)
19 (18.2)
20 (19.0)

60.3 ± 8.7
2 (8.7)
11 (47.8)
8 (34.8)
2 (8.7)
3.0 ± 2.7
8 (34.8)
9 (39.2)
3 (13.0)
3 (13.0)

54.9 ± 11.9
12 (28.6)
14 (33.3)
13 (31.0)
3 (7.1)
5.0 ± 5.7
11 (26.2)
13 (31.0)
8 (19.0)
10 (23.8)

52.0 ± 9.6
5 (55.6)
1 (11.1)
3 (33.3)
0 (0.0)
6.8 ± 10.6
3 (33.3)
4 (44.4)
0 (0.0)
2 (22.3)

59.3 ± 8.2
5 (16.1)
13 (41.9)
11 (35.5)
2 (6.5)
3.8 ± 4.3
11 (35.5)
9 (29.0)
6 (19.4)
5 (16.1)

37 (35.2)
68 (64.8)

6 (26.1)
17 (73.9)

24 (57.1)
18 (42.8)

4 (44.4)
5 (55.6)

3 (9.7)
28 (90.3)

42 (40.0)
63 (60.0)

10 (43.5)
13 (56.5)

16 (38.1)
26 (61.9)

3 (33.3)
6 (66.7)

13 (41.9)
8 (58.1)

43 (40.9)
55 (52.4)
7 (6.7)

10 (43.5)
12 (52.2)
1 (4.3)

15 (35.7)
25 (59.5)
2 (4.8)

5 (55.6)
2 (22.2)
2 (22.2)

13 (41.9)
16 (51.6)
2 (6.5)

Age (yr) (mean ± SD)
≤ 50
51-60
61-70
≥ 71
Disease duration (yr) (mean ± SD)
<1
1-3
3-5
>5
Gender
Male
Female
Employment Status
Retired
Employed
Income level
Lower income
Middle income
Higher income

P value
0.0491

0.247

< 0.0012

0.094

0.096

1

There was significant difference between age distribution of irritable bowel syndrome-constipation (IBS-C) vs IBS-diarrhea (IBS-D) vs IBS-mixed (IBS-M)
vs IBS-unclassified (IBS-U) (P = 0.049); 2There was significant difference between gender distribution of IBS-C vs IBS-D vs IBS-M vs IBS-U (P < 0.001). Lower
income: < 5000 yuan/mo; Middle income: 5000-10000 yuan/mo; Higher income: > 10000 yuan/mo.

4-wk. We calculated the costs of direct nonmedical
costs according to the information gathered in their
questionnaires.

Indirect costs

Indirect costs were defined as productivity costs in
which sporadic work loss was associated with medical
service use and extended work loss due to a disability
[40]
or death . The time lost from work due to medical
care was estimated by the type and frequency of visits
to a health care institution. In our study, each day in
the inpatient was considered a loss of a full work day
and each outpatient visit was considered a half work
day loss.
In this study, due to the nature of the disease being
studied, productivity loss due to premature mortality
was not included.

Total costs and data analysis

Total costs of treatment of patients with IBS according
to Rome Ⅲ criteria were presented as the sum of
direct costs and indirect costs. To derive cost estimates
per patient per year, the 4-wk recall period of the
questionnaire was multiplied by 13.0446 [based on
(1/28) × 365.25]. If patients reported healthcare
provider consultations, but the frequency of visits was
missing, the average reported consultation rate of the
respective healthcare providers was used.

Statistical analysis

We reported the details of annual costs by using biascorrected and accelerated bootstrapping, drawing
1000 samples of the same size as the original sample.
Bootstrapped independent sample t-tests (1000
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bias corrected replications) and analysis of variance
were performed to determine differences between
IBS subtypes, and bias-corrected and accelerated
95%CI around the mean of the original sample were
generated. All data analyses were performed using
SPSS (IBM Corporation, NY, United States). Statistical
significance was set at 5%.

RESULTS
A total of 140 patients with IBS according to Rome Ⅲ
criteria were included in this study between December
in 2014 to December in 2015. Of these patients, 35
withdrew informed consent and did not complete the
questionnaires. Therefore, 105 patients were included
in the analyses, and 68 included patients (64.8%)
were female. Table 1 shows the detailed information of
the included patients. The mean age of the group was
57.1 years (SD ± 10.3). Mean duration of symptoms
was 3.7 years (SD ± 5.4), with 81% having symptoms
less than 5 years. Sixty percent of the patients was
employed, and more than half of the patients (52.4%)
reported to be in the middle income group.
When categorized according to IBS subtype, IBS-D
was diagnosed in 42 patients (highest at 40%), and
the number of IBS-M patients was 9 (lowest at 8.6%).
The mean age of IBS-C was oldest at 60.3 years (SD
± 8.7), and IBS-M type was youngest at 52.0 years
(SD ± 9.6). Patients with IBS-M had longest disease
duration at 6.8 years (SD ± 10.6), while IBS-C was
shortest at 3.0 years (SD ± 2.7). IBS-Ds were more
prevalent in males (57.1%), and IBS-U more prevalent
in females (90.3%). The proportion of employed
patients in four irritable bowel syndrome subtypes
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Table 2 Direct medical costs (CNY yuan)
Direct medical
costs
Outpatient
Pharmacy
Inpatient
Total costs

No. of patients

Average visits Average visits
per 4 wk
per year

99 (94.29%)
13 (12.38%)
105 (100%)

1.01
1.08
0.01

12.42
1.72
1.28

4-wk drug cost per
patient
213.57 (185.86-246.95)
17.33 (7.53-28.29)
290.76 (261.82-320.29)
521.67 (76.32-91.09)

4-wk medical cost per
patient
112.49 (82.04-142.77)
0.76 (0.34-1.25)
359.03 (340.65-377.07)
472.28 (437.26-507.22)

Annual costs per patient
4266.58 (3705.55-4838.44)
31.56 (13.74- 51.29)
8476.30 (7888.07-9050.18)
12761.14 (11885.82-13595.74)

Table 3 Direct nonmedical costs (CNY yuan)
Direct nonmedical costs

No. of patients

Travel
Meals
health food
Total costs

105 (100%)
98 (93.33%)
8 (7.62%)

4-wk costs per patient

Annual costs per patient

23.06 (19.65-26.57)
6.49 (4.77-8.30)
49.05 (14.28-97.13)
78.60 (42.55-127.91)

749.75 (645.57-867.93)
79.03 (58.16-101.00)
48.75 (14.20-96.55)
877.54 (752.62-1022.94)

Table 4 Indirect costs (CNY yuan)
Indirect costs
Outpatient
Pharmacy
Inpatient
Resting at home
Total costs

4-wk lost work days
0.62 (0.57-0.68)
0.06 (0.03-0.10)
1.10 (1.04-1.16)
0.34 (0.32-0.36)
2.13 (2.04-2.22)

Average costs per 4 wk

was between 55%-67%. Besides IBS-M patients,
almost half of the patients in other subtypes reported
belonging to the middle income group. Overall, there
were significant differences in age distribution (P =
0.049) and gender distribution (P < 0.001) among the
four irritable bowel syndrome subtypes.

Direct medical costs

The average number of visits to utilize outpatient,
inpatient and pharmacy services in the past 4 wk and
the total direct medical costs were shown in Table 2.
The proportion of patients using these resources was
94.29% for outpatient service, 12.38% for pharmacy
service, and 100% for inpatient service. The annual
frequency of visiting these healthcare facilities was
12.42 times for outpatient service, 1.72 times for
pharmacy service, and 1.28 times for inpatient service.
Mean annual total direct medical costs per patient was
CNY12761.14 (95%CI: 11885.82-13595.74). Of this, in
patient costs comprised the highest component (66.42%
of direct medical costs), at CNY8476.30 (95%CI:
7888.07-9050.18). This was followed by outpatient
costs (33.43% of direct medical costs) at CNY4266.58
(95%CI: 3705.55-4838.44), and pharmacy costs
(0.25% of direct medical costs) at CNY31.56 (95%CI:
13.74-51.29).
Table 2 also shows the drug costs and other
medical costs per patient in the 4-wk period. The drug
costs were CNY521.67 (95%CI: 76.32-91.09) in the
4-wk period, which was larger than the costs of other
consumed medical resources.
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Annual lost work days per patient

108.71 (99.60-117.84)
10.79 (4.98-17.43)
190.85 (180.80-202.17)
59.80 (56.87-62.98)
370.15 (355.61-386.23)

8.14 (7.45-8.88)
0.81 (0.37-1.30)
14.29 (13.54-15.13)
4.48 (4.25-4.71)
27.71 (26.62-28.91)

Annual costs per patient
1337.07 (1225.06-1449.34)
17.42 (8.04-28.15)
2489.59 (2358.47-1637.26)
780.07 (741.90-821.56)
4624.15 (4456.32-4802.13)

Direct nonmedical costs

The total direct nonmedical costs and detailed
costs were shown in Table 3. Mean annual direct
nonmedical costs per patient was CNY877.54 (95%CI:
752.62-1022.94). The greatest component was
travel costs (85.43% of direct nonmedical costs), at
CNY749.75 (95%CI: 645.57-867.93). Most patients
(n = 98, 93.33%) also consumed meals spending
on average CNY79.03 (95%CI: 58.16-101.00)
while seeking treatment. The costs were lowest in
special health food (5.56% of direct medical costs)
at CNY48.75 (95%CI: 14.20-96.55), with 8 patients
(7.62%) only reporting this expense.

Indirect costs

All patients had worked less than usual in the past 4
wk as a consequence of their abdominal complaints.
In Table 4, mean annual lost work days were
27.71 d (95%CI: 26.62-28.91), and annual cost of
production loss per patient was CNY4624.15 (95%CI:
4456.32-4802.13). The annual lost work days were
14.29 in inpatient, 8.14 in outpatient, 4.48 at home,
and 0.81 in pharmacy. The highest annual production
loss was due to inpatient admission (53.84% of indirect
costs), at CNY2489.59 (95%CI: 2358.47-1637.26).

Total costs

All direct and indirect medical and nonmedical costs were
summarized in Table 5. Total annual costs per patient
were CNY18262.84 (95%CI: 17326.86-19158.27), with
direct medical costs accounting for 69.87% of total costs.
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Table 5 Total costs (CNY yuan)

Direct medical costs
Outpatient
Pharmacy
Inpatient
Direct nonmedical costs
Travel
Meals
Health food
Indirect costs
Outpatient
Pharmacy
Inpatient
Resting at home
Total costs

4-wk costs per patient

Annual costs per patient

993.95 (934.37-1059.57)
326.06 (285.86-372.84)
18.10 (7.77-28.25)
649.79 (601.91-693.69)
78.60 (42.55-127.91)
23.06 (19.65-26.57)
6.49 (4.77-8.30)
49.05 (14.28-97.13)
370.15 (355.61-386.23)
108.71 (99.60-117.84)
10.79 (4.98-17.43)
190.85 (180.80-202.17)
59.80 (56.87-62.98)
1442.70 (1356.99-1520.09)

12761.14 (11885.82-13595.74)
4266.58 (3705.55-4838.44)
31.56 (13.74- 51.29)
8476.30 (7888.07-9050.18)
877.54 (752.62-1022.94)
749.75 (645.57-867.93)
79.03 (58.16-101.00)
48.75 (14.20-96.55)
4624.15 (4456.32-4802.13)
1337.07 (1225.06-1449.34)
17.42 (8.04-28.15)
2489.59 (2358.47-1637.26)
780.07 (741.90-821.56)
18262.84 (17326.86-19158.27)

Table 6 Total costs for the entire Chinese population
Total costs
National Per capita
123.83 B
(1.99 B)

18262.84
(2933.08)

National health
budget

Costs as % of national
health budget

National

GDP
Per capita

3758.48 B (603.63 B)

3.29%

67670.8 B (10868.2 B)

51560.3 (8280.8)

Total costs as % of GDP
National
Per capita
0.18%

Units

35%

2015CNY
(2015USD)

IBS-U

P value

B: billion; GDP: Gross domestic product.

Table 7 Total costs of four irritable bowel syndrome subtypes (CNY yuan)
IBS-C
Direct medical costs
Direct nonmedical costs
Indirect costs
Total costs

IBS-D

IBS-M

12036.72 (10319.41-13841.58) 12838.55 (11570.90-14221.77) 12990.03 (11094.74-14757.98) 13127.30 (11484.21-14680.82)
973.31 (741.98-1252.00)
812.15 (586.09-1114.49)
986.80 (95.42-201.77)
863.34 (716.92-1025.52)
4449.10 (4020.92-4893.99)
4890.66 (4648.80-5169.87)
4914.35 (4446.81-5340.35)
4308.71 (4017.27-4584.88)
17459.12 (15369.32-19486.61) 18541.36 (17241.44-19933.29) 18891.18 (16960.86-20813.44) 18299.35 (16423.33-20269.52)

0.830
0.792
0.0311
0.817

1

There was significant difference between indirect costs of irritable bowel syndrome-constipation (IBS-C) vs IBS-diarrhea (IBS-D) vs IBS-mixed (IBS-M) vs
IBS-unclassified (IBS-U) (P = 0.031).

The total costs for the entire Chinese population are
shown in Table 6. By multiplying with the prevalence
[7]
[35]
of IBS , and the total population , the total costs
for the entire Chinese population could amount up to
CNY123.83 billion (USD1.99 billion), accounting for
3.29% and 0.18% of the national health budget and
GDP for the entire Chinese population. And the total
costs per capita would account for 35% of per capita
GDP.

Total costs of four irritable bowel syndrome subtypes

As shown in Table 7, the highest total costs per patient
was for IBS-M patients, at CNY18891.18 (95%CI:
16960.86-20813.44); and the costs were lowest in
IBS-C, at CNY17459.12 (95%CI: 15369.32-19486.61).
In all subtypes, direct costs were the major component
accounting for approximately 75% of total costs.
Additionally, there was significant difference between
indirect costs of four IBS subtypes (p = 0.031), with
the indirect costs in IBS-M much higher than the other
subtypes.
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DISCUSSION
IBS was a multi-factorial condition and the prevalence
[41]
was dependent on age and gender . In most Western
countries, IBS affects more women (60%-70%) than
[42,43]
men
. The prevalence of IBS in this study was
64.8% in females, which was similar to Western coun
tries but higher than some Asian countries, such as
[44]
[45]
India (59.69%) , and Japan(50%) . Some previous
studies in China had reported the prevalence of IBS in
[46]
female patients as 56.50% in Shanghai , and 55.56%
[47]
in Guangdong province . Overall, the prevalence of
IBS in female patients in our sample could be judged as
similar to other Chinese studies.
When considering the age of common occurrence,
one United States study found that although IBS can
occur at any age, it was more prevalent in young and
[48]
middle-aged groups and less common in the elderly .
IBS was also reported to prevail mostly in persons
below the age of 25 years (20.9%) or between 35
[23]
years to 44 years (26.1%) in Western countries .
However, the age of common occurrence in some
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Table 8 Economic burden per person with irritable bowel syndrome in other studies
Ref.

Country

This study
Dean et al[52]
Leong et al[23]
Ricci et al[53]
Ahn et al[54]
Creed et al[55]

China
United States
United States
United States
United States
United Kingdom

Total costs

Units

Direct

Indirect

13638.68 (2190.42)1

4624.15 (801.64)1
7737 (10398)2
791 (1307)2

3736 (6175)2
7547 (11758)2
1562 (2294)2
1743 (2634)3

334.50 (505.45)3

2015CNY (2015USD)
2005USD (2015USD)
1998USD (2015USD)
2000USD (2015USD)
2002USD (2015USD)
2003USD (2015USD)

USD1 = CNY6.2265; 2The discount rate was 3% in United States; 3The discount rate was 3.5% in United Kingdom.

1

Asian countries was different from Western countries.
[49]
In India, IBS prevails mostly in 51-61 year-old ;
while one Korean study reported the prevalence of IBS
tended to increase with age, with 13.76% occurring in
[28]
the 60-69 year age group . Similar to these countries,
our current study found IBS to be more common
between 51 to 60 years, accounting for 37.10%.
Furthermore, our study also found a difference
with Western countries in the duration of symptoms.
In our study, the proportion of patients with symptom
duration less than 5 years was 81%, much higher than
[50]
in United States (36%) . However, this difference
would need to be interpreted with caution as it may be
caused by the difference in referral systems as well as
health seeking habits across different countries.
When considering the distribution of IBS subtypes,
in United States, the relative proportions of IBS
subtypes ranged from 5.2% to 66% for IBS-C, 0.8%
[9]
to 33.9% for IBS-D, and 5.2% to 33.1% for IBS-M ,
with the most common IBS subtypes being IBS-C. One
northern Indian study found the relative proportion was
42.4% for IBS-M, 37.7% for IBS-D, 13.6% for IBS-U
and 6.3% for IBS-C, with IBS-M as the most common
[44]
subtypes . However, the proportions of IBS subtypes
in our study was quite different from other countries
with IBS-D (40%) and IBS-M (8.57%) as the most and
least common IBS subtypes respectively.
Gender-specific prevalence of IBS subtypes were
[41]
reported in some studies . In United States, IBS-D
was more common in males (37.5%), and IBS-C
[8]
more common in females (47%) . In Japan IBS-M
was of similar prevalence in the females and males
[51]
at 45% and 49% respectively . In South Korea, the
most commonly encountered IBS subtype with similar
prevalence of 38.3% and 33.8% in females and males
[28]
respectively was IBS-D . Similar to United States
and South Korea, IBS-D was more prevalent among
males (57.1%) in our study. However, IBS-U was the
predominant subtypes in our female patients (90.3%),
which was quite different with other countries.
As a prevalent chronic disorder, IBS imposes a
[23]
heavy economic burden on health care . In 1995,
the United Kingdom spent £45.6 million (£90.73
million, which was adjusted to 2015) in managing IBS,
constituting 0.1% of the total annual spending by the
[25]
United Kingdom National Health Service . Similarly,

WJG|www.wjgnet.com

the United States spent USD1658 million (USD2740
million adjusted to 2015 value) in caring for IBS in
[24]
1998 . In our study, the costs of IBS were estimated
to be CNY123.83 billion (USD1.99 billion), which
would account for 3.3% of the total healthcare budget
for the entire Chinese population. Although the total
costs of IBS were higher than United States or United
Kingdom, the annual cost per patient at CNY18262.84
(USD2933.08) was lower than United States or United
[24-26]
Kingdom
.
The direct and indirect cost per person between our
[23,52-55]
study and other studies were shown in Table 8
.
Medical charges per patient in China were lower than
that of the United States and the United Kingdom.
The direct costs and indirect costs of IBS in this study
were CNY13638.68 (USD2190.42) and CNY4624.15
(USD801.64) respectively. Some published review in
United States reported that the annual direct costs
associated with IBS ranged from USD1562 (2002 USD;
adjusted to 2294 per year in 2015 USD) to USD7547
(study published in 2000; adjusted to 11758 per
year in 2015 USD), while the annual indirect costs
of IBS ranged from USD791 (1998 USD; adjusted
to USD1307 per year in 2015) to USD7737 (study
published in 2005; adjusted to USD10398 per year
in 2015). Another perspective in United Kingdom
reported that the direct costs were USD1743 (study
published in 2003; adjusted to USD2634 per year in
2015), while the indirect costs were USD334.50 (study
published in 2003; adjusted to USD505.45 per year in
2015). The difference in direct costs can be accounted
by the lower price of related medical resources in
China, as compared to the United States and European
countries. For example, an average colonoscopy costs
CNY500-1000 (USD80.30-160.60) in China, whereas it
[56]
costs USD3081 in the United States and £1005-2195
[57]
in the United Kingdom .
For IBS, the reported costs in outpatient costs were
12.7% to > 50% of total costs, in inpatient costs were
6.2% to 40.8%, and in pharmacy or drug costs were
[58]
5.9% to 46.6% . Despite the costs per patient of
IBS were lower in China, the proportion of outpatient
(23.36% of total costs) and inpatient (46.41% of total
costs) costs were similar to Western countries, and
in pharmacy was much lower (0.17% of total costs),
because of the least number of visiting-patients. In
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[21,30,31,58]

contrast to the western countries
, the reported
share of visiting-patients of health care resource use
varied widely, particularly 99 patients (94.29%) in
outpatient, 105 patients (100%) in inpatient costs, and
13 patients (12.38%) in pharmacy. Additionally, this
study demonstrated that IBS patients visited outpatient
more frequently, at a rate of 12.42 per year compared
to 1.6 in the United Kingdom and 0.9 in the United
[59]
States .
The indirect costs in patients with IBS accounted for
[52,53]
two-thirds of the total in industrialized countries
.
In contrast, indirect costs were assumed to be 25.32%
in the present study because the costs in China were
much lower than those in United States and United
Kingdom. The daily costs was 174.27 yuan (USD27.99),
[60]
whereas it costs USD201.12 in the United States
[61]
and £150 (USD216.51) in the United Kingdom .
Furthermore, in this study, mean annual loss of work
days were 27.71 d, whereas it was 8.5-21.6 d in United
[62]
States .
So far, no published study analyzed cost outcomes
[58]
for all IBS subtypes . But one United States study had
[51]
reported the costs of patients with IBS-C . The total
costs per patient of IBS-C were USD3856, of which
78.1% was from medical costs, and 21.9% was from
[51]
[63]
productivity costs . Additionally, Guerin et al
found
the total costs of patients with IBS-C as USD4353, of
which 71.3% was from medical service costs. Although
the costs per patient (CNY17459.12; USD2804) of
IBS-C in our study were lower, the proportion of
direct costs (74.5%) and indirect costs (25.5%) were
similar to United States. However, there was significant
difference among indirect costs of four irritable bowel
syndrome subtypes (P = 0.031), with much higher
indirect costs in IBS-M subtypes.
To the best of our knowledge, this was the first
study to evaluate the costs for patients with IBS in
China; and in our study, all costs associated with care
of patients with IBS were included, thus allowing a
more reliable estimation of actual costs of care for these
patients. Additionally, unlike other published studies,
our study also analyzed the costs of patients with four
IBS subtypes, finding a difference in indirect costs
among IBS subtypes. This would provide a benchmark
for other researchers engaged in studying IBS.
A limitation of our current study was the extrapo
lation of 4-weekly costs based on the recall period of
questionnaires to annual costs by simple multiplication.
Although this multiplicative approach combined with
bias-corrected and accelerated bootstrapping techni
que, the results of total costs per patient may be
higher than the real value. However, when considering
the similarity in the comparative proportion of direct
and indirect costs between our studies and other
published studies as discussed, so our approach would
have produced more accurate estimate than expected.
Another limitation was that the investigative sample
size was relatively small, and the sample all came from
the First Affiliated Hospital of Dalian Medical University.
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Certainly, significant differences in lifestyle, demo
graphics, use and access to medical facilities exist in
all countries and sometimes even different regions in
the same country. So there is the risk to extrapolate
the results from our sample as representative of all
patients from all regions of China. However, when
considering the relatively lack of genetic difference, the
rather standardized treatment for IBS, and the health
seeking habit of the Chinese population, our cohort
could be considered as typical of IBS sufferers in China
if interpreted with some caution.
Finally, due to the small sample size in our study,
the conclusion that patients with IBS-M subtype have
a significant difference may also be risky. However,
based on clinical experience, patients with IBS-M
are more difficult to treat. Other published studies
also supported clinical difference in the various IBSsubtypes, with patients with IBS-M subtype posing
[64-66]
more difficulties in the management
. Hence, there
is a good chance that the difference observed would be
valid. Nevertheless, due to the relatively limited sample
size, our observation will need confirmation with larger
studies in future.
Overall, the aforementioned limitations would
somewhat affect the external validity of the results.
In conclusion, IBS imposes a huge economic
burden on healthcare systems and patients, which
could account for 3.3% of the total healthcare budget
and 0.18% of the GDP for the entire Chinese nation.
The total costs per capita could account for 35% of per
capita GDP. The direct and indirect costs were lower
than US and United Kingdom. More than two-thirds
of total annual costs of IBS consist of inpatient and
outpatient healthcare use. Among the subtypes, IBS-M
patients appear to have the greatest economic burden
but would need further confirmation.
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Abstract
Focal nodular hyperplasia (FNH) of the liver is a benign
lesion occurring in 0.6%-3% of the general population
that probably reflects a local hyperplastic response of
hepatocytes to a vascular abnormality. Most lesions are
diagnosed incidentally and the natural history of the
disease remains largely unknown. It has been shown
that most FNH remain stable, or even regress, over a
long follow-up period. We present a patient with FNH
of the liver who was followed up for 7 years. A 26-yearold woman with a 5-year history of oral contraceptive
use was referred to our hospital in February 2005 for
further examination of a liver tumour. The diagnosis of
FNH was made using magnetic resonance (MR) imaging
with hepatospecific contrast media; this technique
allows a correct diagnosis, in particular distinguishing
FNH from hepatic adenoma, avoiding an invasive
procedure such as the lesion biopsy. After 7-year from
the diagnosis, we observed the complete spontaneous
regression of the lesion by enhanced MR scanning. In
this patient, discontinuation of oral contraceptive use
and two childbirths may have influenced the natural
history of FNH. To our knowledge, in the English
literature there is no report illustrating a complete
regression of giant FNH but only studies of decreasing
in size. The present case suggests that a young patient
with giant FNH should be managed conservatively
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rather than by resection, because FNH has the potential
for spontaneous regression.
Key words: Focal nodular hyperplasia; Regression;
Magnetic resonance; Oral contraceptives; Pregnancy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We present a patient with focal nodular
hyperplasia (FNH) of the liver who was followed
up for 7 years. A 26-year-old woman with a 5-year
history of oral contraceptive use was referred to our
hospital in February 2005 for further examination of
a liver tumour. The diagnosis of FNH was made using
magnetic resonance (MR) imaging with hepatospecific
contrast media. After 7-year from the diagnosis, we
observed the complete spontaneous regression of
the lesion by enhanced MR scanning. In this patient,
discontinuation of oral contraceptive use and two
childbirths may have influenced the natural history of
FNH.
Mamone G, Caruso S, Cortis K, Miraglia R. Complete
spontaneous regression of giant focal nodular hyperplasia
of the liver: Magnetic resonance imaging evaluation with
hepatobiliary contrast media. World J Gastroenterol 2016;
22(47): 10461-10464 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i47/10461.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i47.10461

INTRODUCTION
Focal nodular hyperplasia (FNH) is a benign hepatic
lesion common in young women; a localized in
crease in arterial blood flow produced by a vascular
abnormality may be involved in the pathogenesis of
[1]
FNH .
The natural history of FNH is still unknown, because
long-term follow-up studies of histologically proven
FNH have been performed only in small series of
[2-6]
patients, with conflicting results .
Surgery or interventional radiology treatment are
not recommended, except in few cases when the
tumour compresses neighbouring organs, liver vessels
[7]
or bile ducts .
We report a patient with giant FNH of the liver, in
whom the complete spontaneous regression of the
lesion was observed on enhanced magnetic resonance
with hepatobiliary phase, after a 7-year period of
observation.

CASE REPORT
A 26-year-old woman was referred to our centre in
February 2005 with an incidentally detected liver
lesion on an abdominal ultrasound done as part of

WJG|www.wjgnet.com

the imaging work-up for mild abdominal pain. No
relevant past medical or surgical history was elicited.
The patient was on the oral contraceptive pill for the
past five years. Physical examination and a routine
biochemical liver screen were unremarkable.
Further imaging was performed by magnetic
resonance imaging (MRI), using a hepatospecific
contrast agent (Gd-BOPTA, MultiHance, Bracco Ima
ging, Milan, Italy). This showed a 11.5 cm T1 and
T2 isointense mass lesion in the right liver lobe, with
small central scar, mosaic arterial enhancement, iso
to hypoenhancement to liver on the delayed venous
phases, and uptake of Gd-BOPTA on the hepatobiliary
phase at two hours post contrast administration (Figure
1A-C). These findings were considered pathognomonic
for FNH, and a biopsy was therefore deemed un
[8-10]
necessary
.
The patient discontinued the oral contraceptive
pill soon after diagnosis. She had two successful ges
tations (in 2006 and 2010). A follow-up Gd-BOPTA
enhanced MRI performed in January 2012 showed
complete involution of the known FNH (Figure 1D-F),
except for a subcentimetre hypointense area that was
attributed to residual scarring. At present, the patient
remains asymptomatic and is doing well.

DISCUSSION
FNH of the liver is a benign condition occurring in
0.6%-3% of the general population. Most lesions
are diagnosed incidentally and the natural history of
the disease remains largely unknown. It has been
postulated that a localized increase in arterial blood
flow produced by a pre-existing vascular abnormality
may be involved in the pathogenesis of FNH, through
[1]
an exaggerated hyperplastic response . FNH is
the second commonest benign lesion of the liver
[11]
following hemangioma
and FNH nodules are wellcircumscribed unencapsulated nodules composed of
hyperplastic hepatocytes surrounded by fibrous bands
radiating from a central fibrotic scar containing thick[1,11]
walled arteries
.
The natural history of FNH is still unknown, be
cause long-term follow-up studies of histologically
proven FNH have been performed only in small cohort
[2-6]
of patients, with conflicting results
. Surgical or
interventional radiological treatment is usually not
advocated, except in the rare exceptional cases where
large FNH compress neighbouring organs, liver vessels
[7]
or bile ducts .
The non-invasive diagnosis of FNH was quite
challenging prior to the introduction of MRI performed
using hepatospecific contrast agents. The typical MR
imaging features of FNH include the presence of a
central scar, arterial enhancement, and sustained
enhancement in the venous phases. FNH usually
shows iso to slightly hypointensity on T1 and iso to
slightly hyperintensity on T2 weighted images. FNH
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Figure 1 Magnetic resonance imaging showing a typical large focal nodular hyperplasia in 2005 (A-C) with complete spontaneous regression after
7 years of follow-up (D-F). Gd-BOPTA-enhanced magnetic resonance imaging showed a large hypervascular lesion on arterial phase imaging (A), with iso to
hypoenhancement on the delayed venous phase (B), and uptake of Gd-BOPTA on the 2 h delayed hepatobiliary phase (C). Note the central scar inside the lesion (white
arrow). In 2012, MRI with the same contrastographic sequences demonstrated complete resolution (D-F), with residual subcentimeter scarring (red arrow).

nodules appear as bright, or brighter, than normal
liver parenchyma on the hepatobiliary phase of MRI
[8-10]
performed with such agents
, avoiding the need for
imaging-guided biopsy.
The pathogenesis and natural history of FNH re
[1-6]
main largely unknown . A possible aetiological link
to endogenous oestrogens has been considered given
the female predominance and peak incidence during
[1]
childbearing years . Exogenous oestrogens might
also promote growth and marked vascular changes
in FNH, and are usually discontinued in patients with
[12-14]
FNH
. Regression has been reported following
[13-15]
withdrawal of the oral contraceptive pill
. To our
knowledge, in the English literature there is no report
illustrating a complete regression of giant FNH but
only studies of decreasing in size. The available data
is limited and conflicting, with some studies reporting
that neither the size nor the number of FNH lesions
[3,4]
were influenced by oral contraceptive use
and that
pregnancy was also not associated with FNH changes
[16]
or complications .
Therefore, the relationship between low-dose oes
trogen, pregnancy and FNH remains controversial.
In our patient, discontinuation of oral contraceptive
use and two childbirths may have influenced the
natural history of FNH. The present case suggests that
asymptomatic FNH could be managed conservatively
with discontinuation of the oral contraceptive pill, since
this might promote spontaneous regression.
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Case characteristics

The authors report a patient with giant focal nodular hyperplasia (FNH) of the
liver, in whom the complete spontaneous regression of the lesion was observed
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The patient remained asymptomatic and was doing well.
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No pathological diagnosis.

Treatment

Discontinuation of the oral contraceptive pill.

Related reports

Regression of FNH has been reported following withdrawal of the oral
contraceptive pill. To our knowledge, in the English literature there is no report
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Abstract
Hepatosplenic T-cell lymphoma (HSTCL) is a rare nonHodgkin lymphoma with a high mortality rate. Higher
incidence is reported in patients with inflammatory
bowel disease, specifically in male patients that are
younger than 35 years, and have been treated with
thiopurine and tumor necrosis factor (TNF)-α inhibitor
combination therapy for over 2 years. In this case
report we describe a 47-year-old patient with Crohn’s
disease (CD) who developed HSTCL after having been
treated with thiopurine monotherapy for 14 years. To
our best knowledge, only eleven cases exist of patients
with CD who developed HSTCL while on thiopurine
monotherapy. We report the first patient with CD, older
than 35 years, who developed HSTCL while on thiopurine
monotherapy. This emphasizes that HSTCL risk is not
limited to young men receiving both thiopurines and
TNF-α inhibitors.
Key words: Hepatosplenic T-cell lymphoma; Thiopurine;
Crohn’s disease; Immunosuppression
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Core tip: In this manuscript we provide an overview
of all known cases in literature with Crohn’s disease
(CD) who developed hepatosplenic T-cell lymphoma
(HSTCL) while on thiopurine monotherapy. In addition,
we present our case of a patient with CD on thiopurine
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monotherapy who developed HSTCL at a relatively old
age. This emphasizes that HSTCL may develop at all
ages, even when the patient is solely on thiopurine
monotherapy.
van de Meeberg MM, Derikx LAAP, Sinnige HAM, Nooijen P,
Schipper DL, Nissen LHC. Hepatosplenic T-cell lymphoma in a
47-year-old Crohn’s disease patient on thiopurine monotherapy.
World J Gastroenterol 2016; 22(47): 10465-10470 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v22/i47/10465.htm
DOI: http://dx.doi.org/10.3748/wjg.v22.i47.10465

INTRODUCTION
Hepatosplenic T-cell lymphoma (HSTCL) is a rare
subtype (1%) of peripheral T-cell non-Hodgkin
[1]
lymphomas . It is an extranodal and systemic
neoplasm deriving from cytotoxic T-cells, usually with
[2]
a gamma-delta (γδ)-T-cell receptor type . These
atypical lymphocytes display global infiltration in the
splenic red pulp and in the intrasinusoidal space in the
[3]
liver and bone marrow . As a consequence, patients
present with hepatomegaly (77%), splenomegaly
(96%), constitutional symptoms (70%), anemia
(85%), thrombocytopenia (89%), leukopenia (72%)
and liver enzyme abnormalities (46%), in the absence
[3]
[4]
of lymphadenopathy . HSTCL mainly affects male
[1,3]
adults with a median age of 20 to 35 years . HSTCL
has a rapidly progressive course with a mean overall
survival less than 16 mo, regardless of the available
treatment modalities (chemotherapy, splenectomy,
[3]
bone marrow or stem cell transplantation) .
The incidence of the highly lethal HSTCL is very
[1]
low in the general population . However, at least 10%
of HSTCL arises in inflammatory bowel disease (IBD)
patients treated with immunomodulatory therapy
(thiopurines and/or tumor necrosis factor (TNF)-α
[3]
inhibitors) . This results in an increased HSTCL risk
in IBD patients compared to the general population,
[1,5]
although the absolute risk remains low . Especially
men younger than 35 years with Crohn’s disease (CD)
who are treated with thiopurines and TNF-α inhibitor
combination therapy for at least two years are at
[4]
increased risk . The estimated absolute risk to develop
HSTCL in IBD patients treated with combination
therapy is 1:22000 in general and 1:3534 for men
younger than 35 years old. By contrast, IBD patients
on thiopurine monotherapy had an estimated absolute
risk of 1:45000 and 1:7404 in general IBD patients
[4-6]
and men younger than 35 years old, respectively .
IBD patients with HSTCL have a poor prognosis with a
[7,8]
median survival of seven to eight months .
In this case report, we present a 47-year-old male
CD patient on thiopurine monotherapy. To our best
knowledge, this is the first case report describing an
IBD patient on thiopurine monotherapy who developed
HSTCL at an age older than 35 years.
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CASE REPORT
A 47-year-old Caucasian man with CD presented at
our hospital with painless icterus, weight loss and
malaise, without fever. He had a 33-year history of
penetrating CD in the colon (Montreal Classification L2,
B3 + P) and was treated with thiopurine monotherapy
at presentation. Initial CD treatment had consisted
of budesonide and mesalamine which was followed
by azathioprine 150-200 mg per day for 14 years.
Subsequently, he received infliximab at the age of
33 (three doses, remission induction therapy) and
36 (maintenance therapy for one-and-a-half years,
discontinued due to neurologic side-effects). During
his course of CD, he underwent both right and left
hemicolectomy (at the age of 18 and 30 years, res
pectively) and received a permanent ileostomy at the
age of 41 due to active perianal fistulating disease in
the three years before. CD had been in remission in
the five years preceding presentation at our hospital.
Physical examination of our patient revealed
hepatosplenomegaly in the absence of lympha
denopathy, which was confirmed by computed
tomography and positron emission tomography
(Figure 1). Laboratory testing indicated anemia,
thrombocytopenia and liver test abnormalities (Table
1A). Imaging did neither reveal dilated bile ducts nor
other (obstructive) abnormalities. Furthermore, viral
causes of hepatitis, including Epstein-Barr virus, were
excluded by serology. Based on these results, we
suspected an hematological malignancy and performed
a liver and bone marrow biopsy. Liver biopsy
showed sinusoidal and portal infiltration of atypical
lymphocytes (Figure 2). Immunophenotyping of both
biopsies confirmed a T-cell population with the surface
proteins listed in Table 1B. Based on these biopsies, γδ[1]
HSTCL was diagnosed .
Following the diagnosis of HSTCL, high dose
corticosteroids (125 mg per day) were administered,
followed by chemotherapy (CHOP regimen; cyclopho
sphamide, hydroxydoxorubicin, vincristine and pre
dnisone). Despite this treatment, both clinical and
biochemical parameters rapidly deteriorated and
the patient died 21 d post-diagnosis due to massive
esophageal bleeding, secondary to therapy-induced
mucositis.

DISCUSSION
In this case report, we presented a male CD patient
who developed HSTCL at the age of 47 years and after
having been on thiopurine monotherapy during 14
years. Remarkably, this rare malignancy developed at
an age older than 35, which is in contrast with previous
cases in patients on thiopurine monotherapy. As HSTCL
is very rare, and controlled cohort studies are lacking,
this case report may contribute to the assessment of
HSTCL risk and its relation with immunosuppressive
[7]
therapies .
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Table 1 Results of our patient
A: laboratory findings

B: immunophenotyping of liver and bone marrow biopsy

Analysis (Unit)

Results

Reference value

Immunophenotype

Results

4.6
42
7.7
175
265
154
250
437
701

4.0-10.0
150-400
8.5-11.0
0-17
0-125
0-45
0-34
0-44
0-247

CD 2 and 3
CD 4 and 5
CD 7
CD 8
CD 16
CD 56
γδ-T-cell receptor
TIA

+
+
+/+
+
-

9

White blood cell count (× 10 /L)
Platelet count (× 109/L)
Hemoglobin (mmol/L)
Bilirubin (µmol/L)
ALP (IU/L)
GGT (IU/L)
ASAT (IU/L)
ALAT (IU/L)
LDH (IU/L)

Typical HSTCL

[1,3]

+
+/+/+
+
+

ALP: Alkaline phosphatase; ASAT: Aspartate transaminase; ALAT: Alanine transaminase; GGT: γ-glutamyl- transferase; LDH: Lactate dehydrogenase; TIA:
T-cell restricted intracellular antigen.

Table 2 Number of Crohn’s disease cases with hepatosplenic
[7,15]
T-cell lymphoma
Age
> 35 year
< 35 year
Total

Figure 1 Positron emission tomography showing hepatosplenomegaly
with increased metabolic activity in liver, spleen and bone marrow. Left:
Coronal plane; Right: Sagittal plane.

IBD patients, especially CD patients, are twice
more likely to develop any lymphoma, regardless
[9,10]
of immunosuppressive treatment
. The risk to
develop HSTCL is also increased in auto-immune
[11,12]
disorders like rheumatoid arthritis
, specifically in
those patients, treated with TNF-α inhibitors, and in
immunocompromised patients with, among others,
[3]
renal or heart transplant .
In IBD patients, thiopurine treatment is associated
with a significantly increased overall risk (rate ratio
[13]
of 1.41) of developing cancer , specifically nonmelanoma skin cancer, urinary tract cancers and
lymphoproliferative disorders (multivariate adjusted
[10,14]
hazard ratio of 5.28)
.
More specifically, thiopurines promote development
of lymphomas: a recent meta-analysis found an
overall standard incidence ratio for lymphoma of
5.7 in IBD patients receiving thiopurines, but not in
patients formerly treated with thiopurines or patients
[4]
who had never used these drugs . The excess risk
can be reversed by thiopurine withdrawal. Thiopurine
cytotoxicity is mediated by the incorporation of
6-thioguanine during DNA replication in targeted
cells, instead of guanine, which ultimately leads to
[10]
apoptosis .
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Combination therapy

Monotherapy

Total

7
20
27

0
11
11

7
31
38

Previous studies showed a higher absolute risk
of developing HSTCL in patients receiving both
thiopurines and TNF-α inhibitors, compared to patients
[4-6]
on thiopurine monotherapy
. Furthermore, a
review including 25 IBD patients with HSTCL reported
an increased HSTCL risk in those on thiopurine
monotherapy compared to patients using TNF-α
[11]
inhibitor monotherapy .
Duration of immunosuppressive therapy may also
influence the risk of developing HSTCL. For example,
more than 80% of HSTCL cases occur in the first
[12]
two years after initiation of combination therapy .
Median time from initiation of thiopurines to HSTCL
development did not significantly differ between
patients on thiopurine monotherapy and combination
[4]
therapy (5.5 years vs 6 years, P = 0.39) .
A review of the literature revealed 38 cases of
γδ-HSTCL in patients with CD, including 27 patients
on combination therapy and 11 on thiopurine
[7,15]
monotherapy (Tables 2 and 3)
. In contrast to these
previous cases, our patient developed HSTCL after a
longer period of thiopurine treatment (14 years vs a
mean time of 5 years in the previously reported cases)
and at an older age (47 years). HSTCL in general
mainly affects men with a median age of 20 to 35
[1,3,4]
years
. Only 7 CD cases are known to develop
HSTCL at an age older than 35, all of them were
[7,15]
receiving combination therapy (Table 2)
. Time to
HSTCL development following initiation of thiopurine
treatment was reported in three cases, including
5.5, 7.3 and 13.5 years. In addition, all ulcerative
colitis patients on thiopurine monotherapy (7 cases)
[4,5]
developed γδ-HSTCL below the age of 35 . Finally,
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Figure 2 Liver biopsy showing hepatosplenic T-cell lymphoma. Left: Hematoxylin and eosin staining (magnification × 100) showing intrasinusoidal and portal
infiltration of atypical lymphocytes; Right: CD3 staining (magnification × 100) showing neoplastic cells (appearing in brown colour).

Table 3 Cases of γδ-hepatosplenic T-cell lymphoma in patients with Crohn’s disease on thiopurine monotherapy
Index

Age, sex

Years of thiopurine

Presentation

Treatment

Survival (mo)

treatment (type)
Index case
Selvaraj et al[7] 2013 (AERS
6751796)
Selvaraj et al[7] 2013 (AERS
7554658)
Fowler et al[18] 2010
Fowler et al[18] 2010

47, M
18, M

14 (AZT)
< 1 (AZT, 6MP)

HSM, icterus, anemia, thrombocytopenia
NS

Ch. (CHOP)
NS

<1
7

13, M

NS (6MP)

NS

NS

NS

19, M
22, M

6 (AZT)
8 (6MP)

Ch. (NS) + splenectomy
Ch. (NS)

4
Survival

Ochenrider et al[8] 2010

18, M

5 (6MP)

27, F
31, M

5 (AZT)
6 (6MP)1

Falchook et al[15] 2006
Mittal et al[21] 2006

NS
18, M

NS (6MP)
6 (AZT)

SM
Fever, pancytopenia, HSM

Navarro et al[22] 2003

35, M

5.6 (AZT)

Lémann et al[23] 1998

NS

4 (AZT)

Fever, night sweats, HSM, anemia,
thrombocytopenia
NS

Ch. (Pentostatin, ICE) +
auto-SCT
Interferon-α
Ch. (CHOP, cytarabine,
ESHAP)
Ch. (NS)
Ch. (IVE, ESHAP,
alemtuzumab
fludarabine) + allo-SCT
Ch. (NS) + splenectomy

7

Humphreys et al[19] 2008
Zeidan et al[20] 2007

SM, leucocytopenia
SM, night sweats, fever, abdominal
tenderness
Fever, night sweats, SM, anemia,
thrombocytopenia
Fever, nights sweats, pancytopenia, HSM
Chills, SM, fever, pancytopenia

NS

> 31
7
NS
NS

NS
NS

1

Received one single gift infliximab 51 mo before presentation, therefore considered as TNF-α inhibitor naive. AERS: Adverse Event Reporting System; AZT:
Azathioprine; Ch.: Chemotherapy; CHOP: Cyclophosphamide, hydroxydoxorubicin, vincristine and prednisone; EHSAP: Etoposide, methylprednisolone,
cytarabin, cisplatin; ICE: Ifosphamide, carboplatin, etoposide; IVE: Ifosphamide, carboplatin and etoposide; NS: Not specified; (H)SM: (hepato)splenomegaly;
SCT: Stem cell transplantation; 6MP: 6-mercaptopurine.

our patient had a very short survival (21 d) in contrast
to previous cases (Table 3) with a median survival of 7-8
mo.
The proven benefit of thiopurines in combination
with TNFα inhibitors to maintain corticosteroid
free clinical remission and mucosal healing should
outweigh the risk of serious infections and secondary
[16]
malignancies, such as untreatable lymphoma .
Therefore, the recent published European Crohn’s and
Colitis Organisation guideline recommends to limit
the duration of combination therapy to 2 years, if
[10]
possible . In addition, de-escalation of monotherapy
(drug cessation or dose reduction) has to be considered
to reduce risk of secondary malignancies. Several
factors impact this decision, such as disease phenotype
and extent, duration of remission, prior surgery,
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and a history of cancer. Given the prolonged clinical
remission in our case, thiopurine withdrawal could have
been considered to reduce HSTCL risk, although the
extensive, relapsing disease course including surgery
[17]
called for prolonged therapy .
This case report presents the first IBD patient
on thiopurine monotherapy for an extended period
of time, who developed a γδ-HSTCL at an age older
than 35 years. This highlights the clinical relevance of
knowledge and awareness of HSTCL risk in patients
with CD on immunomodulatory therapies.

COMMENTS
COMMENTS
Case characteristics

A 47-year-old male with Crohn disease with painless icterus, weight loss
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and malaise.

7

Clinical diagnosis

Hepatosplenomegaly in the absence of lymphadenopathy and fever.

Differential diagnosis

8

Laboratory diagnosis

9

Bile duct abnormalities, toxic hepatitis, viral hepatitis, liver cirrhosis.

Anemia, thrombocytopenia and liver test abnormalities.

Imaging diagnosis

Hepatosplenomegaly, with increased metabolic activity in liver, spleen and bone
marrow.

10

Pathological diagnosis

Hepatosplenic T-cell lymphoma (HSTCL).

Treatment

11

Chemotherapy.

Related reports

There are only 38 known cases of HSTCL in Crohn’s disease (CD) of wich
eleven were using thiopurine monotherapy. This is the first patient with CD,
older than 35 years, to develop HSTCL while on thiopurine monotherapy.

Term explanation

HTSCL is a rare and letal lymphoma with an increased risk by using thiopurines
monotherapy or thiopurine TNF-α inhibitors combination therapy.

Experiences and lessons

Authors are emphasizing that HSTCL risk is not limited to young males
receiving both thiopurines and tumor necrosis factor-α inhibitors.

12

13

14

Peer-review

The literature is described well, the authors report in detail information regarding
the other patients affected from this rare condition. The review of the literature
pertaining to HSTCL in inflammatory bowel disease is through.

16
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Abstract
Gastric sarcoidosis with noncaseating granuloma is rare.
Although corticosteroid produces a dramatic clinical
response, it is unknown whether azathioprine show
efficacy in prednisolone-dependent cases. Here, we
report a case of gastric sarcoidosis in a 25-year-old man
with severe epigastlargia. Gastroendoscopy revealed
multiple map-like ulcerations. Histological examination
showed multiple noncaseating granulomatous lesions
in gastric mucosa, which were incompatible with
diagnoses of Crohn’s disease or tuberculosis. He was
started on prednisolone at 30 mg/d, and his symptoms
improved within 7-d. The prednisolone was gradually
tapered by 5 mg every 2-wk, but oral azathioprine at
50 mg was added after symptoms recurred at tapered
dose of 10 mg. Endoscopy 4-wk later showed healing
ulcers, and, lymphocytic infiltration was absent.
The efficacy of additional azathioprine in gastric sar
coidosis is not well defined. Here, we report a case
of prednisolone-dependent gastric sarcoidosis that
improved after additional azathioprine, and also review
the literature concerning the treatment, especially for
prednisolone-dependent cases.
Key words: Azathioprine; Granulomatous inflammation;
Prednisolone; Gastric sarcoidosis; Helicobacter pylori
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Core tip: Gastric sarcoidosis is often difficult to detect
because of the relative lack of symptoms. Although the
abdominal symptoms and endoscopic findings improve
in most gastric sarcoidosis cases after corticosteroids,
additional therapy, azathioprine, may be required to
improve symptoms and to decrease the dosage of
prednisolone.
Murata M, Sugimoto M, Yokota Y, Ban H, Inatomi O, Bamba
S, Kushima R, Andoh A. Efficacy of additional treatment with
azathioprine in a patient with prednisolone-dependent gastric
sarcoidosis. World J Gastroenterol 2016; 22(47): 10471-10476
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i47/10471.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i47.10471

INTRODUCTION
Compared with the lung, heart, skin, eye and nervous
system, it is rare for the gastrointestinal tract to
be the primary organ affected by sarcoidosis. In
a recent epidemiologic report, the prevalence of
gastrointestinal sarcoidosis was only 1.6% among
[1]
Japanese patients with sarcoidosis . The stomach is
the most commonly affected organ in gastrointestinal
[2]
sarcoidosis . Characteristically, most cases are
asymptomatic and gastrointestinal symptoms are
[3]
observed in only 0.1%-0.9% of patients . The gastric
lesions of sarcoidosis usually manifest as multiple
erosions, stricture or stenosis on gastrointestinal X-ray
fluoroscopy and endoscopy. The definitive diagnosis of
gastric sarcoidosis requires histopathological evaluation
of these lesions, which show noncaseating epithelioid
granulomas. Gastric ulcers caused by Helicobacter
pylori (H. pylori) infection, intake of non-steroidal antiinflammatory drugs and Zollinger-Ellison syndrome
need to be excluded. In addition, other causes of
granulomatous gastritis, including Crohn’s disease,
Whipple’s disease, reaction to malignancy or foreign
body, tuberculosis, histoplasmosis and syphilis also
[4]
need to be excluded . With regard to pharmacological
treatment, corticosteroids are the first-line treatment
for gastric sarcoidosis with severe symptoms or any
complication, and 66% of patients treated with a
[4]
corticosteroid obtained relief of epigastralgia . However,
it is controversial whether administration of immuno
suppressive agents, including azathioprine, is effective
in patients who are corticosteroid-dependent or in
refractory cases.
Here, we report a case of corticosteroid-dependent
gastric sarcoidosis in which the dose of corticosteroid
could be tapered by adding azathioprine. We also
reviewed the literature concerning the treatment
of gastric sarcoidosis, particularly for prednisolone-
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dependent or -refractory cases.

CASE REPORT
A 25-year-old Japanese man presented with hema
temesis from a Dieulafoy’s lesion on the lesser
curvature of the gastric body, accompanied by nausea,
epigastric discomfort and severe epigastralgia. Gastric
endoscopy showed multiple map-like ulcerative lesions
and scars on the greater curvature of the body to
fornix and atrophic gastritis with H. pylori infection
(Figure 1A and B), while magnifying endoscopy with
narrow-band imaging showed no specific abnormal
microsurface pattern and a microvascular pattern
suggestive of a gastric cancerous lesion (Figure 1C).
Endoscopic ultrasonography showed an irregular
thickness of the second layer of the gastric wall
without evidence of invasion into the third layer (Figure
1D). Histopathological findings of biopsy specimens
from the ulcer edge revealed multiple noncaseating
granulomatous lesions in the mucosal layer of the
gastric wall (Figure 2A and B). In addition, there were
no significant or specific histopathological findings
suggestive of Crohn’s disease, Whipple’s disease,
reaction to malignancy or foreign body, tuberculosis,
histoplasmosis or syphilis. Chest computed tomography
showed an infiltrative shadow and a pulmonary
nodule, but no involvement of the heart, skin, eyes or
nervous system. Despite administration of a proton
pump inhibitor (PPI) and H. pylori eradication therapy
with lansoprazole, amoxicillin and clarithromycin, his
gastrointestinal symptoms and endoscopic findings
did not improve in the three to six months after the
initiation of therapy.
Gastric sarcoidosis was diagnosed based on the
above results and a prednisolone was started orally at
30 mg per day. His gastrointestinal symptoms improved
within 7 d. After improvement of symptoms, the dose
of the prednisolone was gradually tapered by 5 mg
every fortnight. However, similar symptoms recurred
when the dose reached 10 mg, which was suggestive
of corticosteroid-dependent gastric sarcoidosis. As
an additional treatment, oral azathioprine at 50
mg was given, and alleviation of symptoms was
achieved with 30 mg of prednisolone and 50 mg of
azathioprine. Four weeks after combined treatment,
endoscopy revealed healing ulcers (Figure 3A and 3B)
and histopathologically, granuloma and infiltration of
inflammatory cells were absent in the gastric mucosal
tissue (Figure 3C and D). Although the prednisolone
was gradually tapered, he has had no return of
abdominal symptoms.

DISCUSSION
We reported a rare case of prednisolone-dependent
gastric sarcoidosis that improved after additional
azathioprine therapy. This case had multiple map-like
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A

B

C

D

Figure 1 Gastroendoscopy findings before corticosteroid treatment. A, B: Multiple map-like ulcerative lesions and ulcer scars are seen on the greater curvature
of the body to the fornix and atrophic gastritis with Helicobacter pylori infection; C: Magnifying narrow-band imaging shows the absence of epithelial change at the
edge of the ulcer; D: Endoscopic ultrasonography reveals thickness and irregularity in the second layer of the gastric wall.

A

B

Figure 2 Histopathologic findings of the gastric mucosal biopsy specimen before corticosteroid treatment. The mucosal layer of the gastric wall shows multiple
noncaseating granulomas and infiltration of inflammatory cells, especially lymphocytes. A: HE, magnification × 10; B: HE, magnification × 20. HE: Hematoxylin and eosin.

ulcerative lesions and scars on endoscopy and severe
abdominal symptoms caused by diffuse infiltration of
inflammatory cells and mucosal fibrosis that narrowed
the gastric lumen. This case also showed upper
gastrointestinal bleeding from Dieulafoy’s lesion in
the lesser curvature of the gastric body; it has been
reported that about 25% of gastric sarcoidosis patients
[5]
present with upper gastrointestinal bleeding . In
most cases of systemic sarcoidosis and also gastric
sarcoidosis, administration of corticosteroid is effective
in improving symptoms and decreasing the activity of
sarcoidosis. Although there is limited evidence for the
efficacy of immunosuppressive agents in sarcoidosis,
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azathioprine may be an option in the treatment of
prednisolone-depending gastric sarcoidosis.
The proportion of Japanese sarcoidosis patients
[1]
with gastrointestinal sarcoidosis is only a few percent .
However, because gastric noncaseating granuloma
formation has coincidentally been reported in up
[6,7]
to 10% of patients with pulmonary sarcoidosis ,
gastric sarcoidosis should be considered as a potential
diagnosis even in patients who are under long-term
observation for systemic sarcoidosis. In general,
gastrointestinal screening by endoscopy is required for
patients with sarcoidosis who have persistent or severe
epigastric symptoms or upper gastrointestinal bleeding.
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Figure 3 Gastroendoscopy and histopathologic findings after concomitant treatment with corticosteroid and azathioprine. A, B: Most of the sarcoidosisrelated gastric ulcers in the fornix are healed; C, D: Gastric mucosal granuloma and lymphocytic infiltration is decreased; C: HE, magnification × 10; D: HE,
magnification × 20. HE: Hematoxylin and eosin.

Because a large number of gastric sarcoidosis cases
are clinically asymptomatic, it is hard to clarify the
incidence of gastric sarcoidosis.
Although infiltration of inflammatory cells and
noncaseating granuloma formation in gastrointestinal
sarcoidosis can be observed histopathologically in all
layers from the mucosa to the subserosa, the diagnosis
of gastric sarcoidosis is difficult to reach without
evidence of sarcoidosis-related lesions in other organs.
Histological evaluation is required to diagnose gastric
sarcoidosis and to establish a definitive diagnosis of
gastric sarcoidosis based on three components, as
follows. First, there is histopathological evidence of
noncaseating granulomas in the “symptomatic or
incident organ”. Second, other granulomatous diseases,
especially mycobacterial, fungal and parasitic infections,
should be excluded. Third, clinical and radiographic
evidence, and optimally, histopathologic evidence,
of sarcoidosis in at least one other organ should be
[8]
obtained . This case was histopathologically proven to
have noncaseating granulomas in the stomach without
evidence of other granulomatous disease.
The treatment for gastric sarcoidosis depends on
the status of symptoms, and asymptomatic patients
do not require any specific therapy. Although antiacid therapy, including PPIs, may have efficacy in
gastric sarcoidosis as well as peptic ulcer and gastro
esophageal reflux disease, improvement with PPIs
[9]
alone is limited . Therefore, prednisone at 30 to 40
mg a day is the first-line treatment for symptomatic
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[4,5]

patients . If symptoms and granulomas disappear
histologically, prednisone is gradually tapered to a
maintenance dose of 10 to 15 mg daily, guided by
clinical response, over a period of approximately six
months. In a case series, two-thirds of symptomatic
gastric sarcoidosis patients on oral corticosteroids
improved, while the remaining patients were refractory
[5]
to corticosteroid therapy and required gastrectomy .
Additional treatment is required in prednisolonedependent cases, refractory cases or cases with severe
side effects, and azathioprine and methotrexate are
[10,11]
second-line drugs for systemic sarcoidosis
. Studies
have described the efficacy of azathioprine treatment
in patients with systemic sarcoidosis affecting the
lungs, skin, musculoskeletal system and nerves was
[10-15]
reported
. At present, few cases of sarcoidosis
are treated with azathioprine, and no randomized
comparison trials or large case series have been
reported. However, efficacy has been reported in small
[10-15]
case series and case reports
; in these studies,
azathioprine was generally used as a supplement
[14,16-19]
to corticosteroid rather than as a single drug
,
and 50%-73% of patients with systemic sarcoidosis
exhibited clinical improvement. Azathioprine affects
the synthesis of ribonucleic acid and deoxyribonucleic
acid, thereby inhibiting lymphocyte proliferation.
Cellular immunity is suppressed to a greater degree
than humoral immunity, but the exact mechanism is
not clear. Although the role of immunosuppressive
therapy in gastric sarcoidosis is not well defined, in
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2008, Leeds et al reported the case of a patient with
gastric sarcoidosis who presented with irritable bowel
syndrome-related symptoms but who subsequently
responded to azathioprine. In our patient with pred
nisolone-dependent gastric sarcoidosis, additional
azathioprine therapy dramatically improved the severe
gastric symptoms, suggesting that azathioprine may
be an option in refractory cases.
There is no evidence for the optimal duration of
azathioprine treatment for sarcoidosis patients. Aza
thioprine treatment often results in gastrointestinal
symptoms (e.g., nausea, vomiting and diarrhea),
[21]
pancytopenia, hepatotoxicity and infection . Particu
larly in patients with rheumatism and inflammatory
bowel disease, chronic immunosuppression with
azathioprine increases the risk of malignancy, including
post-transplant lymphoma and hepatosplenic T-cell
[22,23]
lymphoma
. The development of complications and
adverse effects should therefore be considered.
Gastric sarcoidosis is often difficult to detect because
of the relative lack of symptoms, and its diagnosis
requires evidence of the involvement of other organs.
We experienced a rare case of prednisolone-dependent
gastric sarcoidosis that improved after additional azathi
oprine therapy. Although the abdominal symptoms and
endoscopic findings improve in most gastric sarcoidosis
cases after corticosteroids, additional therapy may be
required to improve symptoms and to decrease the
dosage of prednisolone. Although the accumulation of
additional cases is needed to determine the optimal
treatment of gastric sarcoidosis, our present case
indicates that azathioprine is effective for steroiddependent gastric sarcoidosis.

Treatment

In corticosteroid-dependent gastric sarcoidosis, an additional treatment with
azathioprine was performed and the dose of corticosteroid could be tapered
after improvement of abdominal symptoms.

Related reports

Additional treatment of azathioprine and methotrexate as second-line drugs is
required for prednisolone-dependent gastric sarcoidosis cases, refractory cases
or cases with severe side effects.

Experiences and lessons

Although the abdominal symptoms and endoscopic findings improve in most of
gastric sarcoidosis cases after oral administration of corticosteroids, additional
therapy may be required to improve symptoms and to decrease the dosage of
prednisolone in prednisolone-dependent cases, refractory cases or cases with
severe side effects.

Peer-review

The paper is well written.
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Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

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

Guatemala
Carlos Maria Parellada, Guatemala

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

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

Indiad
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
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Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

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

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

IV

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

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



Angelo Zullo, Rome

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

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

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

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

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

Morocco
Samir Ahboucha, Khouribga

VI

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

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

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

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

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

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

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

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
Abdulbari Bener, Doha

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

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

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

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

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

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

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

VII

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

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala
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Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

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

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

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
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United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Abstract
Proton pump inhibitors (PPIs) represent a milestone
in the treatment of acid-related diseases, and are the
mainstay in preventing upper gastrointestinal bleeding
in high-risk patients treated with nonsteroidal antiinflammatory drugs (NSAIDs) or low-dose aspirin.
However, this beneficial effect does not extend to the
lower gastrointestinal tract. PPIs do not prevent NSAID
or aspirin-associated lower gastrointestinal bleeding
(LGB). PPIs may increase both small bowel injury
related to NSAIDs and low-dose aspirin treatment and
the risk of LGB. Recent studies suggested that altering
intestinal microbiota by PPIs may be involved in the
pathogenesis of NSAID-enteropathy. An increase in
LGB hospitalization rates may occur more frequently
in older patients with more comorbidities and are
associated with high hospital resource utilization,
longer hospitalization, and increased mortality.
Preventive strategies for NSAID and aspirin-associated
gastrointestinal bleeding should be directed toward
preventing both upper and lower gastrointestinal
damage. Future research should be directed toward
identifying patients at low-risk for gastrointestinal
events associated with the use of NSAIDs or aspirin to
avoid inappropriate PPI prescribing. Alternatively, the
efficacy of new pharmacologic strategies should be
evaluated in high-risk groups, with the aim of reducing
the risk of both upper and lower gastrointestinal
bleeding in these patients.
Key words: proton pump inhibitor; small bowel; small
bowel; lower gastrointestinal bleeding; nonsteroidal
anti-inflammatory drugs
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Proton pump inhibitors (PPIs) reduce the risk
of upper, but not lower gastrointestinal bleeding (LGB)
in patients receiving nonsteroidal anti-inflammatory
drugs (NSAIDs) or low-dose aspirin. PPIs could
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exacerbate small bowel damage related to NSAIDs and
low-dose aspirin, which contributes to an increased risk
of LGB possibly related to pathological modifications
of small bowel microbiota. LGB is a life-threatening
condition, especially in older patients with comorbidities
treated with NSAIDs, aspirin, or anticoagulants. No
accepted treatments exist for decreasing the risk of
LGB in these patients. Future research is needed on
reducing inappropriate PPI use and evaluating possible
pharmacologic interventions to decrease the risk of
gastrointestinal bleeding.
Lué A, Lanas A. Protons pump inhibitor treatment and lower
gastrointestinal bleeding: Balancing risks and benefits. World J
Gastroenterol 2016; 22(48): 10477-10481 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10477.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10477

INTRODUCTION
Proton pump inhibitors (PPIs) are one of the most
prescribed drugs worldwide. PPIs are used to treat acidrelated disorders like gastro-esophageal reflux disease
peptic ulcer, peptic ulcer bleeding, and Helicobacter
pylori infection when combined with antibiotics. PPIs
should also be considered in any patient with risk
factors for gastrointestinal bleeding who receives
treatment with nonsteroidal anti-inflammatory drugs
(NSAIDs) or prophylaxis for cardiovascular events with
[1]
aspirin or other antiplatelet agents .
Treatment with NSAIDs, low-dose aspirin, other
antiplatelet drugs, and anticoagulation are associated
with an increased risk of both upper and lower
gastrointestinal bleeding (LGB). Concomitant treatment
with these compounds and PPIs has been associated
with a decreased risk of upper gastrointestinal bleeding
(UGB) but, obviously, not with an increased risk of LGB.
The beneficial effect of PPIs is not expected to occur
beyond the duodenum because NSAID-gastropathy,
but not NSAID-enteropathy, is a pH-dependent
phenomenon and gastroduodenal mucosal protection
[2]
by PPIs is due mainly to their antisecretory effects .

PROTON PUMP INHIBITOR
TREATMENT AND RISK OF LOWER
GASTROINTESTINAL BLEEDING
In a recent case-control study that included 1008
patients hospitalized for gastrointestinal bleeding,
treatment with NSAIDs, low-dose aspirin, other
antiplatelet agents, and anticoagulants increased the
risk of both UGB and LGB. In this work, concomitant
use of PPI was associated with a reduced risk of UGB
[3]
but not LGB . In fact, there was a significant increase
in the risk of LGB with PPI use, which has also been
[3-8]
detected by other authors . Due to the intrinsic nature
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of observational studies, the finding was explained as
probably due to a “confounding by indication” bias.
PPI use could be a marker of a group of patients that
have an increased risk of LGB because of their clinical
[3]
characteristics rather than the PPI use itself . In a
previous study, we observed that among patients on
dual antiplatelet treatment who received concomitant
PPI treatment, gastrointestinal bleeding events were
more frequent in the lower gastrointestinal tract
[9]
(74% vs 26%) . There are several potential reasons
explaining this change in the pattern of gastrointestinal
events, which include (1) a very high protective effect of
PPIs on the gastroduodenal mucosa associated with a
profound decrease in the rate of UGB and a relative (but
not absolute) increase in the proportion of LGB in lowdose ascorbic acid users; (2) an absence of the mucosal
protective effect of PPIs beyond the duodenum; (3) a
direct harmful effect of low-dose aspirin on the small
bowel; (4) promotion of bleeding of pre-existing lesions
by these compounds; and (5) exacerbation of NSAID[10-14]
and aspirin-enteropathy by PPI treatment
.
Lately, a hypothesis proposed that PPIs exacerbate
NSAID and low-dose aspirin-associated small bowel
injury by inducing changes in the intestinal micro
[15-17]
biota
. A multicenter, cross-sectional study including
data collected from endoscopic capsule explorations
from 205 patients treated with low-dose aspirin for 3
mo showed that 57.6% of patients had at least one
mucosal lesion. In the multivariate analysis, concomitant
PPI use (OR = 2.04; 95%CI: 1.05-3.97) and use of
enteric-coated aspirin (OR = 4.05; 95%CI: 1.49-11.0)
were independent risk factors for the presence of
[8]
mucosal injury . Similar results were observed in
patients receiving NSAIDs. In a recent randomized
clinical trial, 57 healthy volunteers were allocated to
receive celecoxib plus placebo or rabeprazole for 2 wk.
The patients were evaluated by capsule endoscopy at
the start and end of treatment. In the PPI group, the
authors observed an increased rate of small bowel
[6]
injury (44.7% vs 16.7%, P = 0.04) .
Some authors suggest that acid gastric suppression
induced by PPI treatment is related to changes in small
bowel microbiota and explain, at least in part, NSAIDinduced enteropathy. It is well known that in addition to
[18]
[19]
bile acids and inhibition of cyclooxygenase activity ,
bacterial mucosal translocation and the consequent
activation of the innate inflammatory cascade are
important factors in the pathogenesis of NSAID[20,21]
[17]
enteropathy
. In an animal model, Wallace et al
demonstrated that concomitant treatment with PPIs
and NSAIDs resulted in a higher rate of small bowel
mucosal ulceration and bleeding. The authors observed
that PPI treatment was related to a modification in the
small bowel microbiota, consisting of a decrease in
jejunal Actinobacteria and Bifidobacteria spp. In this
study, the restoration of physiologic microbiota with
[17]
probiotic treatment prevented intestinal injury .
Similar findings have been observed in human
subjects. A small randomized clinical trial, including 25
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patients treated with low-dose enteric-coated aspirin
and omeprazole randomized to either placebo or
probiotic treatment with Lactobacillus casei for 3 mo,
observed that patients in the probiotic group had a
significant decrease in the number of mucosal breaks
[15]
when evaluated by capsule endoscopy (P = 0.039) .
All these data suggest that PPI treatment not only
does not protect the lower gastrointestinal tract from
NSAID- and aspirin-related injury, but that they may
increase the intestinal mucosal damage and the risk
of LGB. We observed that the LGB hospitalization rate
[9,12,13]
has increased significantly in the past years
.
These LGB events occur more frequently in older
patients, who usually have a higher number of
comorbidities, and are associated with a longer hospital
[12]
stay and higher mortality rates . These events are
associated with greater use of hospital resources
and also complicate the management of patients at
[12]
discharge . A considerable percentage of patients
did not resume prophylactic treatment with low-dose
aspirin or anticoagulants after an acute episode of LGB,
[22]
increasing the risk of serious cardiovascular events .
A recent retrospective analysis including 295 patients
with a previous diagnosis of LGB and low-dose aspirin
observed that discontinuing low-dose aspirin is related
to a decreased risk in LGB recurrence (6.9% vs 18.9%;
P = 0.007), but increased the rates of mortality (26.7%
vs 8.2%, P = 0.001) and cardiovascular events (36.5%
[23]
vs 22.8%, P = 0.017) . This study is a clear example
of how difficult it is to find the right balance between
risks and benefits in these patients. On one side, there
is a need to reduce or prevent cardiovascular events
and on the other side there is an increased risk of LGB.

BALANCING RISK AND BENEFITS OF
PROTON PUMP INHIBITOR TREATMENT
Current clinical practice faces several dilemmas in
patients who need NSAIDs or aspirin, since damage
to the upper gastrointestinal tract must be prevented
without injuring the lower gastrointestinal tract. This
clinical dilemma is especially important in patients
who need, for example, preventive treatments against
cardiovascular disease and who have had a previous
LGB episode. Alternative therapeutic approaches with
non-aspirin antiplatelet agents poses a similar risk of
[3]
LGB as aspirin and many not be a valid option . The
same is true for patients who need NSAIDs, although
COX-2 selective NSAIDs have been shown to be less
damaging to the lower gastrointestinal tract than
[2,11,24]
traditional NSAIDs
. The addition of a PPI to
[6,10,17]
celecoxib increases intestinal mucosal damage
.
Therefore, future efforts must concentrate on finding
strategies that help clinicians in the decision making
process. The first relevant issue is to improve overall
PPI prescribing and avoid use of PPIs in patients at low
risk of gastrointestinal complications who take NSAIDs,
aspirin, other antiplatelet agents, or anticoagulants.
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PPIs are prescribed too often in routine clinical practice,
where at least 50% of prescriptions are for non[25]
approved indications . Therefore, the first step should
be to promote the proper use of these drugs. Identifying
patients at low risk of gastrointestinal events who
may not benefit from treatment with PPIs is essential.
Tools that could help physicians in the decision making
[26]
process are now available . On the other hand, we
have to reconsider whether current guidelines are
valid or respond to problems in daily clinical practice.
For example, the PPI treatment indication in patients
receiving NSAIDs is based on data from clinical trials of
chronic NSAID users. However, observational studies
suggest that the risk of gastrointestinal bleeding may
be higher when the drug use is recent, and most
[11]
patients take these drugs for short periods of time .
We also need more evidence to evaluate the risks of
upper and lower gastrointestinal bleeding with new
antiplatelet drugs, new oral direct anticoagulants, and
the multiple combinations available in order to better
assess the risks and benefits.
On the other hand, in patients at high risk for LGB,
preventive strategies are needed. This group includes
older patients, with a great number of comorbidities
[9,12,23]
who need more complex management
. As
mentioned above, in these patients LGB represents a
serious and life threatening complication. Currently,
there is no clear effective pharmacological treatment
to prevent LGB in NSAID, aspirin, or anticoagulant
users. Some studies have evaluated the effect of the
prostaglandin analogue misoprostol on small bowel
[7,27]
injury induced by NSAIDs
. Other mucosal prote
[28-31]
[32,33]
ctants such as rebamipide
, irsogladine
, or
[34,35]
geranylgeranylacetone
have been tested and are
only available in the Asia-Pacific region. Their potential
beneficial effects in these patients still need to be
evaluated in new studies.
In the same way, some studies have evaluated the
efficacy of probiotics in preventing lower gastrointestinal
tract injury among patients treated with NSAIDs or low[15,16]
dose aspirin
. The probiotic administered in these
two trials was Lactobacillus casei in patient treated with
low-dose aspirin, while patient treated with NSAIDs
®
received the probiotic mixture VSL#3 , that includes
Streptococcus thermophilus, Bifidobacterium breve,
Bifidobacterium longum, Bifidobacterium infantis,
Lactobacillus paracasei, Lactobacillus delbrueckii subsp.
Bulgaricus, Lactobacillus acidophilus and Lactobacillus
[15,16]
plantarum
. The results are promising and suggest
that pharmacological prophylaxis could be provided
by this strategy. However, more studies with a larger
number of patients are also needed. At present, there
is not sufficient evidence to recommend a specific
probiotic strain to prevent lower gastrointestinal
injury. However some bacteria have demonstrated
antiinflammatory activity and a protective effect on
intestinal mucosa. For example: (1) Lactobacillus GG
protect mucosal cells from apoptosis and increase
mucosal integrity; (2) Lactobacillus plantarum
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promotes mucine from epithelial cells; (3) Lactobacillus
reuterii and Lactobacillus casei have demonstrated
to suppress tumor necrosis factor production in vivo;
and (4) Streptococcus thermophillus and Lactobacillus
[36]
acidophilus could prevent bacterial translocation .

5

6

CONCLUSION
In conclusion, PPIs represent a milestone in the
treatment of acid-related disease. Moreover, PPIs
significantly reduce the risk of UGB in patients treated
with NSAIDs, low-dose aspirin, other antiplatelet agents,
or anticoagulants. This beneficial effect is not observed
in the lower gastrointestinal tract. Furthermore, recent
studies suggest that PPIs may in fact increase small
bowel injury and contribute to the observed increase
of LGB in the past years; however, results are contro
versial. Clinicians very often face clinical dilemmas and
need to balance the risks and benefits of treatment.
The use of aspirin in preventing cardiovascular disease
and the risk of gastrointestinal bleeding is one of
these situations. The dilemma is even more difficult to
resolve when one of the drugs (PPI) can have a dual
and opposite effect (beneficial to the upper GI tract
but damaging to the lower GI tract). Clinicians have
to evaluate carefully the risk of upper gastrointestinal
bleeding in patients that have a previous episode of LGB
in order to discontinue inappropriate administration of
PPI. Future research should be focused on identifying
patients at low risk for upper gastrointestinal bleeding
to avoid inappropriate PPI treatment and to evaluate
the efficacy of new pharmacologic strategies in highrisk groups. The aim of this strategy is to reduce the
risk of LGB in these patients while at the same time
providing the maximal beneficial effect to the upper
gastrointestinal tract.
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health problem worldwide. The underlying molecular
mechanisms are still poorly understood and no
efficient treatment strategies are available. This paper
introduces the sinusoidal pressure hypothesis (SPH),
which identifies an elevated sinusoidal pressure (SP)
as cause of fibrosis. SPH has been mainly derived
from recent studies on liver stiffness. So far, pressure
changes have been exclusively seen as a consequ
ence of cirrhosis. According to the SPH, however, an
elevated SP is the major upstream event that initiates
fibrosis via biomechanic signaling by stretching of
perisinusoidal cells such as hepatic stellate cells or
fibroblasts (SPH part Ⅰ: initiation). Fibrosis progression
is determined by the degree and time of elevated
SP. The SPH predicts that the degree of extracellular
matrix eventually matches SP with critical thresholds >
12 mmHg and > 4 wk. Elevated arterial flow and final
arterialization of the cirrhotic liver represents the selfperpetuating key event exposing the low-pressureorgan to pathologically high pressures (SPH part Ⅱ:
perpetuation). It also defines the “point of no return”
where fibrosis progression becomes irreversible. The
SPH is able to explain the macroscopic changes of
cirrhotic livers and the uniform fibrotic response to
various etiologies. It also opens up new views on the
role of fat and disease mechanisms in other organs.
The novel concept will hopefully stimulate the search
for new treatment strategies.
Key words: liver stiffness; stretch force; sinusoidal
pressure hypothesis; liver cirrhosis; hepatic arterial
buffer response; biomechanics; arterialization; hepatic
stellate cells; fibroblasts; cellular and intercellular
mechano-signaling
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
Independent of their etiology, all chronic liver diseases
ultimately lead to liver cirrhosis, which is a major
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Core tip: This paper introduces the sinusoidal pressure
hypothesis, which identifies an elevation of sinusoidal
pressure (SP) as cause of fibrosis/cirrhosis. Accordingly,
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elevated SP is the major upstream event that initiates
fibrosis progression via biomechanic signaling by
stretching of perisinusoidal cells. Fibrosis progression is
determined by the degree and time of elevated SP. The
cirrhotic extracellular matrix eventually matches the
degree of pressure. Arterialization of the stiff cirrhotic
liver represents the final self-perpetuating key event
exposing the low-pressure-organ to pathologically high
pressures. It also defines the “point of no return” where
fibrosis progression becomes irreversible.
Mueller S. Does pressure cause liver cirrhosis? The sinusoidal
pressure hypothesis. World J Gastroenterol 2016; 22(48):
10482-10501 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10482.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10482

INTRODUCTION
Liver cirrhosis is the final stage of all liver diseases and
[1]
associated with a high mortality worldwide . Never
theless, the pathophysiology is poorly understood
and, consequently, no targeted treatment options
exist despite intensive research activities over many
decades. This paper introduces the sinusoidal pressure
hypothesis (SPH), which identifies an elevation of sinu
soidal pressure (SP) as the cause of fibrosis. SPH is an
integrative concept derived from various biophysical,
cellular, hemodynamic and clinical findings. It has been
mainly stimulated by observations using the recently
developed transient elastography (TE) to measure liver
[2]
stiffness (LS) . Although TE was primarily introduced
to the liver community as diagnostic screening tool for
liver fibrosis, it has been rapidly learnt that pressureassociated conditions are important confounding factors
[3]
of elevated LS . Moreover and although long term
data are still scarce, it has increasingly become evident
that elevated LS per se is a prognostic unfavorable
condition and a predictor of liver-related mortality. In
contrast, a normal LS rules out manifest chronic liver
disease and fibrosis. Based on a first article published
[3]
in 2010 , a much more detailed concept is presented
here which has been encouraged by novel preliminary
findings as well as the resonance at various meetings
including the conferences of the German-Romanian
Society of Gastroenterology in Temeswar 2016 and the
EASL monothematic conference on fibrosis in Porto in
2016.
The term pressure hypothesis has now been
specified more precisely “SPH”. SPH is divided into
two parts: While part Ⅰ refers to pressure-mediated
fibrosis progression, the novel part Ⅱ encompasses
“arterialization” as an important step of self-per
petuation leading to continued pressure elevation in
the low-pressure-organ and defining the “point of no
return” with irreversible fibrosis progression. SPH could
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provide a major framework for a better understanding
of disease formation based on biomechanics. It will
hopefully lead to the design of novel experiments
and studies to undergo the meticulous process of
verification and falsification. Pressure as a driving force
of fibrogenesis could be used to better understand
the genetics, proteomics and metabolomics that
modulate pressure-mediated biomechanical processes
instead of focusing on the search of target genes in
e.g., genome wide studies. A major methodological
challenge is still the fact that SP per se cannot be
directly addressed by e.g., micro-sensors but it rather
requires the interpretation of indirect data combined
with common sense and logical reasoning. In the
long term perspective, it is hoped that SP may be
addressable directly with the recent development
of molecular “mechanic force sensors” still in status
[4]
nascendi . In addition, SPH draws a closer attention
to often overlooked mechanic aspects in biological
tissues that not only include hydrostatic pressure but
also the mechanic energy transferred by the cardiac
pulse wave and its absorption by hepatic tissue and
fat. Moreover, the SPH also opens up new views on the
mechanic role of fat and it may stimulate studies of
disease mechanisms in other organs.
Introducing pressure to the pathology of liver
fibrosis, SPH naturally addresses the important issue
of how to lower and modulate SP to prevent disease
progression. It is hoped that the concept of the SPH
may lead to a better individual patient selection and
optimized therapeutic concepts in the future. In the
following, SPH will be explained after providing a short
background and the description of hitherto unexplained
observations in the research area of cirrhosis. Cardiac
cirrhosis will be discussed in more detail since it
represents a rarely discussed non-inflammatory form
of pressure-associated cirrhosis. At the end, specific
consequences of SPH are discussed, their relation to
various clinical and preliminary findings and potential
future therapeutic directions.

BACKGROUND OF LIVER CIRRHOSIS:
DEFINITION AND CLINICAL IMPORTANCE
Chronic liver diseases frequently lead to scarring
(cirrhosis), a process in which the architectural orga
nization of functional liver units becomes disrupted.
Liver cirrhosis is the result of excessive accumulation
of extracellular matrix (ECM) with increased LS. This
is often accompanied by a progressive loss of organ
function despite the use of immunosuppressive, anti-viral
[5,6]
or anti-inflammatory agents . Excess ECM deposition
also causes progressive elevation of the hepatic vascular
resistance with important hemodynamic consequences
including portal hypertension, the formation of vascular
collaterals and the so-called hyperdynamic circulation
with elevated cardiac output and lowered arterial
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pressure . Moreover, liver cirrhosis is an important precancerogenic lesion finally resulting in hepatocellular
cancer (HCC). At present, HCC shows the second
fastest growth rate worldwide and ranks at third place
[8,9]
in cancer-related mortality . More than 90% of HCCs
develop in cirrhotic livers mostly due to alcoholic liver
[10,11]
disease (ALD) or chronic hepatitis C
. Currently,
progression of fibrosis to cirrhosis is most efficiently
blocked by treating the underlying disease but no
satisfying anti-fibrotic treatment regimen exists to
directly attack the fibrotic processes. Finally, it should
be mentioned that only a minority typically progress
towards cirrhosis while many patients with chronic liver
disease will never end up with cirrhosis. This variety is
largely affected by disease-related factors (for example,
viral genotype) or host-related factors (e.g., genetic/
[12]
epigenetic) .

BACKGROUND OF MOLECULAR
MECHANISMS OF HEPATIC
FIBROGENESIS: PRESENT
UNDERSTANDING AND UNEXPLAINED
OBSERVATIONS
The mechanisms of hepatic fibrosis are very complex
and so far not fully understood. A variety of adverse
stimuli such as hepatotoxins, viruses, bile acids and
hypoxia can trigger fibrogenesis and so-called reactive
oxygen species seem to play an important role in
[12]
fibrosis progression . The major proteins of the ECM
are collagens forming important scaffolds and barriers.
Collagen type Ⅰ, Ⅲ and Ⅳ are the most abundant
ECM components in the liver and their relative content
[13,14]
increases up to tenfold in cirrhosis
. In the acute
phase of liver disease fibrosis is a dynamic process,
in which fibrogenesis is usually counterbalanced
by fibrolysis, i.e., the removal of excess ECM by
proteolytic enzymes, most importantly by matrix
metalloproteinases (MMPs). With repeated injury or
sufficient severity, fibrogenesis prevails over fibrolysis,
resulting in excess ECM synthesis and deposition,
a downregulation of MMP synthesis, secretion and
activity along with an increase of the tissue inhibitors
of MMPs (TIMPs, especially TIMP-1). ECM components,
MMPs and TIMPs are mainly produced by activated
[15]
hepatic stellate cells (HSCs) and fibroblasts .
Activated macrophages (Kupffer cells) but also other
cells are a major source for fibrogenic cytokines
such as TGF-β, also called the master cytokine of
fibrosis development, that further stimulate HSCs
and fibroblasts to transdifferentiate into activated
myofibroblasts, the main cell type responsible for
excess matrix deposition at sites of tissue repair. Figure
1A depicts the conventional course of events ultima
tely leading to fibrosis. In this conventional concept,
increased matrix deposition results in elevated LS that
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is the final consequence of liver fibrosis (discussed
below). Despite the enormous progress in under
standing mechanisms of fibrogenesis, however, several
key observations in patients with liver cirrhosis cannot
be explained sufficiently so far:
(1) It is not clear why different liver etiologies
ranging from inflammatory, infectious, biliary, metabolic
or even non-inflammatory causes such as congestion
ultimately lead to histologically almost identical forms
of liver cirrhosis. Especially non-inflammatory causes
such as cardiac cirrhosis remain poorly understood
although they can develop the full scale of complications
ranging from portal hypertension to liver cancer. This
also refers to other rare hemodynamic causes of fibrosis
such as experimental portal ligation or the Budd-Chiari
syndrome. For a better overview, Supplemental Table
1 represents a list of different etiologies that all cause
fibrosis. This table also provides current information on
LS elevation and AST/ALT ratio that is relevant for the
discussions below.
(2) At present, typical macroscopic features of
cirrhosis such as large fibrous septa spanning over
several centimeters through the organ (Figure 1B)
cannot be explained e.g., by the action of local humoral
factors or profibrogenic cytokines such as TGFbeta. It
is also not clear why fibrous septa during conversion
of micro-nodular to macro-nodular cirrhosis may fuse
to very large septa. These septa may partly resolve
during regression of fibrosis after e.g., viral clearance.
(3) It is known that fibrosis can partly or even fully
reverse at earlier stages while end-stage cirrhosis
will further progress even in the absence of the initial
cause e.g., after abstaining from alcohol or successful
HCV treatment. This so-called “point of no return” is
not well understood nor the underlying mechanisms.
In addition, this critical time point cannot be exactly
defined in individual patients, an important draw back
for prognosis evaluation and treatment initiation.
(4) So far, various systemic search strategies either
based on genetics, proteomics or metabolomics have
not been able to provide a clear understanding of the
[16-18]
molecular mechanisms of fibrosis
.
(5) For decades, hepatic steatosis has been
considered a mandatory prerequisite for fibrosis (Figure
1A). However, this mandatory role of steatosis for
[19,20]
fibrosis progression is increasingly questioned
.
So, although steatosis is abundant in patients who
consume alcohol, only a minority of ca. 20% progress
[21]
to fibrosis . In fact, many subjects with overweight
show “benign” fat accumulation without lipotoxicity
and inflammation. In addition, segmental steatosis
can often be observed by ultrasound imaging of the
liver but no segmental fibrosis or cirrhosis has been
[22]
reported so far .
(6) It remains unclear why typical etiologies of
human liver cirrhosis such as ALD and NAFLD are
difficult to reproduce in small standard animal models
such as mice and rats despite inflammation and
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Table 1 Part Ⅰ (initiation) and Ⅱ (perpetuation) of sinusoidal pressure hypothesis
SPH Part Ⅰ: Initiation of a pro-fibrogenic response by elevated sinusoidal pressure
1. All liver diseases cause SP elevation. SP is the combined result of dynamic and static components that include the hepatic inflow/outflow balance,
intra- and extrahepatic shunts as well as vascular filling by water retention and osmotic pressure.
2. LS represents the sum of matrix deposition (fibrosis) and SP. In non-cirrhotic livers, LS corresponds to SP.
3. Dosage and time of elevated SP/LS determine fibrosis progression (biomechanic signaling). Matrix deposition ultimately matches SP (force = counter
force).
4. At the cellular level, SP elevation causes stretch forces on perisinusoidal cells that ultimately lead to collagen (matrix) deposition via inter- and
intracellular biomechanic signaling.
SPH Part Ⅱ: Continued pressure-elevation by arterialization of the fibrotic liver (perpetuation)
1. At a LS of ca. 12 kPa/SP of 12 mmHg, arterial blood supply becomes essential ultimately leading to arterialization of the liver (via hypoxia-signaling
including HABR, VEGF etc.).
2. Arterial supply is ultimately not reversible causing loss of endothelial fenestrae, capillarization and sustained SP and LS elevation.
3. Arterialization initiates a vicious cycle leading to further matrix deposition, eventual complete disconnection of hepatocytes from blood supply and
ischemia with subsequent arterialization and nodular regeneration.
4. Finally, the arterialized liver (high oxygen, high pressure) combined with cell death and enhanced regeneration will cause a pro-cancerogenic
environment and HCC.
SPH: Sinusoidal pressure hypothesis; HABR: Hepatic arterial buffer response; HCC: Hepatocellular carcinoma; LS: Liver stiffness; SP: Sinusoidal pressure;
VEGF: Vascular endothelial growth factor.

A
Cause

Steatosis

Apoptosis,
necrosis
Inflammation

[24]

HSC

Fibrosis

LS

B

Figure 1 Liver fibrosis. A: Conventional sequence of fibrosis progression.
Here, elevated liver stiffness (LS) is primarily regarded as correlate of matrix
deposition (fibrosis stage); B: Macroscopic aspect of a cirrhotic liver in a patient
with alcoholic liver disease (courtesy of C. Lackner, University of Graz). Note
the large fibrous septa spanning through the whole organ which are clearly
visible at the macroscopic level. In addition, a primary liver cancer (HCC) can
be seen (green area). HCC: Hepatocellular carcinoma; HSC: Hepatic stellate
cells.

steatosis. Robust cirrhosis is only generated in very
[23]
toxic models such as CCl4 or TAA treatment .

OBSERVATIONS LEADING TO SPH: THE
ROLE OF MATRIX AND PRESSURE IN
MODULATING LS
Measurement of LS to assess liver fibrosis has been
introduced more than 10 years ago and is now
[2]
increasingly used worldwide for fibrosis screening .
During fibrosis progression, LS increases continuously
from ca. 4 kPa up to 75 kPa (upper detection limit
of the Fibroscan device). A threshold of 12.5 kPa
is widely considered as cut-off value of histological
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F4 cirrhosis stage . The data from more than 500
clinical studies can be briefly summarized as follows
[3]
with regard to their relevance for SPH : (1) LS highly
correlates with histological fibrosis stage independent
[3]
of the underlying liver disease (r > 0.8) . A normal LS
[3]
(< 6 kPa) excludes liver pathology and liver fibrosis ;
(2) irrespective of cirrhosis, LS can be drastically
but reversibly elevated under conditions such as
[3]
inflammation, cholestasis and congestion (Figures 2
and 3). In the long term perspective, these conditions
are all able to cause cirrhosis and they are typically
associated with intra-hepatic pressure changes.
Moreover, as shown in Figure 4B, LS correlates
[25]
directly with SP in non-cirrhotic livers ; (3) pressurerelated elevation of LS precedes the development of
[3,26,27]
fibrosis
. Vice versa, LS improves after elimination
[28]
of liver pathology e.g., after clearance of HCV , water
elimination by diuretics in patients with heart failure
[25]
[29]
and liver congestion or alcohol withdrawal (Figure
3); and (4) LS is an independent predictor of liver[30,31]
related mortality
. Genetic risk factors of liver
disease such as some PNPLA3 variants are also known
to cause LS elevation e.g., in the presence of alcohol
[32]
consumption .
Initially, elevated LS was solely regarded as a
consequence of fibrosis progression. Especially the
observation that an increase of the central venous
pressure as well as the intra-ductal biliary pressure are
able to drastically and reversibly elevate LS without
[25,33-35]
any other confounders such as inflammation
suggested an important role of the SP in mediating
[3]
fibrosis .
In this context, it is important to conceive that
inflammatory liver diseases are also associated with
pressure change like in any other tissue (e.g., skin
induration and swelling in patients with skin abscesses
or furuncle). It is well established in the field of
pathology that inflamed tissues are hyper-vascularized
(rubor, calor, tumor, functio laesa). The reasons for this
are manifold and include infiltration of inflammatory

10485

December 28, 2016|Volume 22|Issue 48|

Mueller S. Sinusoidal pressure hypothesis of liver cirrhosis
Matrix

A

Pressure

Fibrosis stage
F0-F4

Alcohol consumption
Inflammation
Congestion
Food intake
Ballooning

Vascular filling by
water retention or
body position (gravity)
Oncotic pressure
Osmotic pressure

Amyloid
Inflow

Collagen

Liver stiffness↑
SPH Part Ⅰ: Initiation
Mechanosignaling

Inflammation
Congestion
Cholestasis

Liver
disease

Sinusoidal
pressure
Arterialization

Outflow

B
Static

Sinusoidal pressure

Liver stiffness

Clamping of Opening
caval vein
of clamp

Liver stiffness (kPa)

5 min

5 min

30
20
10
0

0

10

20

t /min

Liver stiffness (kPa)

B

Alcohol withdrawal
15
10

Inflammation

5
Normal LS
0

0

10

F2 Fibrosis
20

t /d

Figure 3 Examples of reversible pressure-mediated changes of liver
stiffness. A: Reversible drastic increase of liver stiffness (LS) after clamping
of the caval vein in narcotized landrace pigs (modified from Ref. [25]); B:
Decrease of LS after alcohol detoxification in a heavy female drinker unmasks
the inflammation-related LS from the fibrosis-related LS. F2 fibrosis was
confirmed histologically. Modified from Ref. [29].

cells or enhanced arterial perfusion through the action
of vasodilating agents and cytokines. The development
of inflammatory edema and the swelling of cells
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Figure 2 Liver stiffness is modulated both by matrix and pressureassociated conditions. Both dynamic and static components affect the
sinusoidal pressure. MRE: Magnetic resonance elastography; ARFI: Acoustic
radiation force imaging.
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Arterial pressure
Cholestasis

Dynamic
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Figure 4 The sinusoidal pressure hypothesis and the role of liver
stiffness. A: Sinusoidal pressure hypothesis at the whole organ level. SP
is the driving force of matrix deposition. Irrespective of the etiology, all liver
pathologies (shown in the left) increase the SP that initiates matrix deposition
via specific inter- and intracellular biomechanic signaling pathways (SPH Part
Ⅰ, Initiation). LS should be regarded as the combined read-out of elevated
pressure and fibrosis. Both SP elevation and matrix deposition increase
vascular resistance that ultimately lead to elevated hepatic arterial flow and
finally complete arterial blood supply. The arterial response is mainly driven
by hypoxia signaling and metabolic demand. Depending on dosage (> 12
mmHg) and time (> 4 wk), this vicious cycle will ultimately cause a complete
arterialization leading to irreversible cirrhosis by exposing the low pressure
organ to permanent high pressure (SPH Part Ⅱ, Perpetuation); B: LS
almost linearly depends on sinusoidal pressure in an isolated pig liver. In this
experiment (modified from [25]), all vessels (caval and portal vein, hepatic
artery and common bile duct) were ligated. The isolated organ was increasingly
filled with isotonic sodium chloride solution and put under pressure. Under
these conditions, according to the physical law of communicating pipes, the
pressure within the caval or portal vein directly matches the SP. Similar to
compliance studies in lungs, LS will show a slower increase at higher SP levels
(not shown). LS: Liver stiffness; SP: Sinusoidal pressure; SPH: Sinusoidal
pressure hypothesis.

may further contribute to an elevated tissue stiffness
(tumor) but it will always mainly be caused by hyperperfusion requiring a well-functioning blood circulation.
This fact has been rather put aside in many previous
studies on fibrosis progression normally focusing
on humoral, inflammatory, genetic and many other
conditions but not hemodynamic consequences and
pressure. It is also the reason why in vitro studies on
the molecular mechanisms of fibrosis progression may
have missed the role of pressure for tissue stiffness.

SPH PART Ⅰ: INITIATION OF A
PROFIBROGENIC RESPONSE BY
ELEVATED SP
The above mentioned chain of thoughts has led to
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Figure 5 Cirrhotic livers are primarily supplied with blood by the hepatic
artery (arterialization). A: Hemodynamics of the low-pressure organ liver in
the context of systemic circulation. Cirrhosis causes an increased vascular
resistance, collateral formation and increased hepatic arterial flow to maintain
hepatic perfusion. Elevated hepatic arterial flow can be observed already
before the onset of fibrosis. It eventually leads to a complete arterialization of
the cirrhotic liver. In some cases, portal flow completely reverses (so called
hepatofugal flow) and hepatic blood exits the liver both via hepatic and portal
veins. Note that the blood circulation (red arrows) is functionally maintained
by two serial pumps (RV and LV). A dysbalance of these two pumps such as
observed during right heart failure can also cause higher SP (congestion)
and ultimately cardiac liver cirrhosis; B: Cirrhotic livers are characterized
by predominant arterial blood supply. CT angiography of a patient with liver
cirrhosis showing a prominent hepatic artery in 31 years old female patient
with cryptogenic liver cirrhosis Child A (courtesy of Dr. B. Radeleff, University
of Heidelberg). Under such conditions, the hepatic artery supplies the liver with
more than 80% of blood. RV: Right ventricle; LV: Left ventricle; CT: Computed
tomography.

the key principles of part Ⅰ of SPH that are shown in
Figure 4A and Table 1. They can be summarized in the
following four key points:
(1) According to SPH, all potential causes of
cirrhosis whether of inflammatory or non-inflammatory
origin ultimately lead to an elevated SP. In contrast
to conventional concepts in which pressure changes
such as portal hypertension are merely seen as a
consequence of cirrhosis, SP is the primary cause
for matrix deposition. SP consists of dynamic and
static components such as hepatic inflow and outflow
balances or water retention (Figure 2). Even minimal
increases of SP seem to be critical for the low-pressure
organ liver which is typically exposed to no more than
ca. 6 mm of mercury via the portal vein. SP elevation
may first develop in portal or central areas depending
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on the localization of the underlying disease (e.g.,
portal-tract disease such as HCV vs perivenular disease
such as ALD).
(2) In contrast to conventional concepts (Figure
1A), elevated LS is the consequence of both elevated
SP and increased matrix deposition. This also means
that LS almost exclusively mirrors SP in the absence of
fibrosis (Figure 4B).
(3) At the cellular level and as will be discussed
below, SP is the actual driving force for the production
of ECM by stretching of perisinusoidal cells e.g., HSCs,
fibroblasts and liver endothelial cells. It remains open
whether these cells simply “feel” the surrounding
pressure-mediated stiffness by dedicated sensing
[36]
mechanisms or whether they directly sense pressuremediated stretch forces. So far, stiffness-mediated
activation of HSC has not been linked to pressure or
[14,37]
SP
. According to the physics of mechanics, it is
easily conceivable that pressure-induced stretch forces
will overlay at the whole organ levels leading to regions
with high trajectory forces and consequent large septa
formation.
SP-mediated stretch forces and matrix are in
continuous equilibrium. Dosage and time of elevated
SP/LS determine fibrosis progression (biomechanic
signaling) eventually leading to a degree of matrix
deposition that “matches” the pressure. Experimental
and common clinical observations suggest that a SP
> 12 mmHg and a time period > 4 wk are critical
thresholds to be validated. It is needless to add that
all of these pressure-mediated processes will be
modulated by other environmental and genetic factors
e.g., the sensitivity of the liver tissues in responding
towards pressure changes.

SPH PART Ⅱ: PERPETUATION BY
ARTERIALIZATION OF THE FIBROTIC
LIVER
The hepatic artery is directly connected to the
sinusoidal bed via arteriole inlets and provides about
20% of blood in a normal healthy liver. The stiffer
the liver becomes due to inflammation or fibrosis the
more pressure is required to maintain sufficient blood
flow. Although the elevation of portal pressure (portal
hypertension > 12 mmHg) can partly maintain some
portal flow it will hardly reach values higher than 35
mmHg. Under these conditions, the hepatic artery will
be the only vessel with sufficiently high pressure to
maintain hepatic blood supply (Figure 5A). An example
(CT angiography) of a patient with a manifest cirrhosis
and a strong hepatic artery with an almost exclusive
arterial perfusion is demonstrated in Figure 5B. This
arterialization is an important hallmark of cirrhotic
[38]
livers . It is also part of the daily experience of liver
sonographers that cirrhotic livers are characterized by
large hepatic arteries with a strong perfusion signal. In
contrast, the hepatic artery is almost invisible in normal
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[22]

livers . Even after cirrhosis has been established, the
hepatic arterial flow velocity and volume will further
increase when progressing from Child-Pugh stage
[39]
A to C stage , respectively. This has been recently
confirmed in whole-liver perfusion enhanced CT ima
[40]
ging scan studies . Enhanced angiogenesis has also
been observed before the manifestation of fibrosis in
small animal models using contrast-enhanced micro
[41]
CT . Taken together, all these established clinical and
experimental findings allow us to conclude that stiff
cirrhotic livers are ultimately exposed to predominant
arterial perfusion.
Elevation of hepatic arterial flow and subsequent
[42]
arterialization is mainly driven by the HABR
and
[43]
hypoxia signaling . SPH postulates that this arte
rialization defines the so-called “point of no return”.
It provides a pressure-based rationale to explain
the self-perpetuation of fibrosis progression and the
uniform, etiology-independent progression of fibrosis.
Arterialization of the fibrotic liver ultimately leads to
a sustained exposure of the low-pressure organ liver
(typically < 6 mmHg) to higher pressures (Figure 5).
In ca. 7% of patients with cirrhosis, extreme flow
changes can be observed such as complete reversal of
[44]
the portal flow (so called hepatofugal portal flow) .
Part Ⅱ of SPH is summarized in Table 1 and depicted
in Figure 4A. At the end, the arterialized liver (high
oxygen, high pressure) together with massive matrix
deposition will cause self-inflicted ischemia. The
combination of these events stimulates the formation of
regenerative nodule finally causing the typical nodular
aspect of cirrhotic livers. High pressure in combination
with cell death and enhanced regeneration ultimately
provides an ideal environment of genetic instability
and formation of cancer (HCC). It is also postulated
that the typical laboratory finding of cirrhotic livers, an
increased AST/ALT ratio and a slight GGT elevation (see
[45]
Supplemental Table 1)
is indicative for the stage of
arterialization.

CARDIAC CIRRHOSIS - AN EXAMPLE
OF NON-INFLAMMATORY, PRESSUREINDUCED FIBROSIS?
Before the concept of SPH, pressure-associated fibrosis
formation in the absence of inflammation has not been
appreciated very much. Indeed, most liver diseases
seen in daily practice are more or less related to
inflammation. However, cardiac cirrhosis is a typically
non-inflammatory disease developing in patients with
right heart failure and liver congestion. It is mostly
but not always seen in the elderly and seems to be
solely related to pressure. Notably, cardiac cirrhosis
has not been in the focus of studies performed both by
cardiologists and hepatologists. A major reason may
be that these patients are usually > 70 years old, often
present to the hospital in life threatening conditions
which impose ethical restrictions for study recruitment.
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On the other side, decompensated heart failure is one
of the most common causes of hospitalization and
[46]
death in the elderly . First profound insights have
been already provided in a now classical work by
[47]
Sherlock
in 1951. Up to date, pressure, hypoxia or
nutritional aspects have been discussed as causative
underlying factors and its existence has even been
questioned by some authors. However, in one of
the standard text books on liver histology written
[48]
by Lefkowitch et al , cardiac cirrhosis is described
in detail with all its histological features. Cardiac
cirrhosis can develop rapidly even in young patients
with congenital malformation of the heart after the
Fontan procedure. These patients will develop portal
hypertension, esophageal varices and they can even
[49,50]
die from primary liver cancer
. Figure 6 shows a
typical finding of bridging cirrhosis both in an elderly
patient with chronic heart failure (Figure 6A-F) and in a
young patient after Fontan operation (Figure 6G and H).
Hepatic hypoxia can be generally ruled out as cause of
cardiac cirrhosis since real ischemia typically leads to
dramatic increases of transaminase levels (higher than
1000 U/l with AST > ALT) seen e.g., during acute
heart failure or resuscitation. To learn more about the
principal development of fibrosis during congestion,
we recently explored an experimental model in
Wistar rats of liver congestion by clamping the caval
[27]
vein subphrenically over 4 mo . LS was measured
invasively using the novel Fibroscan platform (Echosens,
Paris). As shown in Figure 7, congestion significantly
and immediately increased LS from mean 6.0 to
-12
10.7 kPa (P < 10 ). Of note, the semiquantitative
Chevallier fibrosis score significantly increased from
0 to 7. At the mRNA level, profibrogenic markers
[51]
TGF-β and α-SMA were significantly upregulated .
Importantly, detailed histological analysis ruled out
inflammation, necrosis or liver injury in this model.
In addition, transaminases were not elevated. These
findings indicate that increased venous pressure and
LS are associated with a pronounced pro-fibrogenic
response and histological fibrosis progression in the
absence of inflammation. Taken together, patients
with longstanding liver congestion during heart failure
provide typical examples of pressure-associated fibrosis
in the absence of inflammation.

HOW TO ASSESS SP?
Pressure in the context of liver disease is usually
discussed with regard to portal pressure as a conse
quence of cirrhosis. Portal pressure can be assessed
directly during TIPS implantation or indirectly via
wedge pressure measurements of a wedged hepatic
vein. So far, SP cannot be determined experimentally
in vivo since no miniaturized catheters exist without
pressure perturbation. Although SP cannot be assessed
in vivo, we recently measured SP in an isolated pig
[25]
liver with clamped inflow and outflow vessels (Figure
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Figure 6 Cardiac cirrhosis as example of a pressure-associated cirrhosis in the absence of notable inflammation. Patients with congestive heart failure may
even die from complications of cirrhosis such as variceal bleeding or liver cancer. Note the absence of inflammation in areas with sinusoidal dilation and congestion
in long-lasting congestion characterized by marked sinusoidal dilation and atrophy of liver cell plates. Early (A) and advanced (B) stages of congestive heart failure
stained by hematoxyline and eosin. Portal tracts and centrilobular areas are marked with black triangles and squares, respectively. Inflammation is also not a feature
in areas with sinusoidal dilation and congestion in intermediate and central portions of the lobules. C: Chromotrope aniline blue stain (fibrosis) of an early stage of
congestive hepatopathy in a case with congestive heart failure. The portal tract and its structures is regular whereas in central and intermediate portions of the hepatic
lobulus mild sinusoidal dilation, slight atrophy of liver cell plates and minimal perisinusoidal fibrosis are seen. D: If venous outlaw obstruction persists perisinusoidal
fibrosis and atrophy of liver cell plates in centrilobular areas become more pronounced, (E) which is then followed by loss of liver cell plates and centrilobular fibrosis
extending towards neighbouring central veins (F) finally resulting in fibrous septa (marked by arrow heads). Notably, portal-central relations are mostly preserved.
Stain for αSMA (G) and fibrosis (Masson trichrome) (H) indicating septal and perisinusoidal fibrosis from a liver biopsy of a 31 years-old male patient with Fontan
circulation. The images show diffuse activation of hepatic stellate cells in the absence of any inflammation. Fontan intervention was performed early around birth
because of an unilateral ventricle. HVPG was 1 mmHg, LS was 19 kPa. (Images A-F: Courtesy of Dr. C. Lackner, University of Graz; images G-H: Courtesy of Dr. P.
Bedossa, Hôpital Beaujon, Université Paris Diderot). HVPG: Hepatic venous pressure gradient; LS: Liver stiffness.
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Figure 7 Example of a purely pressure-driven fibrosis: Experimental
liver congestion over 4 mo causes significant non-inflammatory liver
fibrosis. The caval vein was subphrenically partly clamped in Wistar rats to
cause hepatic congestion. A: Illustrates LS in male Wistar rats (n = 6) in control,
sham operated and clamped group immediately after onset of congestion; B:
Histological analysis of liver tissue sections shows a significant development of
fibrosis after 4 mo of congestion in the clamped but not sham operated animals.
(data from [27]), bP < 0.01. LS: Liver stiffness.

4B). We then loaded the isolated liver with iso-osmotic
sodium chloride solution and measured the hydrostatic
pressure in the hepatic vein. In such an isolated
and clamped organ, pressures of all communicating
vessels are equal according to the physical law of
communicating pipes. In the depicted pressure range
of up to ca. 40 cm water column, LS correlates almost
linearly with SP. For these reasons, LS can be used
as an indirect and non-invasive estimate of SP in the
absence of cirrhosis. It can be assumed, however, that
it will reach a non-linear saturation plateau at higher
pressures comparable with the compliance curve of the
lung.

SPH AT THE HEMODYNAMIC LEVEL: SP
AS CONSEQUENCE OF THE HEPATIC
INFLOW/OUTFLOW BALANCE AND
STATIC/DYNAMIC COMPONENTS
The liver is generally a low-pressure organ with the
portal vein entering the liver with a pressure of ca.
5 mmHg while ca. 3 mm of mercury are measured
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Outflow barriers
4 extrahepatic (congestion,
heart failure)
5 centrilobular (BCS, ALD)
6 portal (HCV, HBV)
7 mechanic cholestasis
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8 porto-systemic shunt
(intra- and extra-hepatic)
9 arterio-portal fistula
(intra- and extra-hepatic)

Figure 8 Sinusoidal pressure hypothesis at the vascular level. Simplified
scheme of the hepatic vascular architecture and conditions that result in
elevated sinusoidal pressure (SP) and liver stiffness (LS). SP and LS are
shown as consequence of the various inflow (red circles) and outflow balances
(black circles) in a schematized vascular architecture of the liver. Intrahepatic
or extrahepatic shunts (white circles) will also affect SP in a complex manner
and, according to SPH, will also have an important impact on the development
of portal hypertension and liver function. According to SPH, M1 (stiff livers with
good liver function) and M2 (soft liver with poor liver function) can be postulated
for patients with liver cirrhosis based on intrahepatic shunt formation. Red
arrows: Flow direction; HABR: Hepatic arterial buffer response; SPH: Sinusoidal
pressure hypothesis.
[52-54]

in the caval vein
. Close to the right atrium, this
pressure can even reach negative values. Despite
this low hepatic venous pressure gradient (HVPG) of
ca. 3-6 mmHg, the liver is supplied with ca. 25% of
[54]
the total cardiac output . This also demonstrates
the very low vascular resistance of the healthy liver
according to Ohm’s law of streaming fluids that easily
adapts to flow changes e.g., from the splanchnic
[42]
side . Consequently, the hepatic blood velocity within
the sinusoidal bed is very slow which minimizes shear
forces causing a predominance of the static pressure
and stretch forces of the perisinusoidal cells. This will
be discussed later.
Figure 8 shows a simplified scheme of the vascular
and biliary architecture of the liver to better illustrate
the role of the various inflow, outflow and shunt factors
on SP.
Based on the physics of liquids, SP will be mainly
determined by static and dynamic components
(Figure 2). The static part of the SP is determined
by the intravasal pressure and the elastic properties
of the vessels walls and also exists in the absence
of a functioning blood circulation. Osmotic, oncotic
pressure as well as gravitational forces related to the
body positioning further contribute to this component.
In contrast, the dynamic component is represented
by the kinetic energy of the blood flow and becomes
only relevant under conditions of an operating blood
circulation. Here, the flow resistance constituted by the
liver and the blood flow rate generated by the heart will
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both affect SP. Moreover, the dynamic part of SP will
depend on the localization of e.g., the inflammation.
Inflammatory components such as cellular swelling
or infiltration of inflammatory cells will all increase
the vascular resistance locally either in the portal or
central areas. It explains why both a rapid increase of
[55]
[22]
arterial
or portal
inflow or outflow barriers within
[25]
the venous outflow tract (congestion) , bile ducts
[35]
[56]
(mechanic cholestasis)
or the sinusoidal bed
are
able to increase LS.
In clinical practice, both the static and dynamic
components contribute to the overall size of SP in a
complex manner. For instance, heart failure causes
water retention early on through the activation of
the renin angiotensin aldosterone system ultimately
causing vascular overfilling with edema. LS will
increase simply due to the increase of this static SP.
Consequently, treatment with diuretics will decrease
[25]
LS in such patients . We recently demonstrated
that the decrease of LS correlates best with the
decrease of weight in patients with decompensated
[57]
heart failure . Besides water retention, however, the
dynamic component also contributes to SP elevation in
patients with heart failure. Especially in patients with
predominant right heart failure, the left heart is strong
enough to increase the pressure before the right heart
ultimately causing liver congestion. Taken together,
the introduction of pressure into the pathology of
fibrosis allows various novel insights to understand
fibrogenesis at the hemodynamic level.

ROLE OF HABR WITHIN THE CONCEPT
OF SPH
The hepatic artery is connected to the sinusoidal bed
via arteriole inlets and an elevated hepatic arterial
flow can be seen already before the establishment of
[58]
fibrosis
further increasing with the progression to
[39]
cirrhosis . Moreover, the liver harbors an autonomous
regulatory circuit by which the arterial perfusion is
upregulated in response to decreased portal flow, the
so-called hepatic arterial buffer response (HABR).
HABR has been established many years ago and
it is mainly explained by the pharmacological vaso
dilating effects of adenosine (adenosine wash out
[59]
theory) . Importantly, the HABR does only work in
an unidirectional fashion since no elevation of portal
flow can be seen in response to decreased arterial
flow (Figure 8). This unidirectional aspect of the
HABR appears to be highly relevant for the concept
of SPH. While an increased inflow via the portal vein
(e.g., during food intake) will be “buffered” by the
HABR, an increase of the arterial inflow will be directly
transmitted to the sinusoidal bed without “buffering”.
These assumptions have been confirmed indirectly.
Thus, a rapid injection of an isotonic solution (volume
charge) into the portal vein does not result in LS
[55]
elevation . Moreover, patients with an arterio-portal
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fistula of the spleen show portal hypertension but not
elevated LS. In contrast, in patients with cirrhosis, LS
increases more drastically in response to food intake
[45,55,60]
and alcohol consumption
. This underlines the
fact that the buffering-response of HABR will be partly
or completely lost in the course of an elevated arterial
flow during inflammation or a complete arterialization
in the cirrhotic liver. It also means that a predominant
arterial flow will be more detrimental to the liver since
flow changes will not be “buffered” any longer. Thus,
within the concept of SPH, arterialization and loss of
the HABR will cause further pressure elevation and
enhance pressure-mediated fibrosis.

ROLE OF SHUNTS WITHIN THE CONCEPT
OF SPH
Both arterioportal shunts and portosystemic shunts
have been described in- and outside the liver and
[61]
they constitute about one third of the portal flow .
Moreover, surgical shunt interventions have been
explored for many years and shunt implantations such
as TIPS still remain an important option in patients
with severe complications of portal hypertension.
According to SPH and as shown in Figure 8, these
shunts will drastically modulate intra- and extrahepatic
pressures. Whether and how they affect SP, fibrosis
progression and liver function is still poorly understood.
Shunts per definition bypass blood and, thus, they will
efficiently lower pressure gradients. Recent findings on
the association between LS and portal pressure seem
to be related to shunt formation and collaterals. Thus,
LS only seems to correlate well with portal pressure
at a HVPG < 12 mmHg both in human and animal
[55,62]
studies
. In the cirrhotic liver, LS continuously
increases while portal pressure stays at lower levels
due to the formation of porto-systemic collaterals such
[62]
as esophageal varices . On the other side, arterioportal hepatic fistulas have been occasionally described
even further complicating the hemodynamic effects
[63,64]
of shunts
. Such arterio-portal fistulas or shunts
will decrease arterial perfusion but increase portal
pressure. According to SPH, intrahepatic shunts should
efficiently lower SP and thus halt pressure-mediated
fibrosis progression (Figure 8). Unfortunately, the
decreased SP may have detrimental effects on the
nutritional and oxygen supply of the liver tissue.
Taken together and as will be discussed below, SPH
offers a new look at the pressure-modulating role of
intrahepatic shunts not only on portal hypertension but
also the progression of fibrosis.

SPH AT THE CELLULAR LEVEL
Myoﬁbroblasts are regarded as the major matrix
and collagen-producing cells in the liver but also in
other tissues. Neo-expression of the alpha isoform
of smooth muscle actin (α-SMA) is used as marker
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A

However, it has been less appreciated so far that
intra-vascular pressure such as SP could be the typical
physiological signal of cellular/tissue stiffness. Pressure
is not directly visible in histological sections and can
only be seen when looking for indirect morphological
signs e.g., dilatation of the liver sinus (Figure 6). At
the cellular level, SP translates into specific mechanic
forces that mainly include stretch forces/stress in
contrast to shear forces (Figure 9A). This is due to the
enormous broad vascular bed of the liver with a rather
slow sinusoidal blood flow (static and dynamic stretch
forces, Figure 2). Like other cells, fibroblasts and HSCs
are known to contract and to respond to mechanic
[36]
forces . The SPH puts SP as major mechanistic
upstream event of fibrogenesis (cause of fibrosis).
Increased SP will result in well-defined stretch forces
of perisinusoidal cells e.g., of HSCs and ultimately
cause stretch-induced collagen deposition (Figure 9B).
SPH may also explain the so-called pericellular fibrosis
as is commonly observed in patients suffering from
ALD but also other liver diseases. Pericellular fibrosis
describes collagen deposition around single ballooned
hepatocytes (Figure 9C). Here, intracellular pressure
causes stretch forces from inside the hepatocyte
that will be also detected by aligned stellate cells and
finally lead to mechano-mediated collagen deposition.
Thus, both intravascular and intracellular pressure
can cause stretch forces at the hepatocyte membrane
with consequent stretching of HSC and/or elevation of
cellular stiffness.
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Figure 9 Sinusoidal pressure hypothesis at the cellular level. A: Potential
mechanic forces (stretch, compressing and shear forces) are shown that can
act on cells; B: According to SPH, SP predominantly translates into mechanic
stretch forces within the perisinusoidal bed. Hepatocyte cell death, inflammation
or congestion all lead to increased SP that causes stretching of e.g., hepatic
stellate cells (HSC), liver sinus endothelial cells (LSEC) or hepatocytes (HC);
C: Moreover, intracellular pressure such as seen in ballooned hepatocytes can
also cause stretch forces on the hepatocellular membrane and aligned HSC
finally causing pericellular fibrosis.
[65]

for activated myoﬁbroblasts . Most studies have
focused on fibroblasts, which form focal adhesions
(FA) during mechanic stress that link the cell’s actin
cytoskeleton and plasma membrane to the underlying
[37,66]
ECM
. It should be noted that biomechanics has
been intensively studied and discussed previously with
[14,37]
regard to liver fibrosis
. Mechanic forces or stress
can act in various manners and directions on tissues
and cells either by compression, elongation/stretch or
shear forces (Figure 9A). Cell surface integrins, which
connect to cytoplasmic actins at the site of FA, bind to
[37]
latency-associated peptides (LAP) . On soft surfaces
there is minimal resistance to cell generated tension
and the complex remains latent. On stiff surfaces there
is significant resistance to cell-generated tension, this
tension increases, and the LAP is pulled open, releasing
active TGF-β.
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FURTHER CLINICAL, ANIMAL AND
PRELIMINARY OBSERVATIONS IN
SUPPORT OF SPH
SPH cannot be proven in one simple experiment or
one clinical study, but integrates many established
and preliminary observations. In the following, several
important examples will be discussed in more detail in
addition to the initial observations mentioned above.
A detailed list of further arguments in favor of the SPH
concept is provided in Supplemental Table 2 within the
Appendix (supplemental material file):
(1) Pressure whether static (oncotic, hydrostatic) or
dynamic generally determines tissue stiffness. It is well
known that e.g., arteriovenous shunt implantation in
renal failure patients undergoing dialysis rapidly causes
an induration and thickening of the vessel wall. In this
operation, a vein is used for the shunt formation and
the induration is popularly known as “arterialization”
of the shunt. In addition, it can be commonly seen in
patients with prolonged non-inflammatory edema of
the lower extremities e.g., during chronic heart failure
that skin induration remains despite the elimination
[22]
of the edema or the underlying cause . These
long known and general observations point towards
an evolutionary-conserved principle of “pressure-
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Figure 10 Similar stiffness values are found under pro-fibrogenic
conditions in human and cellular studies. A: Stiffness scale with cut off
values for normal, F3 and F4 fibrosis (cirrhosis) in humans; B: Known stiffness
conditions to activate fibroblasts using atomic force microscopy in cellular
studies (modified from Ref. [37] ); C: Known LS values in various pathological
conditions from human studies that ultimately cause liver fibrosis (modified
from Ref. [3]); D: Potential intracellular and intercellular mechano-signaling via
intercellular junctions through stretch forces caused by SP elevation. Besides
interactions of focal adhesions (FA) with the extracellular matrix (ECM), SP
causes intra- and intercellular stretch forces (red arrows) of perisinusoidal cells
which are important for matrix production. Several intercellular junctions are
schematically shown that may play an important role in biomechanic stretch
signaling such as tight junctions (TJ), gap junctions (GJ) and adherence
junctions (AJ). Intermediate filaments such as cytokeratin 18 (CK18) play a
critical role in liver disease. CK18 is interacting with intercellular junctions and,
hence, is most likely important for biomechanic signaling. LS: Liver stiffness;
SP: Sinusoidal pressure.

mediated wall thickening of vessels”. It seems that the
connective tissue at morphological boundaries of e.g.,
the blood compartment follows a “program” in order
to resist and withstand pressure. According to these
considerations, the liver would be especially vulnerable
to small pressure challenges since the liver is generally
exposed to the low incoming pressure of the portal
vein of less than 6 mmHg. In fact and in contrast to
other organs, the liver is anatomically completely
embedded into the venous drainage system of the
splanchnic organs. It can be easily imagined that wallthickening occurs at small SP elevation and that loss of
fenestrae and capillarization will result in a loss of liver
function. It will also drastically impair the enormous
hepatic exchange of metabolites.
(2) We have increasingly learnt that elevated LS per
se seems to be a risk factor for cirrhosis progression
(e.g., LS elevation in response to alcohol or upon HCV
infection). It appears that patients who progress to
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fibrosis show early elevation of LS and LS elevation
[3,26,27]
precedes fibrosis progression
. In contrast, only
ca. 30% of patients with ALD and elevated transa
minases show LS elevation while the remaining 70%
[45]
have normal LS despite inflammation . Moreover,
successful HCV treatment lowers or even normalizes
LS. Likewise, autoimmune hepatitis causes significant
LS elevation that can be rapidly normalized if treated
[22]
timely . More examples could be given with regard to
other liver diseases. In contrast, no fibrosis progression
has been observed in patients that did not show an
[22]
LS elevation in response to a viral disease or toxin .
If LS is regarded as measure/correlate of SP (in noncirrhotic livers, Figure 4B), it consequently means that
a lack of SP elevation prevents fibrosis progression.
(3) It clearly appears that a normal LS excludes
chronic liver disease and liver pathology. So far, no
exceptions have been observed from this “rule of
thumb”. On the other side, there is an enormous
variation of LS in response to fibrogenic stimuli with
some patients progressing faster to “stiff livers” than
others. More details about the relation of LS and liver
function will be discussed below.
(4) It is quite striking to see that comparable
stiffness values have been observed in patients with
various liver diseases and confounders and in cellular
studies analyzing the pro-fibrogenic response of
HSC and fibroblasts under culturing conditions with
exactly defined stiffness as assessed by atomic force
microscopy (for details see Figure 10A-C). The identical
levels of stiffness and profibrogenic conditions both in
clinical and cellular studies are a strong argument for
the role of pressure and pressure-mediated stiffness
elevation in fibrosis progression.
(5) In contrast, short term LS elevation during
acute congestion or acute alcohol exposure (Figure
3) does not cause fibrosis pointing towards the time
of pressure exposure as critical parameter. In con
firmation, acute forms of hepatitis with short flairs of
transaminase elevation (e.g., acute hepatitis A or acute
autoimmune hepatitis) do not develop liver cirrhosis
and typically show a limited time of LS elevation of
3-5 wk. Therefore, the time of LS elevation of 4 wk
seems to be critical for the development and reversal
of fibrosis.
(6) In about 7% of patients with liver cirrhosis, a
[44]
so-called hepatofugal portal flow is observed . In
these patients, portal flow has completely reversed.
Concordantly, the wedged hepatic venous pressure is
higher than the portal pressure which clearly points
towards a primarily arterial cause of hepatic perfusion
in such patients.

IMPORTANT CONSEQUENCES OF SPH
Any novel hypothesis should offer new insights into
poorly explainable observations. In addition, novel
studies and experiments should be designable to
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verify, falsify or optimize the hypothesis. The following
seven major topics have been identified where SPH
could provide novel perspectives and initiate new
studies:

Awareness of mechanic forces and explanation of
macroscopic organization of liver cirrhosis

SPH helps to explain why fibrous septa of bridging
cirrhosis may span through the whole organ over large
distances. In this concept, SP increases stretch forces
that will superimpose over larger distances without the
presence of additional e.g., humoral “pro-fibrogenic
factors” since mechanic forces will simply add up
according to the laws of mechanical physics. These
resulting stretch forces are not only confronted with
the liver capsule but all elastic and connective tissue
within the liver. As a result, fibrous tissue will span
over several layers of liver tissue in the centimeter
range. The concept of SPH opens up novel targeted
studies that address in more detail the role of fluid
mechanics in the liver which has unique features as
compared to other organs. First, as already mentioned
above, the liver is an organ exposed to a low-pressure
environment (4-6 mmHg) which can be optionally put
under high pressure by the hepatic artery. Second,
capillary, adhesion, shear and other forces are
insufficiently understood in the liver and they all could
contribute to SP. Moreover, the stretching forces do not
only put endothelial cells on stage but also all other
liver cells with intra- and intercellular filaments and
junctions (Figure 10D). In summary, SPH increases the
awareness of mechanic forces in the pressure-sensitive
liver. It also links to specific forces at the cellular level
(stretch vs shear forces) and could explain the uniform
responses of various cells to pressure (e.g., HSC vs
fibroblasts) avoiding the necessity to search for specific
“profibrogenic” cells.

Uniform formation of end-stage liver cirrhosis by
different etiologies

SPH could also explain the uniform response of fibrosis
formation to very different and heterogeneous liver
pathologies and their combinations. All liver pathologies
are related to changes of the SP whether they are of
vascular, inflammatory, non-inflammatory or other
origin. Within this concept, SP is a complex result of
inflow and outflow activities. Supplemental Figure 3
shows schematically the consequences of a periportal
(HCV) or pericentral (ALD) inflammation, initially
causing periportal or pericentral fibrosis and ultimately
bridging fibrosis. Naturally enough, pressure-mediated
fibrogenesis will be modulated individually by many
genetic and environmental factors at various levels.

Role of hepatic shunt formation and consequences for a
novel typology of liver cirrhosis

SPH strongly draws attention to the modulation of intraand extrahepatic pressure modulation by intrahepatic
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shunts and extrahepatic collaterals. Shunts per
definition bypass blood and thus will efficiently lower
pressure gradients. Although microscopic intrahepatic
portosystemic shunts have been recognized for
[61]
many years they are difficult to study . In contrast
to arteriovenous shunts, they are present in almost
every patient with established cirrhosis and they shunt
[61]
about 36% of the portal flow . On the other side,
arterio-portal hepatic fistulas have been occasionally
[63,64]
described
. As a logical consequence of SPH,
especially intrahepatic shunts should efficiently lower
SP and thus halt pressure-mediated fibrosis progression
(Figure 8). Shunt formation, however, would bypass
hepatocytes and, hence, decrease liver function. Thus,
the liver could only escape fibrosis progression for the
cost of decreased liver function. It would be highly
attractive to test whether such mechanisms are indeed
an essential part of the liver’s physiology to escape
high pressures. It could also explain recently observed
different types of patients with liver cirrhosis, those
with high stiffness but excellent liver function (type
M1) and those with rather low LS but very limited
[21,22,67]
liver function (type M2)
. A broad spectrum of
all kinds of variations can be observed daily and the
biology behind is not well understood nor has it been
implemented for risk stratification or transplantation.
These considerations could eventually lead to a novel
typology of liver cirrhosis.

Molecular and genetic basis of pressure-associated
fibrogenesis

SPH with pressure as major driving force could help
to better design, delineate and interpret the so-far
overwhelming and confusing data obtained by high
through-put screening technologies including the
many and still rapidly improving genetic or OMICS
approaches. It is quite conceivable that pressure is
a very complex, highly controlled and evolutionary
conserved vital parameter in all mammals. It also could
help to better integrate still poorly understood findings
e.g., on the role of genetic risk factors such as certain
polymorphisms of the PNPLA3 gene (adiponutrin) for
fibrosis progression. It seems quite clear that pressuremediated processes that ultimately cause fibrosis
will be strongly modulated by genes. It is also easily
conceivable that SP with all confounders discussed
herein are co-modulated by genes e.g., transporters
that effect water and electrolyte metabolism, the
vessel boundaries, pressure-controlling hormones
but, of course, also the response of the biomechanical
signal transduction cascade in response to elevated
pressure.

Role of arterial pulse wave energy and energy
absorption in the liver

The high kinetic energy of the heart-beat is preserved
in the elastic aorta and then propagated to peripheral
tissues via the pulse wave. Due to the stiffer peripheral
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arterioles, arterial pressure ultimately increases in the
periphery being highest in the arteries of the lower
[54]
extremities . Almost nothing is known about the
consequences of pulse-wave energy propagation in
the liver. It is easily conceivable that stiffening of the
liver during fibrosis progression but also by pressurerelated confounders (Figure 3) could cause a much
stronger, Tsunami-like release of mechanic energy
in the liver. Moreover and as discussed below, liver
fat could be an unexpected and very efficient “sound
energy absorbing” factor such as commonly observed
in abdominal ultrasound. It will be of high interest to
study in more detail the mechanic role of pulse wave
energy and hepatic steatosis for SP elevation and
fibrosis progression.

Mechanic role of steatosis

The role of steatosis is increasingly and controversially
discussed. However, a major physical property of fat
is the absorption of mechanic forces or sound energy.
Here, SPH could provide an alternative to partly
interpret the role of fat on a mechanic basis. Whether
the sum of export, elimination, import and synthesis
of hepatic fat has mechanic consequences remains to
be elucidated. Preliminary data in patients with ALD
suggest that steatosis is not correlated with LS which
[32]
fulfills the general perception that fat tissue is soft . It
has also been occasionally observed that LS decreases
while steatosis drastically increases (as measured
by non-invasive CAP) during improvement of acute
[22]
hepatitis of various etiology . On the other side, mul
tiple studies on NAFLD patients found a correlation
of elevated LS and steatosis but it remains to be
clarified whether this is due to co-existing inflammation
in these patients. Moreover, SPH would provide a
better explanation why e.g., segmental steatosis not
necessarily translates into segmental cirrhosis. SPH also
draws more attention to the shock wave absorption of
the pulsatile heart beat that will drastically increase e.g.,
at the interface of an artery to the cirrhotic liver. A fatty
liver should better attenuate these forces and thus
help to at least halt the deleterious effects of mechanic
energy exerted by the pulse wave. Taken together, a
mechanic approach towards hepatic steatosis could
provide a completely novel view on liver pathology.

Role of the intrahepatic localization of inflammation for
fibrosis progression (portal vs lobular)

Liver diseases with a more pronounced SP elevation
throughout the whole organ are more likely and
more rapidly to progress to cirrhosis (see also the
simplified vascular architecture of the liver in Figure
8). Thus, certain Zone III localized hepatic diseases
such as Budd Chiari syndrome and Schistosomiasis
are known to rapidly produce cirrhosis and they are
[68-70]
known to strongly increase LS
. SPH may offer
novel possibilities to explain such clinical observations.
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It is also known that e.g., ALD primarily starts in the
region of the central vein causing so-called perivenular
[71]
fibrosis . In a recent large multicenter study on
2068 patients with biopsy-proven HCV and ALD we
could show that inflammation in the lobular zone
(ALD) translated into higher LS elevation as compared
to a portal-tract-pronounced inflammation such as
[45]
HCV infection
(see also Supplemental Figure 2).
According to SPH, a pericentral liver disease will cause
a more efficient SP elevation with consequent fibro
sis progression. Supplemental Figure 3 provides a
simplified scheme of the sequential events of fibrosis
formation in ALD and HCV according to SPH. Thus,
the localization of the inflammation determines the
initial elevation of SP. Infiltration of inflammatory
cells and the increase of vascular resistance due to
cellular swelling and edema will cause the typical
inflammatory hyper-perfusion which can be detected
by elevated LS. A prolonged too intensive and too
long inflammation will ultimately cause predominant
hepatic arterial perfusion with permanent SP elevation.
Taken together, SPH could provide a novel concept to
better comprehend fibrosis progression based on the
localization of the inflammatory disease.

WHAT ARE POTENTIAL LIMITATIONS OF
THE SPH?
If the SP is important for fibrosis progression why
then has it not been addressed so far? There are
several plausible reasons: First, SP cannot be mea
sured directly without affecting the pressure itself
for technical reasons. Second, pressure changes are
typically accompanied by changes of other important
parameters such as blood flow or oxygen supply
and it is an experimental challenge to dissect these
confounders. Third, SP is not easily identified by popular
molecular screening techniques (gene sequencing,
RNA microarrays, proteomics, metabolomics) that are
favored at present to identify novel target molecules.
Fourth, histology does not provide direct and immediate
information on pressure except some indirect fea
tures shown in Figure 6. In fact, pressure can only be
studied in vivo within intact organisms with integral
boundaries and functioning blood circulation requiring
cumbersome detection technologies. Although there
are good arguments in favor of SPH it remains unclear
to what extent SP contributes to fibrosis and whether
known (e.g., TGFβ) or additional mediators of fibrosis
significantly modulate pressure-induced fibrosis. Future
studies and innovative research tools will hopefully be
able to further dissect pressure changes from changes
of other important conditions such as hypoxia. It can be
also assumed that many pressure-relevant aspects of
the liver are genetically inherited in a complex manner.
SPH hopefully will help to better design and interpret
the findings from genetic screening studies.
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Table 2 Potential studies to elucidate sinusoidal pressure-mediated mechanisms of fibrosis
Potential studies to validate SPH
1. Matrix-modulating effects of pressure-lowering or modulating drugs.
2. Physical aspects of pressure formation in biological tissues including the role of cardiac pulse wave energy and its mechanic absorption by fat.
3. Effect of water metabolism, water channels (aquaporins), electrolyte transporters and other transporters and osmotic pressure on matrix formation.
4. Role of pressure-mediated biomechanic signaling for matrix formation including genetics, proteomics and metabolomics.
5. Role of ECM, cellular and inter-cellular junctions on pressure-mediated matrix formation.
6. Role of SP on gap junctions and matrix formation[78].
7. Role of vasoactive systems/substances, such as nitric oxide, cyclooxygenase-derivatives, carbon monoxide and endogenous cannabinoids on SP and
fibrosis[79].
8. Role of vasoconstrictor systems, such as the sympathetic nervous system, vasopressin, angiotensin and endothelin-1 on SP and fibrosis[80,81].
9. Optimization of pressure sensors e.g., for the liver sinus including the development of molecular stretch force measuring sensors[4].
10. Association of pressure, tissue/cellular stiffness and matrix formation at various organizational levels (cell, organ and whole organism).
11. Interplay of organ systems involved in water and pressure regulation (e.g., heart, brain, kidney and liver) for pressure regulation and matrix
development.
12. Role of liver size and globularization of liver in various species in order to better sustain stretch forces of SP elevation.
13. Mechanisms and modulation of vessel and shunt formation in the liver.
ECM: Extracellular matrix; SP: Sinusoidal pressure; SPH: Sinusoidal pressure hypothesis.

HOW TO DISSECT SP FROM HYPOXIAMEDIATED LIVER PATHOLOGIES?
A specific challenge for SPH is the dissection of
pressure-related effects from hypoxia-mediated
consequences. The individual hepatocyte is pre
dominantly exposed to ca. 2% oxygen while intra
vascular oxygen levels vary dependent on localization
[72,73]
(venous vs portal) and range between 8% to 16%
.
It is well established that the portal zone 1 is exposed
to ca. 16% oxygen while the precentral zone 3 see
significantly less oxygen of ca. 8%. Already the
[47]
pioneering article of Sherlock
on cardiac cirrhosis
pointed out the difficulties to dissect pressureassociated changes from hypoxia-related aspects. In
fact, since pressure changes are always and imme
diately accompanied by flow and oxygen changes,
it may be almost impossible to rule out directly the
distinctive role of both important parameters. In
addition, as mentioned in the chapter above, it is still
not possible to directly assess SP and oxygen levels
in the liver sinus without disturbance of these factors
for technical reasons. However, in my opinion, some
general considerations and indirect conclusions are
in favor of the SPH concept. First, hepatocytes and
[72]
other liver cells tolerate quite low oxygen levels .
In fact, real hepatic ischemia is rarely observed. It
typically leads to drastic elevation of transaminases
up to several thousands of units e.g., during cardiac
arrest. Thus, as long as no such drastic transaminase
elevations are observed, the involvement of hypoxia
seems to be less likely. Second, although the portal
tract is much more efficiently exposed to highly
oxygenated blood from the hepatic artery, portaltract localized liver diseases such as chronic HCV also
develop fibrosis as compared to zone III disease such
as ALD. Finally, namely the development of large
fibrous septa at the whole organ level are difficult to
comprehend based on oxygen levels but rather point
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to trajectory forces caused by pressure elevation.
Nevertheless, it will remain an open and highly
interesting area of research to further dissect the role
of SP and hypoxia and even more likely the role of
hypoxia in modulating pressure-induced fibrosis.

POTENTIAL FUTURE EXPERIMENTAL
STRATEGIES TO VALIDATE SPH
As mentioned above, pressure itself is a physiolo
gical key process of mammals which is controlled by
many cellular, nerval and hormonal conditions that
all link to matrix formation. In fact, the epithelial
boundaries are critical for pressure maintenance
and they put all aligning cells of the vascular sys
tem whether they are veins, arteries, capillaries
or specialized vascular entities such as the hepatic
sinusoidal bed on stage. For instance, while FA and
ECM-cell mechano-signaling have been intensively
[14,37]
studied
, intercellular mechanotransduction (in
tercellular junctions of parenchymal cells and inter
mediate filaments) and its relation to pressure is
largely unknown and would require adequate animal
models for validation. Therefore, future studies
should address these molecular mechanisms. A list
of such potential studies is provided in Table 2. One
potential strategy is the use of well-established in
vitro models under pressure-mimicking conditions
with varying stiffness using viscoelastic gels (e.g.,
[74,75]
polyacrylamide)
. The stiffness of these gels should
be comparable to human fibrosis stages and validated
[74]
using the Fibroscan or atomic force microscopy .
The various liver-associated cells could be studied
independently, individually or in combination using
co-culture approaches. Important cells should not
be restricted to HSC and fibroblasts, but also endo
thelial cells, hepatocytes and macrophages. The role
of intercellular junctions and important molecules
responsible for mechano-signaling could be examined
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Table 3 Direct clinical consequences of sinusoidal pressure hypothesis
Potential clinical impact of SPH

Ref.

1. Therapeutic effects of pressure lowering drugs. Optimization of timing, patient selection, dosage and duration. Risk balancing of side
affects to other organs (kidneys, arterial underfilling).
2. Long-term therapy with diuretics as causal/fibrosis-blocking treatment.
3. Testing of an optimized risk stratification of cirrhotics on outcome according to liver stiffness (M1 vs M2 type, see paragraph
"Important consequences of SPH and critical discussion", point 3) in addition to liver function scores such as Child-Pugh score or
MELD score.
4. Liver disease as cause and consequence in the systemic context with other organs such as kidney and heart failure.
5. Test whether GGT elevation and an AST/ALT ratio > 1 at low AST and ALT levels is related with arterialization of liver and,
consequently, with manifestation of liver cirrhosis.
6. Study water retention in cirrhosis, pregnancy, renal and heart failure and its consequences on hydrostatic SP.
7. Implementation of osmotic stress, water channels (aquaporines) and transporters.
8. Therapeutic approaches to lower SP by targeting mechano-signaling: mechanic conditioning and pharmacotherapy acting on
mechano-signaling.
9. Role of biomembrane composition, lipid composition and potential protective role of steatosis on pressure-induced fibrosis.
10. Non-invasive LS measurements to monitor and optimize treatment of liver diseases.
11. Implementation of liquid physics to better understand the dynamic component of SP and its role on fibrosis progression.
12. Understanding of pulse wave energy and its consequences on the liver tissue.

[77]

[25]

[57]

[82]

ALT: Alanine aminotransferase; AST: Asparagin aminotransferase; GGT: Gamma-glutamyl transpeptidase; LS: Liver stiffness; SP: Sinusoidal pressure;
SPH: Sinusoidal pressure hypothesis.

in 2D vs 3D cell cultures. As mechanistic proof of
principle, hepatic mechano-conditioning using stretch
chambers and fat loading (in the absence of lipo
toxicity) to lower cellular stiffness could be studied.
Such studies could then be translated to in vivo animal
models. For instance, the time of onset of LS as
compared to fibrosis development, invasive pressure
measurements in different compartments (portal,
central venous, systolic and diastolic arterial pressure),
mechano-signaling and the expression of intercellular
junction molecules could be studied in well-established
inflammatory and non-inflammatory fibrosis model
(TAA vs congestion). The animal models would allow to
study the onset of arterialization in cirrhotic livers using
vascular immunostaining and the role of intercellular
mechano-signaling. The new insights could help to
identify novel treatment strategies e.g., to lower LS
or, second, to better identify patient sub-cohorts that
are at increased risk to develop fibrosis via mechanosignaling due to SP. Another important issue will be
the interplay of SP with hypoxia and angiogenesis and
how this affects vascularization of the sinusoidal bed
including shunt formation.

FUTURE CLINICAL IMPACT OF SPH
SPH could boost and stimulate basic and clinical
research activities not only restricted to liver disease
but also the bidirectional role of liver-diseases within
the whole organism and its relation to other organs
such as the heart, kidney, or lung. Some potential
therapeutic consequences are listed in Table 3. It
may further lead to a re-evaluation or optimization of
established supportive standard therapies in cirrhotics.
Thus, SPH could help to explain the predominantly
and widely discussed beneficial effects of pressurelowering drugs such as NSBB and it could help to
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optimize treatment regimens, patient selection and
[76,77]
a better understanding of their mechanisms
.
Second, SPH sheds new light on the long-term therapy
with diuretics in cirrhotics. Diuretics may not only
remove excess water from the body according to
a symptomatic approach but it may intercept with
the viscous cycle of continued water retention, SP
elevation (hydrostatic component; Figure 2) and
fibrosis progression. It will also be quite exciting to
learn whether the liver has a more immanent role in
other diseases with water retention such as cardiac
insufficiency. On the diagnostic level, non-invasive
LS measurement may help to monitor and optimize
treatment of liver diseases especially with its direct link
to SP. At the molecular level, the therapeutic desirable
lowering of SP directly leads to a better understanding
of hepatic mechano-signaling and the regulation of SP
at the cellular level. Potential novel molecular targets
or strategies could be identified that may include
mechanic conditioning or pharmacotherapy acting on
mechanosignaling. The mechanic role of fat has been
already discussed above and, based on preliminary
observation, warrants further analysis. Further studies
on SP will also require the implementation of liquid
physics to better understand the dynamic component
of SP and its role on fibrosis progression. Finally, the
role of osmotic stress, the regulation of the hydration
status of the cell and the role of water channels
such as aquaporins will be likewise highly interesting
to study in the context of SP elevation and fibrosis
progression.
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Abstract
Chemotherapy with improved effect in patients

WJG|www.wjgnet.com

with metastatic pancreatic cancer has recently been
established, launching a new era for patients with this
very aggressive disease. FOLFIRINOX and gemcita
bine plus nab-paclitaxel are different regimens, both
capable of stabilizing the disease, thus increasing the
number of patients who can reach second line and
even third line of treatment. Concurrently, new windows
of opportunity open for nutritional support and other
therapeutic interventions, improving quality of life. Also
pancreatic surgery has changed significantly during the
latest years. Extended operations, including vascular/
multivisceral resections are frequently performed in
specialized centers, pushing borders of resectability.
Potentially curative treatment including neoadjuvant
and adjuvant chemotherapy is offered new patient
groups. Translational research is the basis for the
essential understanding of the ongoing development.
Even thou biomarkers for clinical management of
patients with periampullary tumors have almost been
lacking, biomarker driven trials are now in progress.
New insight is constantly made available for clinicians;
one recent example is selection of patients for gem
citabine treatment based on the expression level of
the human equilibrium nucleoside transporter 1. An
example of new diagnostic tools is identification of early
pancreatic cancer patients by a three-biomarker panel
in urine: The proteins lymphatic vessel endothelial
hyaluronan receptor 1, regenerating gene 1 alpha and
translation elongation factor 1 alpha. Requirement
of treatment guideline revisions is intensifying, as
combined chemotherapy regimens result in unexpected
advantages. The European Study Group for Pancreatic
Cancer 4 trial outcome is an illustration: Addition of
capecitabine in the adjuvant setting improved overall
survival more than expected from the effect in advanced
disease. Rapid implementation of new treatment options
is mandatory when progress finally extends to patients
with this serious disease.
Key words: Chemotherapy; Clinical outcome; Evidence-
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Core tip: More effective chemotherapy and reorganized
care for patients with periampullary carcinoma has
opened windows of opportunity for improved surgical
performance. Combined with neoadjuvant and adjuvant
chemotherapy new patient groups can therefore be
offered potentially curative treatment. A biomarkers can
predict gemcitabine sensitivity, thus improving patient
selection. A three-biomarker panel in urine can identify
patients with early pancreatic adenocarcinoma. Clinical
implementation of new diagnostic and therapeutic
options is mandatory.
Buanes TA. Updated therapeutic outcome for patients with
periampullary and pancreatic cancer related to recent translational
research. World J Gastroenterol 2016; 22(48): 10502-10511
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
The different prognosis of pancreatic ductal adeno
carcinoma (PDAC) and other periampullary carcinomas
generates from profound biological diversities, increa
[1]
singly explained by recent translational research . Most
details from whole genome analysis of the mutational
[2]
landscape generate knowledge that cannot be directly
translated into clinical applications. Nevertheless,
accumulative genetic and molecular biological informa
tion constantly increase the basis for clinical studies,
and together with well-designed randomized controlled
trials (RCT), the scientific development is accelerated.
Outcome from recent trials are summarized in this
review, related to relevant translational research which
is rapidly generating new windows of diagnostic and
therapeutic opportunity.

Molecular expression profiling in histological subtypes

The different prognosis for periampullary carcinomas,
arising from pancreatic duct cells, distal bile duct
cells or the mucosa of the ampulla or duodenum is
[3-6]
documented by numerous authors . Intestinal or
pancreaticobiliary differentiation have been shown to
be prognostically more important than anatomic site of
[7]
origin , and an integrative platform, enabling profiling
of micro(mi)RNA, mRNA and proteins have recently
[8]
been published . Utilizing this platform, the molecular
profiles of 85 periampullary adenocarcinomas,
resected by pancreaticoduodenectomy (PD, or
Whipple-procedure), was characterized by mRNA and
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miRNA expressions, comparing tumors from different
anatomical sites of origin as well as different histological
[9]
subtypes . Six miRNA families were downregulated
and four were upregulated in the pancreaticobiliary
type as compared to the intestinal type. miRNA
and mRNAs associated with improved survival for
both histopathological subtypes were identified. The
genes 3-phosphoinositide dependent protein kinase 1
(PDPK1), phosphoinositide-3-kinase regulatory subunit
2 (PIK3R2), glucose 6-phosphatase alpha (G6PC)
and miRNAs miR-127-3p and miR-377 were linked
to enriched pathways and identified as prognostic
markers for future clinical investigation.
In lung cancer patients a serum specific miRNA
signature have been identified and validated in a study
on 1115 high risk individuals for lung cancer, enrolled
in a screening protocol. Overall accuracy, sensitivity
and specificity were found above 70%, area under the
curve (AUC) in the (receiver operating characteristics)
[10]
ROC-analysis was 0.85 . In another report on
circulating miRNA as biomarker of lung cancer, a panel
of 24 miRNAs with optimal classification performance
[11]
was identified , enabling earlier detection of patients
with lung cancer. Also in breast cancer circulating
cell-free miRNAs have been found to be a biomarker
for diagnostic and possibly targeted therapeutic
[12]
utilization . A similar development is foreseeable for
patients with periampullary tumors. A feasibility study
on 46 patients with early stage PDAC, 29 patients
with chronic pancreatitis and 26 healthy controls,
investigated the discriminant ability of the combination
of miR-143 and miR-30e in urine samples. Sensitivity
above 80%, specificity above 90% and AUC 0.923
[13]
in the ROC analysis was recently published . Also
proteomics of 18 urine samples were analyzed in 192
patients with PDAC and 87 healthy controls. A threebiomarker panel was identified, able to differentiate
patients with early stage pancreatic cancer from heal
[14]
thy controls by urine specimens . The discriminant
ability of the proteins lymphatic vessel endothelial
hyaluronan receptor 1 (LYVE-1), regenerating gene
1 alpha (REG1A) and (translation elongation factor 1
alpha) TEF1 increased further when combined with
serum Ca19-9 value, resulting in AUC 0.97 in the ROC
analysis. Accordingly, improved diagnosis of patients
with localized i.e., resectable periampullary tumors
is achievable, based on recent translational research.
Epigenetic downregulation of miRNA 192 expression
has recently been found to promote pancreatic cancer
[15]
progression , explaining the early metastatic behavior
of PDAC. Thrombospondin-1 (TSP-1) was found to
decrease preclinical, even 24 mo prior to the diagnosis
of PDAC, and the combination of TSP-1 and serum
Ca19-9 achieved significant diagnostic yield: AUC 0.86
[16]
in ROC analysis . A circulating miRNA profile has also
been found to predict disease progression in patients
with metastatic pancreatic cancer, receiving second line
[17]
treatment , illustrating that monitoring of treatment
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outcome is becoming possible, based on miRNA as
biomarker.

RESECTION MARGIN ASSESSMENT
A standardized protocol for PD specimen examination,
defining R1 status as tumor cells within 1 mm dis
tance from the resection margin (RM), introduced by
[18]
Verbeke , have profoundly influenced reporting on R0/
R1 status. This is illustrated by numerous reports, for
example from the European Study Group for Pancreatic
Cancer (ESPAC). In the ESPAC 1 study (inclusion
[19]
1994-2000), R1 status was reported in 18% , ESPAC
[20]
3 (inclusion 2000-2008) reported R1 in 16% , but
in ESPAC 4 (inclusion 2009-2014) the frequency of
R1 resections was 60%. Traditionally, R0 status was
[21]
considered the only satisfactory outcome of PD ,
as no clinical benefit was supposed to result from R1
resection. High rates of R0 status was conceived as
an important indicator of good surgical performance.
However, the ESPAC data and numerous other reports
leave little doubt that historical differences in R1 rates
result from divergence in pathology examination, more
[22]
than quality of surgery . This opinion is supported by
[23]
[24]
recent reports from the US and France , underlining
the importance of focused attention on standardized
pathology reports in order to increase comparability of
published data. In the center of Heidelberg, R0 status
was not a prognostic indicator until the new standard
[25]
was introduced .
Tumor growth is more dispersed in pancreatic head
cancers than in rectal cancer, ampullary cancer and
[26]
distal bile duct cancer . The implication is that even
R0 status according to the standardized pathology
protocol, does not completely exclude the possibility of
residual tumor cells in the operation field. The necessity
of adjuvant chemotherapy is very well documented,
and is compatible with this hypothesis.

MORPHOLOGICAL HETEROGENEITY
High levels of morphological heterogeneity is com
[27]
mon in PDAC
and desmoplastic stroma is also
predominant. Both characteristics are supposed to be
obstacles to effective chemotherapeutic treatment.
This hypothesis is supported by a report, classifying
PDAC as classical, quasi mesenchymal and exocrine[28]
like with different therapeutic outcome . Genetic
[29]
heterogeneity is contributing to therapeutic failure ,
and whole-genome sequencing of 100 PDACs have
[2]
recently redefined the mutational landscape . Further
genome-wide investigation of copy number aberrations
revealed significant prognostic implications. Deletion
in the genes RAB12 and COLEC12 are associated
with increased and amplification with decreased
[30]
postoperative survival after PD . Also the stromal com
partment provides stimulatory signals to the cancer
[31]
cells, and the interaction has therapeutic relevance .
Investigation of miRNA expression profiling of carcino
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matous and stromal components in twenty periam
pullary adenocarcinomas, identified miRNA mediated
[32]
interactions between carcinoma and stroma cells
which may be utilized as future therapeutic targets.
These data has potential for clinical utilization in the
near future.

PERSONALIZED MEDICINE - NEW
CLINICALLY APPLICABLE BIOMARKERS
Based on microarrays from patients randomized
to chemotherapy in the ESPAC 3 trial plus controls
from the ESPAC 1 trial, expression of the human
equilibrium nucleoside transporter 1 (hENT1) levels
[33]
were determined . Survival was compared between
patients with high and low hENT1 expression in the
gemcitabine and 5-fluorouraci (5-FU) arms. There was
no difference in the 5-FU arm, whereas gemcitabine
treated patients with high hENT1 expression lived
median 26.2 mo vs 17.1 mo if hENT1 expression was
low (P = 0.002). Patients with Gemcitabine sensitive
tumors can thus be selected, resulting in higher
response rates in future, biomarker driven trials. There
has recently been an explosion of available biomarkers
[34,35]
for PDAC which need clinical validation
. Exosomes
are extracellular vesicles, containing proteins and
nucleic acids, secreted by all cells, circulating in the
blood. Identification of cancer cell derived exosomes
has until recently not been possible, but a cell surface
proteoglycan, glypican-1 (GPC1), specially enriched on
cancer cell derived exosomes, was recently described,
+
and GPC1 positive circulating exosomes (GPC1 crExos)
[36]
were isolated from serum in PDAC-patients . Levels
+
of GPC1 crExos were also found to correlate with
tumor burden in the same patient series. Exosomes
have even been shown to initiate pre-metastatic niche
[37]
formation in the liver , supporting the hypothesis
[38]
proposed by Heiler et al
that cancer stem cells gain
the capacity for cell to cell crosstalk from generation,
loading and delivery of exosomes. Utilization of exosomes
as diagnostic biomarker as well as staging instrument
is probably shortly upcoming opportunities.

CHEMOTHERAPY
The development of effective oncological regimens
has been slow, due to the chemoresistant character of
PDAC. Table 1 shows key information from important
clinical trials in first line therapy of metastatic disease,
illustrating that gemcitabine became standard of care
[39]
for fourteen years after Burris publication . Even
though S1 (tegafur, prodrug of 5-FU) could increase
[40]
response rate, overall survival (OS) was no longer .
[41]
The addition of erlotinib to gemcitabine
resulted in
a significant but small increase in OS. FOLFIRINOX
represented a breakthrough in 2011, increasing
response rate × 3, and median survival almost × 2,
[42]
from 6.8 mo in the gemcitabine group to 11.1 mo . In
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Table 1 Important clinical trials in metastatic pancreatic ductal adenocarcinoma
Ref.

Year published

Investigated drugs

Clinical outcome
OS

Burris et al[39]
Ueno et al[40]
Moore et al[41]
Conroy et al[42]
Von Hoff et al[43]

1997
2005
2007
2011
2013

Gemcitabine vs 5-FU
S-1 (quasi mesenchymal and oteracil)
Gemcitabine vs erlotinib
Gemcitabine vs Oxaliplatin + irinotecan + leucoverin + 5-FU (FOLFIRINOX)
Gemcitabine vs gemcitabine + nab-paclitaxel

5.65 mo vs 4.4 mo
5.6 mo
5.91 mo vs 6.24 mo
6.80 mo vs 11.10 mo
6.70 mo vs 8.50 mo

ORR
5.4% vs 0.0%
21.1%
8.0% vs 8.6%
9.4% vs 31.6%
7.0% vs 23.0 %

OS: Overall survival; ORR: Overall response rate; 5-FU: 5-Fluorouraci.

Table 2 Important clinical trials evaluating adjuvant chemotherapy in pancreatic ductal adenocarcinoma
Ref.

Year published

Neoptolemos et al[19,52] (ESPAC 1) 2001 and 2004
Oettle et al[53]
2007
Neoptolemos et al[20] (ESPAC 3)
2010
Neoptolemos et al[20] (ESPAC 4)
2016
Uesaka et al[55]
2016

Investigated drugs
5-FU/FA vs No chemotherapy
Gemcitabine vs No chemotherapy
Gemcitabine vs 5-FU/FA
Gemcitabine vs Gemcitabine + Capecitabine
Gemcitabine vs S1

Number of
Clinical outcome
patients
Median survival (mo) 5-year survival (%)
149/143
179/175
539/551
366/364
193/192

20.1/15.5
22.1/20.2
23.6/23.0
25.5/28.0
24.5/46.5

21.0/8.0
22.5/11.5
17.5/15.9
16.3/28.8
24.4/44.1

5-FU: 5-Fluorouraci; FA: Folinic acid; ESPAC: European Study Group for Pancreatic Cancer.

2013 gemcitabine plus nab-paclitaxel was also shown
[43]
to stabilize metastatic disease . This has opened new
windows of opportunity for maintenance treatment in
[44]
case of intolerable toxicity , second line chemotherapy
[45-47]
in cases of progression during first line treatment
and even third line chemotherapy, even though no
evidence for this is available yet. Regimen of second
line chemotherapy should be chosen related to first
[48]
line . Nanoliposomal irinotecan with 5-FU/folinic acid
(FA) increased OS to median 6.2 mo in a recently
published RCT on gemcitabine refractory metastatic
[49]
PDAC . The American Society of Clinical Oncology
(ASCO) has recently published guidelines, incorporating
this new insight, for treatment of patients with locally
[50]
[51]
advanced
and metastatic
PDAC, recommending
practical answers to key clinical questions for each
patient group.
Adjuvant chemotherapy has been evaluated in
numerous RCTs, published during the last 15 years,
as illustrated in Table 2. The necessity of adjuvant
treatment was first documented by Neoptolemos
[19,52]
[53]
in the ESPAC 1 trial
, later verified by Oettle .
Medan and 5 year survival have increased during the
following decennium. In a western patient population,
gemcitabine plus capecitabine is now standard of
care, resulting in median 28 mo and close to 30% five
[54]
year survival after upfront surgery . A recent report
[55]
from Japan , suggests that even better outcome is
achievable with adjuvant S1.

SURGERY
The concept that upfront surgery is the best treatment
option for patients with resectable tumors, is widely
[1,56-58]
accepted
. Nationwide centralization of PD in
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the Netherlands resulted in decreased postoperative
in-hospital mortality from 9.8% in 2004 to 5.1% in
[59]
2009 , and the importance of volume-outcome
[60]
relationship is increasingly emphasized . The reor
ganization of care for patients with periampullary
cancer, based on multidisciplinary management, is
[48,61]
widely supported
, and it has resulted in significant
change in surgical practice during recent years. Extended
operations including vascular/multivisceral resections are
now frequently performed, and borders of resectability
[62]
are continuously being pushed . The outcome value
[63]
of multivisceral resections has been assessed , criteria
[64]
for clinical evaluations are defined
and the basis for
perfected surgical practice is continuously improving.
Better handling of surgical complications is an important
element of this development and a reason for reduced
[65-67]
failure to rescue in case of serious complications
.
The improvement of outcome related to patient volume
[68]
continues after 40 procedures/year at one hospital .
Nevertheless, postoperative complications is a major
problem after pancreatic surgery, precluding adjuvant
[69,70]
chemotherapy and thus decreasing OS
. The focus on
improved surgical performance is therefore increasing,
generating comprehensive evaluation of new technical
[71]
details .
Patients with borderline resectable PDAC was
[72]
primarily described by Katz et al
as those with
localized disease with tumor or patients characteristics
precluding immediate surgery. After neoadjuvant
chemotherapy, chemoradiation or both in 125 of these
patients, 66 (41%) underwent pancreatic resections, 18
(27%) with vascular resection/reconstruction. Median
postoperative survival was 40 mo. Subsequently, the
[73]
borderline concept is defined in detail . Management
and treatment outcome in patients with borderline
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resectable tumors is an area of intense scrutiny.
Neoadjuvant treatment, also in patients with
resectable tumors, is widely accepted in the United
[74,75]
States
, whereas upfront surgery is still considered
[76]
standard of care in influential European centers .
Clinical and preclinical data support the concept that
PDAC metastases appear early in the pathogenesis,
[77]
even before the tumor can be identified , favoring
neoadjuvant chemotherapy. A meta-analysis focusing
outcome in patients with resectable and unresectable
[78]
tumors , found that resection frequencies and survival
after neoadjuvant therapy in resectable patients was
similar to patients undergoing upfront surgery and
adjuvant chemotherapy. In patients with unresectable
tumors, approximately one third became resectable
after restaging. In another meta-analysis of neoadjuvant
chemotherapy in patients with borderline resectable
PDAC, primary outcome measures were proportion
of complete or partial response, stable or progressive
disease as well as percentages of exploration and
[79]
resection, and these results were also similar .
This evidence seems to support recommendation of
neoadjuvant chemotherapy in borderline resectable
PDAC, as resection rates and survival can be raised to
the same level as patients with resectable tumors. A
report from the National Cancer Data base on patients
with PDAC stage Ⅰ and Ⅱ, who underwent PD between
[80]
2006 and 2012 , found increased rates of neoadjuvant
treatment from 12.0% in 2006 to 20.2% in 2012.
Patients who complete all intended neoadjuvant therapy,
including surgery and adjuvant chemotherapy are by
some authors supposed to experience increased OS,
[81]
compared to patients undergoing upfront surgery .
However, evidence from well conducted RCTs is lacking,
and the putative benefit of neoadjuvant treatment can
be a by-product of selection bias, as patients with rapid
disease progression never undergo surgery. Therefore,
the real benefit or harm of neoadjuvant chemotherapy
in patients with resectable PDAC still requires systematic
evaluation. The International Study Group for Pancreatic
Cancer recommendations is still upfront surgery for
[64,82,83]
resectable and borderline resectable tumors
.

DISTAL CHOLANGIOCARCINOMA,
AMPULLARY AND DUODENAL
ADENOCARCINOMA
Patients with periampullary adenocarcinomas undergo
the same surgical resectional procedure as patients
[84-88]
with PDAC, and postoperative survival is longer
.
However, some data are contradictory: similar survival
for patients with distal cholangiocarcinoma and PDAC
[89]
was recently reported , as well as comparable
prognosis for ampullary and extra-ampullary duodenal
[90]
carcinomas . Even ampullary carcinoma with the
same median postoperative survival as PDAC has been
[91]
described from Denmark . Routine histopathology
from 207 PD specimens were recently re-evaluated
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by two independent experienced pancreatic patho
logists, and 53% of distal cholangiocarcinoma were
[92]
misdiagnosed as PDAC . A comprehensive assessment
of tumor origin in pancreatic head cancer documented
inaccurate and inconsistent distinctions between
[6]
pancreatic, ampullary and distal bile duct cancer .
This divergence in pathology assessment may explain
some of the contradictory data on prognosis in
periampullary carcinomas. Ampullary carcinoma can
be of pancreaticobiliary- or intestinal type, and the
molecular signatures of mRNA and miRNA, linked to
specific intracellular pathways, correlate to subtype
[9]
above anatomical origin in periampullary tumors .
Histological subtype is a predictor of survival, and
have also recently been found to influence response to
[93]
adjuvant gemcitabine .

IS ADJUVANT CHEMOTHERAPY
INDICATED FOR PERIAMPULLARY
CARCINOMA?
A single center study from Johns Hopkins Hospital
found that adjuvant chemoradiation did not improve
[94]
survival . The only well conducted RCT, investigating
this question, is the ESPAC 3 trial, in which 297
patients with ampullary carcinoma, 96 with distal
cholangiocarcinoma and 35 other carcinoma were rando
mized between 5-FU/FA, Gemcitabine or observation
only. Median survival was 35.2 mo in the observation
group vs 43.1 mo in the two chemotherapy groups,
but the difference was not significant in the primary
analysis. After multivariate analysis, adjusting for
prognostic variables, statistically significant survival
[95]
benefit was found after adjuvant chemotherapy .
The authors underline that distal cholangiocarcinoma
should be analyzed separately, i.e., not together with
tumors with other sites of origin, as periampullary
adenocarcinoma is not a separate tumor entity. As
[9]
documented above , site of tumor origin influence
expected survival and pancreaticobiliary and intestinal
[93]
subtypes respond differently to adjuvant gemcitabine .
Accordingly, the probable survival benefit from adjuvant
chemotherapy, shown in the ESPAC 3 trial, should
be further investigated by evaluation of combination
chemotherapies in a modified study design.

CONCLUSION
Lack of biomarkers, applicable as diagnostic tools and/
or therapeutic targets has been a major hindrance for
development of personalized treatment in patients with
[1,96]
periampullary tumors. This is now rapidly changing
.
A practical example is selection of patients for gem
[33]
citabine treatment guided by hENT1 expression .
Clinical implementation of new micromolecular markers
is presently a major issue. Subsequently, treatment
guidelines need revision. Surgical treatment of meta
[97]
static PDAC has been evaluated , resulting in median
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postoperative survival 13.8 mo, estimated one year
survival 58.9%. In an earlier study of 40 patients with
metastases from periampullary carcinoma undergoing
curative intent surgery, median survival for the pan
[98]
creaticobiliary subtype was 13 mo, intestinal 23 mo .
Metastatic disease is therefore conceived as a palliative
condition, without clinical benefit from resectional
[58]
[99]
surgery . However, in a recent report from Milan ,
127 patients with metastatic PDAC were treated by
the new chemotherapeutic regimens, and 11 patients
with radiological and biochemical response (Ca19-9
normalization) underwent resection of the pancreatic
primary tumor plus liver or lung metastases. Posto
perative median survival was 39 mo vs 12 mo for the
116 patients without surgical resection. One year and
three year survival were 100% vs 42% and 57% vs
5% respectively. The difference is obviously caused
by better chemoresponse in the resected group,
possibly also by additional benefit from resectional
surgery. When new biomarkers enable personalized
chemotherapeutic treatment and selection of patients
for surgery based on improved knowledge about
the malignancy potential of the tumor, cure seems
achievable also for some patients with metastatic
PDAC in the near future. Clarification of the role of
surgery, related to chemotherapy is associated with
severe methodological difficulties, as numerous
patients deny inclusion in randomized trials, evaluating
neoadjuvant chemotherapy. Low response rates of
neoadjuvance and corresponding high risk of ending
up with unresectable tumors are frequent patient
concerns. These issues goes beyond the scope of this
paper, but solid evidence, clarifying benefit/harm of
neoadjuvant chemotherapy in pancreatic cancer will be
major future scientific achievements.
A major problem for numerous patients with
periampullary carcinoma is that they suffer severely
during most of their residual lifetime, and palliative
interventions, improving their quality of life, are
important. Appropriate instruments for measuring
patient reported outcome (PRO) has been lacking, but
a brief, disease specific instrument has recently been
developed, the PAncreatic CAncer DIsease (PACADI)
[100]
score
. This is a brief, eight item, patient derived
instrument, feasible also for patients with severe
fatigue during late disease course. The future holds
opportunities of well-designed interventional outcomestudies with survival and PRO as endpoints, increasing
the rate of therapeutic intervention improvement.
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Abstract
Liver fibrosis is a reversible wound-healing process
aimed at maintaining organ integrity, and presents
as the critical pre-stage of liver cirrhosis, which will
eventually progress to hepatocellular carcinoma in
the absence of liver transplantation. Fibrosis generally
results from chronic hepatic injury caused by various
factors, mainly viral infection, schistosomiasis, and
alcoholism; however, the exact pathological mechanisms
are still unknown. Although numerous drugs have
been shown to have antifibrotic activity in vitro and in
animal models, none of these drugs have been shown
to be efficacious in the clinic. Importantly, hepatic
stellate cells (HSCs) play a key role in the initiation,
progression, and regression of liver fibrosis by secreting
fibrogenic factors that encourage portal fibrocytes,
fibroblasts, and bone marrow-derived myofibroblasts
to produce collagen and thereby propagate fibrosis.
These cells are subject to intricate cross-talk with
adjacent cells, resulting in scarring and subsequent
liver damage. Thus, an understanding of the molecular
mechanisms of liver fibrosis and their relationships with
HSCs is essential for the discovery of new therapeutic
targets. This comprehensive review outlines the role
of HSCs in liver fibrosis and details novel strategies to
suppress HSC activity, thereby providing new insights
into potential treatments for liver fibrosis.
Key words: Liver cirrhosis; Fibrosis; Hepatic stellate
cells; Etiology; Pathology; Treatment
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Core tip: This review discusses the molecular me
chanisms of liver fibrosis with respect to hepatic stellate
cells (HSCs). In particular, we describe the functional
significance of HSCs with respect to major events
triggering fibrosis and novel therapeutic strategies to
suppress the activity of activated HSCs.
Zhang CY, Yuan WG, He P, Lei JH, Wang CX. Liver fibrosis
and hepatic stellate cells: Etiology, pathological hallmarks
and therapeutic targets. World J Gastroenterol 2016; 22(48):
10512-10522 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10512.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10512

INTRODUCTION
Liver fibrosis is a complex fibrogenic and inflammatory
process that results from chronic liver injury and
represents an early step in the progression of liver
cirrhosis. Cirrhosis is a major health problem worldwide,
[1,2]
owing to the lack of effective treatment methods .
During hepatic fibrosis, continuous accumulation of
extracellular matrix (ECM) extremely rich in collagen
[3,4]
Ⅰ and Ⅲ leads to scar deposition and liver fibrosis .
When left untreated, this condition can develop into
cirrhosis and subsequent portal hypertension, hepatic
encephalopathy, and/or liver failure, and lead to an
increased risk of hepatocellular carcinoma (HCC),
[2,4]
which can ultimately cause organ failure and death .
Liver transplantation is currently regarded as the
only treatment method for cirrhosis and is generally
[3]
inadequate . During chronic liver disease, ongoing
liver injury results in excessive ECM deposition with
limited remodeling, which inevitably leads to scarring
[5]
and fibrosis . In comparison, the liver can quickly reestablish its structural integrity in response to acute
injury, even when a substantial portion of the organ is
[6]
damaged .
Hepatic stellate cells (HSCs) localize to the peri
sinusoidal space between hepatocytes and sinusoidal
endothelial cells and are the primary source of
activated myofibroblasts and portal fibroblasts that
[7]
drive the fibrogenic process . Quiescent HSCs (qHSCs)
[8]
mostly function as vitamin A reserves . In response
to liver injury, inflammatory mediators promote HSC
activation and subsequent differentiation into myo
[9]
fibroblasts . Activated HSCs (aHSCs) are a major source
of collagen in the liver and can abundantly secrete
ECM proteins, tissue inhibitors of metalloproteinases,
and matrix metalloproteinases (MMPs) that elicit
[9,10]
liver architecture remodeling
. Importantly, HSCs
are responsible for as much as 80% of total ﬁbrillar
[8-11]
collagen Ⅰ in the ﬁbrotic liver
; thus, aHSC depletion
is critical for the resolution of ﬁbrosis.
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Based on these findings, we provide a comprehensive
review summarizing the etiology and pathological
characteristics of hepatic fibrosis, and detail the potential
therapeutic targets for suppression of aHSC function.

ETIOLOGY AND PATHOLOGICAL
CHARACTERISTICS OF HEPATIC
FIBROSIS
Liver fibrosis is a complex process that results from
various forms of chronic hepatic disease and is asso
[2,12,13]
ciated with excess hepatocellular death
. The
main etiologies of liver fibrosis are schistosome and
chronic viral hepatitis infection, nonalcoholic fatty
liver disease (NAFLD), alcoholic liver disease (ALD),
[1,14-17]
and cholestatic and autoimmune liver disease
.
Liver fibrosis, which is characterized by the excessive
[18]
deposition ECM proteins , involves both parenchymal
and nonparenchymal hepatic cells, as well as infiltrating
[3,19]
immune cells
. Furthermore, different organs, such
as the adipose tissue, bile duct, intestine, and muscle,
can also affect the development of liver fibrosis.
Moreover, several essential signaling pathways have
important roles in fibrosis. The complex interactions
among these signaling pathways, diverse cells, and
different organs contribute to the progression of
[20]
liver fibrosis . Upon fibrogenic initiation, qHSCs
differentiate into aHSCs, upon which they lose the
intracellular lipid droplets and acquire a myofibroblastic
phenotype characterized by marked upregulation of
a-smooth muscle actin (a-SMA, ACTA2), desmin (DES),
[8-10]
and type Ⅰ collagen (COL1A1)
. The sustained
buildup of collagens distorts the liver parenchyma
and vascular architecture, resulting in impaired liver
[1,2,12,14,17]
function, scar deposition, and liver fibrosis
. The
initiation, progression, and resolution of liver fibrosis
involving HSCs are present in Figure 1.

Viral and schistosome infection

Viral infections such as those caused by hepatitis B
virus (HBV) and hepatitis C virus (HCV) induce hepatic
inflammation and thereby contribute to the cyclical
[21]
process of inflammation, necrosis, and regeneration .
Within this inflammatory microenvironment, continuous
infiltration of immune cells and secreted inflammatory
cytokines leads to liver injury, triggering a progressive
cascade of hepatic lobule reconstruction that promotes
[22]
liver fibrosis and cirrhosis .
Schistosomiasis is a major chronic disease that
occurs in humans living in endemic regions, owing to
substantial pathologic liver fibrosis caused by from an
[23]
accumulation of parasitic eggs . Ongoing antigenic
stimulation from the trapped ova results in immune
cell recruitment to the sites of infection, leading to
the formation of periovular granulomas and eventual
[24]
fibrosis . Liver fibrosis often begins 6 wk after
infection, when the Th2 immune response predominates
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Figure 1 Initiation, progression, and resolution of liver fibrosis involving hepatic stellate cells. Upon various types of chronic injury - including that caused by
alcohol, viral and schistosome infection, nonalcoholic steatohepatitis (NASH), and other factors - hepatic stellate cells (HSCs) transdifferentiate from quiescent HSCs
to activated HSCs, the latter of which secrete abundant extracellular proteins that contribute to liver fibrosis. Liver fibrosis is thought to be a reversible condition owing
to the elimination of causative agents and different strategies of limiting HSC activation; however, they cannot totally return to a quiescent status of the naive HSCs.
Instead, they exhibit a pre-activated intermediate condition with an increased sensitivity to injury. Thus, preventing recurrent chronic liver injury is of great importance
in patients undergoing treatment for liver fibrosis. Untreated or relapsed fibrosis progresses to liver cirrhosis, which often requires hepatic transplantation.

and subsequently subsides at 12 wk postinfection.
The Th17 response has also been associated with
severe hepatic inflammation; however, the function
of B cells in schistosome-induced pathology remains
controversial. Because immune cell-derived chemokines
[25,26]
play a vital role in schistosome-induced pathology
,
one method to hamper disease progression could be
by modulating chemokine production to limit hepatic
[27]
eosinophil recruitment . Importantly, although prazi
quantel therapy effectively kills adult Schistosoma, it
has diminutive effects on liver fibrogenesis or portal
[28,29]
hypertension
; thus, new strategies to treat schi
stosomiasis are urgently needed.

Alcohol

Excessive alcohol abuse causes steatohepatitis that
can progress to ALD. Most patients are generally
asymptomatic, and ALD is easily reversible when
patients abstain from alcohol consumption. Otherwise,
they will develop into liver fibrosis. Acetaldehyde is
regarded as a major intermediate in alcohol-induced
[30,31]
fibrogenesis
, and recent studies have delineated
the mechanisms through which transforming growth
factor (TGF)-β/small mother against decapentaplegic
[32]
(SMAD) signaling is enhanced by acetaldehyde .
Additionally, acetaldehyde-induced fibrogenesis is also
thought to involve members of the basic transcription
[33,34]
element binding protein
, CAAT/enhanced-binding
[35,36]
[37]
protein
, and acetaldehyde-responsive element .
Cytochrome P450 2E1 (CYP2E1) protein is a member of
the microsomal ethanol oxidizing system responsible for
ethanol metabolism and is crucial for alcohol-induced
[38]
fibrogenesis . This mechanism is readily observed in
hepatocyte and HSC cocultures with enhanced collagen
Ⅰ protein synthesis resulting from CYP2E1-dependent
[39]
reactive oxygen species generation . Correspondingly,
ethanol-mediated lipid peroxidation is effectively
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-/-

[40]

blocked in CYP2E1 mice , whereas oxidative stress
and hepatic fibrogenesis is elevated in transgenic mice
[41]
with CYP2E1 overexpression . Moreover, the calcium
regulatory protein osteopontin (OPN) has demonstrated
protective effects in early alcohol-induced liver injury by
binding lipopolysaccharide and blocking tumor necrosis
[42]
factor-alpha (TNF-α) function in the liver . OPN is
also positively correlated with fibrosis in patients with
[43]
ALD .

Nonalcoholic steatohepatitis

Nonalcoholic steatohepatitis (NASH) is a relatively
common chronic liver disease with histological chara
[44]
cteristics similar to that of ALD . NASH presents
as balloon-like hepatocellular injury with or without
[45]
hepatic fibrosis in liver biopsies and is the intermediate
[46]
between NAFLD and cirrhosis . NASH occurs when
sustained oxidative stress prevents the proliferation
of mature liver cells, resulting in excess necrosis and
[47]
an overgrowth of liver progenitor cells (oval cells) .
In addition, the inflammatory response to cellular
necrosis induces the progressive release of plateletderived growth factor, TGF-β, TNF-α, and other
inflammatory factors, such as interleukin (IL)-1, by
[48]
resident immune cells . These inflammatory signals
result in the activation and proliferation of HSCs and
induce differentiation of HSCs into myofibroblasts,
further driving ECM synthesis and ultimately liver
[49]
fibrosis .

Animal models of liver fibrogenesis

Liver fibrosis takes years to develop in most patients
and results from an interplay of several risk factors,
including HBV and HCV infection, alcohol abuse, and
metabolic syndromes attributed to obesity, insulin
[50]
resistance, and diabetes . Accordingly, animal models
used to study the pathophysiology of liver fibrosis,
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cirrhosis, and HCC should mimic the general disease
patterns found in human counterparts.
Currently, in vivo models of liver fibrosis can
be divided into five categories based on etiology:
chemical, dietary, surgical, genetically modified, and
[51]
infection . The chemicals commonly used to cause
hepatic lesions and induce liver fibrosis include ethanol,
[52]
[53]
carbon tetrachloride (CCl4) , thioacetamide ,
[54]
[55]
dimethylnitrosamine , and diethylnitrosamine . A
number of specific diets, such as the methionine- and
[56]
[57]
choline-deficient diet , high-fat diet , and choline[58]
deficient l-amino acid-defined diet , can be used
to induce progression of NAFLD to hepatic fibrosis
in experimental animals. Moreover, common bile
duct ligation (BDL) can also lead to cholestatic injury
[59]
and periportal biliary fibrosis . In the past decade,
multidrug resistance-associated protein 2-deficient
-/[60]
foz/foz
[61]
(Mdr2 ) mice and Alms1
fat Aussie mice have
been used to study the functional relevance of specific
signaling pathways in the formation of liver fibrosis
and identify novel drug targets. Finally, infections with
[62]
[63]
HBV
and Schistosoma parasites
are also popular
models of liver fibrosis.

NOVEL THERAPEUTIC TARGETS IN
LIVER FIBROSIS
Liver fibrosis was once deemed irreversible; however,
early liver fibrosis is now managed by clinical treatment,
and overwhelming evidence suggests that advanced
fibrosis may likely be reversible once the injurious
[64]
stimulus is removed . Since aHSCs are the primary
mediators of liver pathology in this process, several
molecules required for HSC activation are considered
[9,64,65]
potential therapeutic targets
. The following
section details recent novel targets identified for the
treatment of liver fibrosis through suppression of HSC
activation.

Key molecules in liver fibrosis

Mitra and colleagues reported that IL-30 attenuates
hepatic fibrosis by inducing natural killer group 2D
(NKG2D)/ribonucleic acid export 1 crosstalk between
aHSCs and natural killer T (NKT) cells and is therefore
an ideal therapy for liver fibrosis. Mechanistically,
IL-30 treatment promotes surface NKG2D expression
on liver NKT cells to subsequently enhance their
cytotoxic activity towards aHSCs, thereby inhibiting
[66]
liver fibrosis . Another molecule, hydrogen peroxideinducible clone-5 (Hic-5) is a TGF-β1-inducible focal
adhesion protein that facilitates cell proliferation
[67]
and ECM expansion in various organs . Previous
studies have shown that Hic-5 contributes to vascular
[67,68]
restoration and restructuring
; however, a recent
study revealed that Hic-5 expression also plays a
critical role in attenuating fibrosis by enhancing TGFβ-induced Smad2 phosphorylation via the downregula
[69]
tion of Smad7 in both human and mouse aHSCs .
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Taken together, these data indicate that Hic-5 is a
novel therapeutic target and a potential marker of
activated HSCs. Additionally, acyl-coenzyme A:
cholesterol acyltransferase (ACAT) is comprised of
two isoenzymes-ACAT1 and ACAT2-and functions as a
catalyst to convert free cholesterol (FC) to cholesteryl
[70]
esters . FC accumulation has been shown to regulate
HSC activation and the development of liver fibrosis
by promoting Toll-like receptor 4 signal transduction.
Because ACAT1 plays an essential role in regulating
[71]
FC accumulation in HSCs , studies have focused
on developing new ACAT1-directed therapeutic inter
ventions for the treatment of liver fibrosis. The roles of
IL-30, Hic-5, and ACAT1 in liver fibrosis are presented
in Figure 2.

Regulatory CD4+ T cells

Regulatory T (Treg) cells function to modulate HCVdependent liver fibrosis by regulating the interaction
[72,73]
between NK cells and aHSCs
. Specifically, Treg
cells act in a cell-contact-dependent manner to reduce
NK cell activity against HSCs and downregulate vital
NKT-activating ligands on HSCs by secreting soluble
[73]
IL-8 and/or TGF-β1 . This mechanism may also be
present in fibrosis, resulting from other etiologies;
however, further studies are needed to confirm this
hypothesis.

Macrophages

Macrophages, which can be classified as M1 (classi
cally activated) macrophages and M2 (alternatively
activated) macrophages, play dual roles in the pro
gression and resolution of liver fibrosis. Typically,
M1 macrophages produce inflammatory cytokines,
whereas M2 macrophages regulate inflammatory
responses and tissue repair. The imbalance of M1
and M2 macrophages mediates the progression and
[74]
resolution of liver fibrosis . During the early stages
of liver injury, bone marrow-derived monocytes are
extensively recruited to the liver and then differentiate
into inflammatory macrophages (mostly M1 macro
phages) to produce pro-inflammatory and profibrotic
cytokines, thereby promoting inflammatory responses
and HSC activation. Afterwards, recruited macrophages
switch their phenotypic (mostly M2 macrophages) to
secrete MMPs, the main enzymes degrading ECM, to
[20,75,76]
facilitate fibrosis resolution
.

Role of signal transduction in the progression of liver
fibrosis

Several intracellular signaling pathways are involved in
the pathophysiology of liver fibrosis. In this section, we
detail the functional significance of three key signaling
axes in this process: Gas6/Axl, TGF-β/Smad, and
target of Wnt signaling pathway (Figure 3).
Gas6/Axl pathway: The TAM (Tyro3, Axl, Mer)
receptor ligand Gas6 is a vitamin K-dependent protein
with an extremely high affinity for the Axl receptor.
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Gas6 is primarily expressed by Kupffer cells, whereas
Axl is found in both macrophages and qHSCs in
[77,78]
the normal liver
. Study has demonstrated that
CCl4-induced liver fibrosis elicits Gas6/Axl pathway
activation to promote HSC activation. Notably, Axl
knockout disrupts this pathway, thereby attenuating
[78]
hepatic fibrosis . Clinical trials have also shown
increased Gas6 and Axl serum levels in patients with
[78]
HCV infection and ALD . As such, targeting Axl may
be a potential method to remediate liver fibrosis.
TGF-β/Smad signaling: TGF-β regulates ECM meta
bolism and tissue fibrosis through the overproduction
of type Ⅰ collagen in both mice and humans. Recent
studies have demonstrated that TGF-β/Smad signaling
plays a crucial role in the progression of hepatic fibrosis
caused by parasitic infection, including Schistosoma,
Clonorchis sinensis, and Echinococcus multilocularis, as
[79,80]
well as other etiological factors
. More specifically,
TGF-β1 ligation to TGF-β type Ⅰ (TGFβRI) and type Ⅱ
receptors induces Smad2/3 phosphorylation and its
subsequent interaction with Smad4. The Smad2/3/4
complex can then translocate to the nucleus and
induce the expression of profibrotic genes, namely
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collagen type Ⅰ. Strikingly, Smad7 can block TGF-β
[80-82]
signaling through various means
, such as binding
TGFβRI to inhibit the interaction-dependent activation
of Smad2, collaborating with other effectors to induce
TGFβRI degradation, and regulating the Wnt/β-catenin
[83]
pathway to influence TGF-β-induced apoptosis .
Similarly, targeting of Smad7 enhances TGF-β pathway
[84]
activation .
Wnt pathway: Several studies have demonstrated
that aberrant Wnt/β-catenin signaling affects the
progression of fibrotic disorders. Wnt comprises an
evolutionarily conserved family of excreted lipidmodified glycoproteins that can be classified into
at least three signaling pathways: Necdin-Wnt,
noncanonical (β-catenin-independent), and canonical
(β-catenin-dependent). In the Necdin-Wnt pathway,
HSC activation and differentiation require the down
regulation of peroxisome proliferator-activated
receptor γ (PPARγ). Necdin is a melanoma antigen
family protein preferentially expressed in aHSCs that
promotes myogenic and neuronal differentiation while
suppressing adipogenesis. Notably, Necdin silencing
restores PPARγ-mediated Wnt pathway inhibition to
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[85,86]

effectively reverse HSC activation
. In the canonical
pathway, Wnt ligation to cell surface receptors elicits
downstream signaling that stabilizes β-catenin,
which can then translocate into the nucleus, bind T
cell factor/lymphoid enhancer-binding factor (TCF/
LEF) promoter, and induce gene expression to exert
[87,88]
biological effects
. Alternatively, noncanonical Wnt
signaling occurs via the β-catenin-independent planar
2+
cell polarity and noncanonical Wnt/Ca pathways.
Thus, a collective understanding of Wnt signaling
mechanisms may provide novel insights into the
pathophysiology of liver fibrosis. A recent study also
showed that DKK2 (a Wnt antagonist and target of the
Wnt pathway) connects Sept4 (a subunit of the septin
cytoskeleton expressed in qHSCs) and the activation
of HSCs, thereby mediating the progression of liver
fibrosis. The expression of DKK2 is high in primary
cultured HSCs. However, DKK2 expression is reduced
when Sept is not expressed in a mice model of CCL4induced fibrosis. The high expression of DKK2 in
qHSCs inhibits Wnts and thereby affects downstream
β-catenin signaling. This results in suppression of the
Wnt signaling pathway, leading to increased expression
[87]
of Sept4 and preventing HSC activation .
HAb18G/CD147: HAb18G/CD147 is induced by
TGF-β1 stimulation and is highly expressed on sinusoidal
aHSCs, where it colocalizes with a-SMA. Transient
transfection of CD147 in LX-2 cells results in increased
expression of mRNAs encoding α-SMA, TIMP-1, α1(I)
collagen, and TGF-β1. In contrast, MMP-13 and MMP-2
levels are markedly reduced, suggesting that HAb18G/
CD147 promotes HSC activation. Consistent with this,
HAb18G/CD147-targeting antibodies block HSC acti
[89]
vation, thereby inhibiting liver fibrogenesis . These
data support the potential role for HAb18G/CD147 in
liver fibrosis; however, further studies are needed to
confirm these findings.

microRNAs and HSCs in liver fibrosis

Recently, microRNAs (miRNAs) have also been found
to play multifaceted roles in hepatic fibrosis, including
those in HSC activation and proliferation and production
[3,11]
of ECM proteins
. Previous studies have indicated that
human and murine miRNAs participate in liver fibrosis.
For example, miR-199a, antisense miR-199a*, miR200a, and miR-200b are dramatically upregulated in a
[90]
mouse model of liver fibrosis . Conversely, the miR-29
family is downregulated in aHSCs when compared with
[91]
that in qHSCs, both in vivo and in vitro .
miR-133a is specifically downregulated in HSCs
during fibrogenesis, but is overexpressed in primary
murine HSC, resulting in attenuation of collagen
[91]
expression . Similarly, CCL4-induced miR-122 ex
pression is markedly lower in aHSCs and fibrotic liver
tissue. Cell experiments have also shown that miR133a overexpression inhibits both LX2 and primary
murine HSC proliferation and prevents the progression
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[92-94]

of liver fibrosis
. Furthermore, both miR-15b and
miR-16 facilitate qHSC apoptosis by targeting Bcl-2
[95]
and the caspase signaling cascade .

Promising therapies for liver fibrosis

Although several antifibrotic drug candidates have
recently been evaluated, these drugs have failed
to show increased therapeutic efficacy over those
drugs currently used in the clinic, e.g., ursolic acid
(UA), 24-nor-ursodeoxycholic acid (norUDCA), and
resveratrol. UA is a pentacyclic triterpenoid compound
with a wide spectrum of pharmacological activities
found in various edible fruits and medicinal plants.
Studies have demonstrated that UA induces apoptotic
culture-activated HSC death due to inhibition of
nuclear factor kappa B and AKT in HSCs, but not in
isolated qHSCs in vitro. In addition, UA alleviates
liver fibrosis induced by both BDL and chronic
thioacetamide administration in vivo. As shown in
Figure 4, the mechanism of UA-induced apoptosis
may be attributed to its suppression of cell survival
pathways and the activation of downstream caspases
[96]
via the mitochondrial permeability transition .
The bile acid derivative norUDCA is a promising
new treatment option for liver fibrosis that significantly
reduces liver fibrosis in chronically infected Schistosoma
mansoni mice by limiting T-cell proliferation and IL-13
and IL-4 serum levels (Figure 4). Moreover, norUDCA
has anti-inflammatory properties demonstrated by the
low expression of MHC class Ⅱ on dendritic cells and
[28]
macrophages after norUDCA treatment .
Finally, the natural polyphenol flavonoid resveratrol
has a broad range of beneficial biological functions,
[97]
[98]
including anti-inflammatory
and antioxidant
[99]
properties . In addition, resveratrol is believed
to ameliorate obesity-related complications by
[100]
mimicking caloric restriction
through activation of
+
key metabolic regulators, including NAD -dependent
[101]
deacetylase (SIRT1)
, AMP-activated protein
[102]
kinase , and nuclear factor erythroid-2 related factor
[103]
2 . Furthermore, oxidative damage and inflammation
are closely related to the HSC activation process. For
example, SIRT1 activation inhibits the expression of
[104]
muscle-related genes, such as MyoD
. Moreover,
studies have demonstrated the beneficial effects of
[105-108]
resveratrol in different models of liver steatosis
.
Superoxide dismutase activity is necessary for the
reduction of oxygen free radicals and protects against
lipid peroxidation, thereby inhibiting HSC activation
[109]
and limiting the progression of liver fibrosis
. The
mechanisms through which resveratrol alleviates
fibrosis are shown in Figure 4. Although resveratrol
has been shown to have beneficial biological functions
in the antifibrotic response, its efficacy in NAFLD is
insignificant; indeed, a meta-analysis conducted by
[110]
Zhang et al
indicated that resveratrol can only
improve LDL and total cholesterol levels in patients with
NAFLD.
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Figure 4 Mechanism of action of three potential therapeutic drugs-ursolic acid, 24-nor-ursodeoxycholic acid, and resveratrol-for treating fibrosis.

CONCLUSION

8

In this review, we outlined some major etiological
and pathological characteristics of hepatic fibrosis
and described several promising approaches for liver
fibrosis therapy. We strongly believe that liver fibrosis
will be cured through the combined application of these
therapeutics; however, further studies are necessary
to support this hypothesis.
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Abstract
Gastric adenocarcinoma of the fundic gland (chief cellpredominant type, GA-FG-CCP) is a rare variant of welldifferentiated adenocarcinoma, and has been proposed
to be a novel disease entity. GA-FG-CCP originates
from the gastric mucosa of the fundic gland region
without chronic gastritis or intestinal metaplasia. The
majority of GA-FG-CCPs exhibit either a submucosal
tumor-like superficial elevated shape or a flat shape
on macroscopic examination. Narrow-band imaging
with endoscopic magnification may reveal a regular
or an irregular microvascular pattern, depending on
the degree of tumor exposure to the mucosal surface.
Pathological analysis of GA-FG-CCPs is characterized
by a high frequency of submucosal invasion, rare
occurrences of lymphatic and venous invasion, and
low-grade malignancy. Detection of diffuse positivity
for pepsinogen-I by immunohistochemistry is specific
for GA-FG-CCP. Careful endoscopic examination and
detailed pathological evaluation are essential for
early and accurate diagnosis of GA-FG-CCP. Nearly all
GA-FG-CCPs are treated by endoscopic resection due
to their small tumor size and low risk of recurrence or
metastasis.
Key words: Narrow-band imaging; Pepsinogen-I; Fundic
gland; Gastric adenocarcinoma; Chief cell
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric adenocarcinoma of the fundic gland
(chief cell-predominant type, GA-FG-CCP) was recently
proposed as a novel disease entity. The endoscopic
and clinicopathological characteristics of GA-FG-CCP
are distinct from those of gastric adenocarcinomas with
an intestinal phenotype that originate from the mucosa
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with chronic gastritis or intestinal metaplasia. Careful
endoscopic examination and detailed pathological
evaluation are essential for early and accurate diagnosis
of GA-FG-CCP.
Miyazawa M, Matsuda M, Yano M, Hara Y, Arihara F, Horita
Y, Matsuda K, Sakai A, Noda Y. Gastric adenocarcinoma
of the fundic gland (chief cell-predominant type): A review
of endoscopic and clinicopathological features. World J
Gastroenterol 2016; 22(48): 10523-10531 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10523.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10523

INTRODUCTION
It had been thought that differentiated adenocarcinomas which originate from the intestinal metaplasia
involving Helicobactor pylori (H. pylori) infection have
an intestinal phenotype, whereas undifferentiated
adenocarcinomas which originate from the gastric
mucosa without the process of intestinal metaplasia
[1]
have a gastric phenotype . However, progress in
immunohistochemistry has revealed that some differ[2]
entiated adenocarcinomas have a gastric phenotype .
[3]
In 2006, Yao et al described extremely well-differentiated gastric adenocarcinoma with a gastric phenotype similar to gastric foveolar epithelium, mucous
neck cells and pyloric glands. Thereafter, the first case
of gastric adenocarcinoma with differentiation into
[4]
chief cells within the fundic gland by Tsukamoto et al .
Furthermore, 10 cases of gastric adenocarcinoma with
differentiation into chief cells were documented by
[5]
Ueyama et al who proposed a novel disease concept:
gastric adenocarcinoma of the fundic gland (chief
cell-predominant type, GA-FG-CCP) based on the
characteristic morphology and immunohistochemistry.
Because GA-FG-CCPs are thought to originate from
gastric mucosa of the fundic gland region without
chronic gastritis or intestinal metaplasia, it is expected
that the proportion of gastric adenocarcinomas diagnosed as GA-FG-CCP will increase in parallel with the
declining frequency of H. pylori infection.
GA-FG-CCP is defined as a neoplastic lesion, which
is composed of cells that resemble the fundic gland
cells and is positive for pepsinogen-I: a marker of chief
[5]
cells on immunohistochemistry . For early and precise
diagnosis, it is vital to undertake careful endoscopic
examination and detailed pathological evaluation using
immunohistochemistry. In particular, endoscopists
should be able to reliably detect a suspicious lesion that
may be a GA-FG-CCP during screening. As the concept
of GA-FG-CCP as an individual disease entity has
become better established, information concerning the
pathological features of GA-FG-CCP has occasionally
been published. Moreover, several detailed endoscopic
investigations of GA-FG-CCP have recently become
available. Here, the unique endoscopic and clinico-
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pathological features of GA-FG-CCP will be discussed.

CLINICAL CHARACTERISTICS
GA-FG-CCP is a very rare variant of gastric adenocarcinoma. A review of studies on GA-FG-CCP published
in English language indicates that 46 cases have been
[4-16]
reported to date
. Almost all patients were Japan
[9]
ese, but a study by Singhi et al in 2012 comprised
10 non-Asian patients, including Hispanics, Caucasians
and African-Americans. The clinical characteristics
of the 46 previously reported cases are presented in
[12]
Table 1. According to Ueyama et al , GA-FG-CCP was
detected in only 10 of 14080 patients who underwent
[8]
esophagogastroduodenoscopy (EGD). Park et al
identified GA-FG-CCP in only 3 of over 6000 Korean
patients with gastric adenocarcinomas resected by
endoscopy or surgery. During the 3 years after 2010
when the concept of GA-FG-CCP was first proposed,
[13]
Miyazawa et al
reported that GA-FG-CCP accounted
for 0.98% of early gastric adenocarcinomas treated
by endoscopic submucosal dissection (ESD). Among
Japanese cases of GA-FG-CCP, the male-to-female ratio
is approximately 1.4, which is lower than that of the
estimated morbidity from all gastric adenocarcinomas
[17]
in 2011 in Japan (2.1) . The average age of Japanese
patients is 67.7 years, with a range of 42 to 82 years.
Early cases of GA-FG-CCP generally have no or mild
[9]
subjective symptoms, although Singhi et al found that
all 10 cases had clinical symptoms of gastroesophageal
reflux, suggesting that gastric acid secretion was maintained due to a lack of mucosal atrophy. To the best of
the authors’ knowledge, none of the previous cases of
GA-FG-CCP had evidence of H. pylori infection.

ENDOSCOPIC FINDINGS
Endoscopic findings from patients with GA-FG-CCP
are shown in Figure 1. The endoscopic characteristics
of 46 previously reported cases are summarized in
Table 2. GA-FG-CCP was located in the upper third
of the stomach in 87% of cases. The average tumor
diameter was 7.5 mm, and approximately 80% of all
tumors were less than 10 mm in diameter at the time
of diagnosis. Macroscopically, about three-quarters of
GA-FG-CCPs were recognized by an elevated shape,
especially a submucosal tumor (SMT)-like shape, while
the other one-quarter had a flat or depressed shape.
GA-FG-CCP with an SMT-like elevated shape has a
[12]
poorly demarcated border and softness . Miyazawa
[13]
et al
suggested that a possible reason for the macroscopic similarity to SMT is that GA-FG-CCP originates
from deep layers of the gastric mucosa. GA-FG-CCP
may be likely to grow vertically into the submucosa
and develop laterally toward the surrounding tissue.
If GA-FG-CCP grew in a straight direction towards the
mucosal surface, it would be recognized as a superfi[12]
cial unsmooth tumor. Ueyama et al
speculated that
surface mucosal epithelial cells are maintained because
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Table 1 Clinical characteristics of previously reported cases
Author (yr)

Number of Sex
patients (M:F)

Tsukamoto et al[4] (2007)
Ueyama et al[5] (2010)

Age (yr,
average)

Race or nationality

Clinical
symptoms
No symptom
ND

1
10

F
6:4

82
65.5 (42-79)

Japanese
Japanese: 10

Fukatsu et al[6] (2011)
Terada et al[7] (2011)

1
1

M
M

56
78

Japanese
Japanese

Park et al[8] (2012)

3

3:0

65.3 (47-76)

Korean: 3

10

4:6

64.2 (44-79)

Hispanic: 4
Caucasian: 2

Singhi et al[9] (2012)

EMR
EMR: 2
ESD: 5
Operation: 3
No symptom
EAM
Abdominal pain
No therapy (only
(colon cancer)
biopsy)
ND
ESD: 1
Operation: 1
Operation after ESD: 1
GERD: 10
polypectomy: 10

1

M

79

African American: 2
Chinese: 1
Unknown: 1
Caucasian

Abe et al[11] (2013)
Ueyama et al[12] (2014)

1
10

F
6:4

71
66.5 (55-78)

Japanese
Japanese: 10

Miyazawa et al[13] (2015)

5

3:2

72.2 (67-78)

Japanese: 5

Parikh et al[14] (2015)

1

M

66

Caucasian

Kato et al[15] (2015)
Fujii et al[16] (2015)

1
1

M
F

80s
64

Japanese
Japanese

Chen et al[10] (2012)

Therapeutic method

GERD
Esophageal
stricture
No symptom
ND

EMR

EMR
EMR: 2
ESD: 8
No symptom: 5
ESD: 4
Operation after ESD: 1
Heartburn
EMR
(GERD)
ND
CLEAN-NET
ND
ESD

Survival time
(mo, average)

Outcome

ND
37.1 (10-70)

ND
Alive, NED: 10

12
3

Alive, NED
Died (colon cancer)

24.3 (11-32)

Alive, NED: 3

15.4 (6-39)

Alive, NED: 8
Alive, persistence:
1 ND: 1

2

Alive, NED

12
13.2 (1-19)

Alive, NED
Alive, NED: 10

19.4 (10-28)

Alive, NED: 5

ND

Alive, NED

3
ND

Alive, NED
ND

CLEAN-NET: combination of laparoscopic and endoscopic approaches to neoplasia with non-exposure technique; EAM: endoscopic aspiration
mucosectomy; EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection; F: female; M: male; GERD: gastroesophageal reflux disease;
NED: no evidence of disease; ND: not described.

tumors barely destroy the surrounding tissue. GA-FGCCP with a flat or depressed shape, which accounts for
about 20% of all cases, appears to be more difficult to
recognize than GA-FG-CCP with an SMT-like elevated
shape. With respect to coloration, GA-FG-CCP is often
covered with normal-colored or faded (i.e., whitish
[16]
or yellowish) mucosa. Fujii et al
suggested that
the faded appearance is caused by atrophy in the
foveolar epithelium above cancer tubules, but not in
the surrounding mucosa. Another characteristic of
GA-FG-CCP is vasodilation on the tumor surface, which
is attributed to the displacement of surface vessels
[13]
by tumor tissue followed by congestion . Branched
vessels on the tumor surface were also thought to be
[12]
present in the deep region of the mucosal layer .
Narrow-band imaging (NBI) may clarify the presence
of vasodilatation and branched vessels on the tumor
[12,13,16]
surface
. However, it has not been possible to
pathologically confirm the above explanations for fine
vessels.
There are few reports on magnifying endoscopy for
[13,16]
GA-FG-CCP
. NBI with magnification is assessed
using the worldwide standard diagnostic system, the
VS (vessel plus surface) classification, as proposed by
[18]
Yao et al . The VS classification system incorporates
three indices: (1) the demarcation line (DL), which is
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the border between the tumor and the surrounding
mucosa; (2) the microsurface pattern (MSP), which is
microstructural patterns on the tumor surface such as
marginal crypt epithelium; and (3) the microvascular
pattern (MVP), which is the pattern of vascular
architecture on the tumor surface such as subepithelial
[13]
capillary. Miyazawa et al
demonstrated that NBI
with magnification enabled detection of the absence of
MSPs, indicating a lack of microstructure, and irregular
MVPs, indicating non-uniformity and heterogeneity of
microvascular structures, depending on the degree of
tumor exposure to the mucosal surface. In contrast,
NBI with magnification indicated that some GA-FGCCPs had normal MSP and MVP. The presence of the
DL, and irregular MVP and MSP, which are specific
features of early gastric adenocarcinoma, may not be
[16]
found in GA-FG-CCP . Because GA-FG-CCP is located
in the deep mucosal layer and is not exposed on the
surface, detection of abnormal inner microstructures
[13]
is prevented by the thick mucosa . Consequently,
evaluation by magnifying endoscopy may be used
to assist, but not to make an accurate diagnosis of
[16]
GA-FG-CCP .
Despite the use of endoscopy, a definite diagnosis is
provided by histopathology. If GA-FG-CCP is suspected
by an endoscopist, a pathologist should perform immu-
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A

B

Figure 1 Endoscopic findings from representative GA-FG-CCP cases. A: White light endoscopy revealed a submucosal tumor-like elevated tumor with a whitish
mucosal surface and dilatation of microvessels. The surrounding mucosa had no atrophic changes (left). Narrow-band imaging with magnification showed an absent
microsurface pattern and irregular microvascular pattern on a small portion of the tumor (right); B: White light endoscopy revealed a submucosal tumor-like elevated
tumor with normal-colored mucosal surface. The surrounding mucosa had no atrophic changes (left). Narrow-band imaging with magnification showed a regular
microsurface pattern and microvascular pattern on the entire tumor surface (right).

Table 2 Endoscopic characteristics of previously reported cases
Author (yr)

Number of Location
patients (U:M:L)

Size (mm,
average)

Macroscopic shape

Color tone

Vessel findings

Elevated
Elevated: 5
Depressed: 5
Elevated
Elevated
Elevated and depressed: 3
Elevated: 10
Elevated
Elevated
Elevated: 6
Depressed: 3
Elevated: 4
Flat: 1
Elevated
Elevated
Depressed

Normal
ND

Vasodilation
ND

ND
ND

ND
ND

Yellowish
Reddish
ND
ND
Whitish
Yellowish
Whitish: 8
Reddish: 2
Whitish: 3
Normal: 2
Reddish
Whitish
Whitish

ND
Vasodilation
ND
ND
Vasodilation
ND
Vasodilation: 5
Normal: 5
Vasodilation: 5

ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND

Regular: 3
Absent: 2
ND
Regular
Absent

Regular: 3
Irregular: 2
ND
Regular
Irregular

Tsukamoto et al[4] (2007)
Ueyama et al[5] (2010)

1
10

U
10:0:0

16
8.6 (4-20)

Fukatsu et al[6] (2011)
Terada et al[7] (2011)
Park et al[8] (2012)
Singhi et al[9] (2012)
Chen et al[10] (2012)
Abe et al[11] (2013)
Ueyama et al[12] (2014)

1
1
3
10
1
1
10

U
U
1:1:1
10:0:0
U
U
6:4:0

5
20
2.6 (1.2-3.6)
4.3 (2-8)
12
ND
9.3 (3-31)

Miyazawa et al[13] (2015)

5

5:0:0

7.8 (5-13)

Parikh et al[14] (2015)
Kato et al[15] (2015)
Fujii et al[16] (2015)

1
1
1

U
U
U

7
15
< 10

Vasodilation
Vasodilation
Vasodilation

NBI with magnification
MSP
MVP

U: upper third; M: middle third; L: lower third; NBI: narrow-band imaging; MSP: microsurface pattern; MVP: microvascular pattern; ND: not described.
[13]

nohistochemical staining to confirm the diagnosis .
The biopsy may be needed for a lesion suggesting a
submucosal or carcinoid tumor but resembling GA-FGCCP in order to distinguish GA-FG-CCP from these
tumors. It is crucial to obtain an adequate amount of
tissue because the tumorous tissue of GA-FG-CCP is
usually located in the deep mucosal layer.
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HISTOPATHOLOGICAL FINDINGS
Histopathological findings from GA-FG-CCP cases are
depicted in Figures 2 and 3. The histopathological
characteristics of the 45 previously reported cases are
shown in Table 3. GA-FG-CCP is a well-differentiated
tubular adenocarcinoma composed of a variety of
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A

B

C

Figure 2 Histopathological findings from a representative GA-FG-CCP case. A: In low-power view, the tumor arose from the deep layer of the lamina propria
mucosa and invaded the submucosal layer (arrowhead). Most of the surface was covered with non-atypical foveolar epithelium; B and C: In high-power view, the
tumor was composed of well-differentiated columnar cells mimicking the fundic gland cells with mild nuclear atypia.

mildly atypical columnar cells that mimic the fundic
[5]
glands . The tumor originates from chief cells, which
lies at the bottom of the fundic glands. A surface of
tumor is primarily covered by non-atypical foveolar
epithelium. Although the majority of tumors exhibit
submucosal invasion, observations of lymphatic or
[5,12,13]
venous invasion are rare
. With regard to biolog
ical behavior, GA-FG-CCPs are expected to be lowgrade malignancies in view of their mild atypia. Due
[9]
to the lack of recurrence or progression, Singhi et al
suggested that the term “GA-FG-CCP” is excessive, and
the lesions should be considered as benign. As an alternative, the authors preferred the term “oxyntic gland
polyp/adenoma” for GA-FG-CCP lesions. Although in
some cases endoscopy revealed chronic atrophic gastritis or intestinal metaplasia, tumors in most cases were
surrounded by the gastric mucosa without pathological
evidence of mucosal changes.
Immunohistochemical analysis using the following
biomarkers is important for the diagnosis of GA-FGCCP: MUC5AC for foveolar cells; MUC6 for mucous neck
cells or pyloric gland cells; MUC2 for goblet cells; CD10
for intestinal brush border cells; and pepsinogen-I
for chief cells. Mucin phenotypes are assessed by the
expression of gastric-type markers such as MUC5AC
and MUC6, and intestinal-type markers such as MUC2
[19]
and CD10 . GA-FG-CCP is categorized as a purely
gastric phenotype because MUC6 is strongly expressed
in GA-FG-CCP which is composed of cells that mimic
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the fundic gland cells. In contrast, MUC5AC-postive
cells, which differentiate into foveolar epithelium, are
[5,9,12,13]
[5]
rarely detected in GA-FG-CCP
. Ueyama et al
speculated that MUC5AC is only expressed in advanced
GA-FG-CCP lesion with a large diameter and massive
submucosal invasion, suggesting that cell differentiation
changes from the fundic gland type to the foveolar type
during disease progression. All of the reported GA-FGCCPs were negative for MUC2 staining, whereas a few
cases displayed CD10 positivity. CD10 expression has
been suggested to occur in GA-FG-CCP with a flat or
depressed shape, which have an intestinal phenotype.
A Flat or depressed lesion is thought to have different
clinicopathological characteristics from GA-FG-CCP with
[12]
an SMT-like elevated shape . Immunohistochemical
analysis for pepsinogen-I, the most specific marker of
differentiation into chief cells, is indispensable for the
diagnosis of GA-FG-CCP.
Regardless of its ability for submucosal invasion,
GA-FG-CCP is generally considered to have a low
potential for malignancy because none of the reported
lesions displayed overexpression of p53 protein or a
[5,9,12,13]
high labeling index of Ki-67
.

DIFFERENTIAL DIAGNOSIS
GA-FG-CCP with an SMT-like elevated shape should be
distinguished from true SMT. In particular, the possibi
lity of diagnosis as a neuroendocrine tumor including
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MUC2

MUC6

Pepsinogen-I

Ki-67

Figure 3 Immunohistochemical analysis of a representative GA-FG-CCP case. The tumor had diffuse positivity for MUC6 and pepsinogen-I, but was negative for
MUC2 staining. The Ki-67 labeling index was very low.

neuroendocrine carcinoma and mixed adenoneuroendocrine carcinoma, has been emphasized. However,
there are some discriminating features between the
two types of lesions. Neuroendocrine tumor has a yellow color, with few vessels on the tumor surface and a
solid appearance, whereas GA-FG-CCP with an SMT-like
elevated shape has a faded whitish color, with vasodilation or some branched vessels on the tumor surface
[12]
and a soft appearance . Histological features of
GA-FG-CCP resemble those of neuroendocrine tumor:
both tumors are composed small round tumor cells
and originate from the deep layer. Although it is a little
difficult to distinguish the two tumors by conventional
hematoxylin and eosin staining, immunohhistochemical
[5]
examination is useful for it. Ueyama et al said these
two types of lesions can be easily distinguished by
immunohistochemical staining using chromogranin
A. Synaptophysin and neural cell adhesion molecule
are expressed in neuroendocrine tumor, but it should
be noted that these markers may also be positive in
[6,20]
GA-FG-CCP
. Moreover, pepsinogen-I positivity is the
most specific finding to characterize GA-FG-CCP.
Because fundic gland polyp (FGP) resembles
normal fundic gland cells and has mild atypia, GA-FG[5,9]
CCP can be misdiagnosed as FGP . Müller-Höcker
[21]
[22]
et al
and Matsukawa et al
have described FGPs
with chief cell hyperplasia. These lesions, which are
not consistent with usual adenocarcinoma, display mild
structural and nuclear atypia and a low Ki-67 labeling
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index, and may be GA-FG-CCP. Histological investigations
[23]
[24]
by Jalving et al and Stolte et al demonstrated that
dysplasia in FGP tends to involve the foveolar epithelium
(mucosal surface), not the fundic gland (deep mucosal
[25]
layer). In a report by Garrean et al , a patient with
familial adenomatous polyposis had gastric adenocarcinomas originating from FGP, but the adenocarcinomas
were thought to originate from the foveolar epithelium,
not the fundic gland. These lesions associated with
FGP, which have a relatively clear margin from the
surrounding mucosa, do not appear to have an SMTlike elevated shape on endoscopic examination.
Gastritis cystica profunda is a distinct diagnosis,
characterized by dilated glands within the submucosal
layer and surrounded by a lamina propria with a nor[5]
mal appearance . On endoscopic ultrasonography, low
echoic lesions are detected in the submucosal layer,
which is useful to discriminate from GA-FG-CCP with an
[26]
SMT-like elevated shape . Histological features that
help to exclude the possibility of malignancy include
the absence of cytologic atypia, lack of desmoplasia,
and the presence of a surrounding lamina propria.
Early gastric cancer, normal gastric mucosa with
focal atrophy, and mucosa-associated lymphoid tissue
lymphoma may resemble GA-FG-CCP with a flat or
[12]
depressed shape . Histopathological examination is
necessary for accurate diagnosis because it is difficult
to distinguish these lesions from GA-FG-CCP using
endoscopy.
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Table 3 Histopathological characteristics of previously reported cases
Author (year)

Tsukamoto et al[4] (2007)
Ueyama et al[5] (2010)

Fukatsu et al[6] (2011)
Park et al[8] (2012)

Number of Background
patients
mucosa
1
10

1
3

Singhi et al[9] (2012)

10

Chen et al[10] (2012)

1

Abe et al[11] (2013)

1

Ueyama et al[12] (2014)

10

Depth (M:SM) Lymphatic Venous MUC2 MUC5AC MUC6 CD10 Overexpression Ki-67
(+:-)
(+:-) (+:-) of p53 (+:-) LI (%,
(μm, average)
invasion invasion (+:-)
average)
(+:-)
(+:-)

ND
M
Normal: 7
1:9
Metaplasia: 1 844 (150 to 4000)
ND: 2
ND
SM, 100
Metaplasia: 2
1:2
Gastritis: 1
Normal: 7
10:0
Gastritis: 3
Normal
SM (Details
unknown)
Normal
SM (Details
unknown)
Normal: 9
5:5
Gastritis: 1 360 (100 to 1200)
Normal: 4
0:5

Miyazawa et al[13] (2015)

5

Parikh et al[14] (2015)

1

Gastritis: 1
ND

Kato et al[15] (2015)
Fujii et al[16] (2015)

1
1

Normal
Normal

(-)
0:10

(-)
0:10

ND
0:10

ND
1:9

(+)
10:0

ND
0:10

ND
0:10

7.9
3.6

(-)
0:3

(-)
0:3

ND
0:3

(-)
3:0

(+)
3:0

ND
0:3

ND
ND

ND
ND

0:10

0:10

0:3

0:10

10:0

ND

(-)

(-)

(-)

(-)

(-)

(-)

0:9
ND: 1
(-)

2.6
(0.2-10)
3.8

(-)

(-)

(-)

(-)

(-)

(-)

(-)

1.9

1:9

0:10

0:10

4:6

10:0

2:8

0:10

8.6 (1-20)

1:4

0:5

0:5

0:5

5:0

ND

0:5

Very low:
5 (Details
unknown)

(-)

(-)

ND

ND

ND

ND

ND

ND

(-)
(-)

(-)
(-)

ND
ND

ND
(-)

(+)
(+)

ND
ND

ND
ND

ND
ND

620 (80 to 1230)
SM (Details
unknown)
SM, 300
SM, 300

LI: labeling index; M: mucosal; SM: submucosal; ND: not described.

TREATMENT AND PROGNOSIS
Recently, the majority of GA-FG-CCPs have been
treated endoscopically. GA-FG-CCP is often considered
to be an indication for endoscopic resection because
of its small tumor size and benign biological behavior.
However, according to the 2010 version of Japanese
gastric cancer treatment guidelines (version 3), endoscopic resection of lesions with submucosal invasion
deeper than 500 µm is deemed to be inadequate with
[27]
respect to curative criteria . Applying this guideline
to reported GA-FG-CCPs, several cases did not meet
curative criteria based on the depth of massive submucosal invasion. Considering the high frequency of sub[15]
mucosal invasion, Kato et al
suggested the efficacy
of the combination of laparoscopic and endoscopic
approaches to neoplasia with non-exposure technique
(CLEAN-NET), a form of non-exposure laparoscopy
and endoscopy cooperative surgery (LECS). CLEANNET may represent a therapeutic option for GA-FGCCP because it facilitates easy resection of tumors
located in the upper third of stomach, whereas ESD
is technically challenging. CLEAN-NET also prevents
excess wall defects and dissemination of cancer cells
into the peritoneal cavity. In contrast to submucosal
invasion, GA-FG-CCP rarely exhibits lymphatic and
venous invasion. None of the reported cases had
recurrence or metastasis, except for a case with local
residual recurrence. However, due to the low number
of reported GA-FG-CCP cases, the rate of lymph node
metastasis and long-term survival in patients with
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GA-FG-CCP showing massive submucosal invasion
remains unclear. Taking into account that GA-FG-CCP is
a low-grade malignancy and relatively common among
the elderly, a future controversy will be whether an
additional therapeutic approach that is suitable for general gastric adenocarcinoma should be administered
to GA-FG-CCP after resection inadequate for current
[13]
curative criteria . GA-FG-CCP is considered to have
a favorable prognosis; however, long-term follow-up
investigations are necessary. Comparative surveys and
prognostic analyses of cases that undergo additional
therapeutic approaches or observation without treatment after resection inadequate for current curative
criteria will be required.

CONCLUSION
Although GA-FG-CCP is rare, it is expected to account
for an increasing proportion of gastric adenocarcinomas. In addition to reports from Japan, data on
non-Japanese cases have been recently published.
GA-FG-CCP tends to have the following features: (1) it
originates commonly from gastric mucosa of the fundic
gland region without chronic gastritis or intestinal
metaplasia; (2) it is likely to be recognized as a lesion
with an SMT-like elevated shape, covered by normalcolored or faded-whitish mucosa, and vasodilatation or
branched vessels on the tumor surface; (3) invasion
of the submucosal layer, despite only mild histological
atypia and rare lymphatic or venous invasion; (4)
expression of immunohistochemical markers such as
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MUC6 and pepsinogen-I; and (5) a low recurrence risk
and favorable prognosis.
It is necessary for endoscopists to pay careful atten
tion to the existence of GA-FG-CCP during routine examinations. Even in the absence of atrophic mucosa due to
H. pylori infection, if a lesion with the above endoscopic
characteristics is recognized, detailed examinations
should be performed for suspected GA-FG-CCP. While
a consensus on conventional white light endoscopy
for diagnosis of GA-FG-CCP has recently been formed,
few reports are available on advanced diagnostic
endoscopy techniques such as NBI with magnification
for GA-FG-CCP. Therefore, it is required to accumulate
further endoscopic and histopathological data to identify the morphological characteristics of GA-FG-CCP.
Furthermore, the biological characteristics of GA-FGCCP, including its natural disease course, the rate of
recurrence, and survival after resection inadequate
for current curative criteria, as well as the genetic
aberrations that trigger carcinogenesis remain to be
elucidated.
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Abstract
AIM
To investigate the capacity of Saccharomyces cerevisiae
(S. cerevisiae ) and Saccharomyces boulardii (S. boulardii )
yeasts to reverse or to treat acute stress-related intestinal
dysmotility.
METHODS
Adult Swiss Webster mice were stressed for 1 h in a
wire-mesh restraint to induce symptoms of intestinal
dysmotility and were subsequently killed by cervical
dislocation. Jejunal and colon tissue were excised
and placed within a tissue perfusion bath in which S.
cerevisiae , S. boulardii , or their supernatants were
administered into the lumen. Video recordings of
contractility and gut diameter changes were converted
to spatiotemporal maps and the velocity, frequency,
and amplitude of propagating contractile clusters (PCC)
were measured. Motility pre- and post-treatment was
compared between stressed animals and unstressed
controls.
RESULTS

Manuscript source: Invited manuscript

S. boulardii and S. cerevisiae helped to mediate the
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effects of stress on the small and large intestine.
Restraint stress reduced jejunal transit velocity (mm/s)
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from 2.635 ± 0.316 to 1.644 ± 0.238, P < 0.001 and
jejunal transit frequency (Hz) from 0.032 ± 0.008 to
0.016 ± 0.005, P < 0.001. Restraint stress increased
colonic transit velocity (mm/s) from 0.864 ± 0.183 to
1.432 ± 0.329, P < 0.001 and frequency to a lesser
degree. Luminal application of S. boulardii helped
to restore jejunal and colonic velocity towards the
unstressed controls; 1.833 ± 0.688 to 2.627 ± 0.664,
P < 0.001 and 1.516 ± 0.263 to 1.036 ± 0.21, P <
0.001, respectively. S. cerevisiae also had therapeutic
effects on the stressed gut, but was most apparent
in the jejunum. S. cerevisiae increased PCC velocity
in the stressed jejunum from 1.763 ± 0.397 to 2.017
± 0.48, P = 0.0031 and PCC frequency from 0.016
± 0.009 to 0.027 ± 0.007, P < 0.001. S. cerevisiae
decreased colon PCC velocity from 1.647 ± 0.187 to
1.038 ± 0.222, P < 0.001. Addition of S. boulardii or S.
cerevisiae supernatants also helped to restore motility
to unstressed values in similar capacity.
CONCLUSION
There is a potential therapeutic role for S. cerevisiae
and S. boulardii yeasts and their supernatants in the
treatment of acute stress-related gut dysmotility.
Key words: Intestine; Saccharomyces cerevisiae ;
Saccharomyces boulardii ; Restraint stress; Motility
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The use of Saccharomyces cerevisiae and
Saccharomyces boulardii yeasts as therapeutic agents

were tested for their ability to reverse the intestinal
discomfort caused by acute stress. Most studies
investigate the role of microbes in the prevention
of stress, however the yeasts showed promising
acute therapeutic effects for the treatment of stress.
Additionally, the residual supernatant (Snt) after
centrifugation of the yeasts was able to recapitulate
much of the effect of the microbes themselves.
Saccharomyces yeasts or Snt may be potential probiotic
therapies in the treatment of acute stress-related
intestinal dysmotility.
West C, Stanisz AM, Wong A, Kunze WA. Effects of Saccharomyces
cerevisiae or boulardii yeasts on acute stress induced intestinal
dysmotility. World J Gastroenterol 2016; 22(48): 10532-10544
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v22/i48/10532.htm DOI: http://dx.doi.org/10.3748/wjg.v22.
i48.10532

INTRODUCTION
Most studies on beneficial ingested microbes including
probiotics have focused primarily on bacteria. However,
beneficial roles have been ascribed to certain yeasts,
[1]
such as the sugar-fermenting Saccharomyces . Saccha
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romyces boulardii (S. boulardii) and Saccharomyces
cerevisiae (S. cerevisiae) are two closely related strains
used either as a probiotic or in the preparation of food
and wine. The two strains have been closely examined;
revealing that although they are nearly identical at a
molecular level, S. boulardii shows more physiological
[2]
resistance to heat and acid stressors . It should also
be noted that S. boulardii does not produce ascospores
[3,4]
or use galactose, while S. cerevisiae does .
S. boulardii has been systematically studied for
[5]
its beneficial and probiotic effects , but S. cerevisiae
[1]
has limited research supporting a probiotic role . S.
boulardii has been used to help in the prevention of
antibiotic or Clostridium difficile induced diarrhea, and
there is evidence that it may be useful in attenuating
[5,6]
acute gastroenteritis and traveller’s diarrhea
.
Another study showed that treatment with S. boulardii
helped to shorten the duration of acute diarrhea in
children and to normalize the frequency and consistency
[7]
of stool . S. boulardii may also help in the treatment of
bowel inflammation and infection by reversing mucosal
[8]
injury .
S. cerevisiae food and wine strains have a long
[9]
history in the food and wine industry and are generally
[1]
considered safe for consumption . Suggestive for a
potential beneficial role for S. cerevisiae are reports
indicating that this strain may provoke immune stimu
[10]
lation in mice infected with Staphylococcus aureus .
Supplementation with a S. cerevisiae I-3856 strain
may improve symptoms in constipation-predominant
[11]
irritable bowel syndrome patients . There is also
evidence that a S. cerevisiae UFMG 905 strain can
bind to bacteria and modulate inflammation pathways
in a murine model of Salmonella enterica serovar
[12]
Typhimurium infection . In summary, there appears
to be published data supporting roles for S. boulardii
or S. cerevisiae as beneficial or probiotic microbes. The
evidence seems to be stronger for S. boulardii than S.
cerevisiae, perhaps because the latter has been less
frequently investigated in this regard.
We used an acute ex vivo, before and after, motility
recording paradigm similar to that used previously
to test for the effects of JB-1™ on stress-induced
[13]
dysmotility . Saccharomyces or Saccharomyces
supernatant (Snt) were added to the Krebs buffer
perfusing the lumen of isolated, previously stressed
or unstressed, mouse intestinal segments. Treatment
effects were interpreted by comparing propagating
contractile clusters (PCC) of control with treatment
recording periods. The ex vivo design allowed us to
localize any effects to the intestine, thus avoiding
multisystem homeostatic feedback between the
gut and its extrinsic nervous system. This design
also allowed us to separate treatment effects from
confounding preventative actions, as would have been
the case if the yeasts had been fed to the animal.
The preventative effect of Saccharomyces strains
in relation to diarrhea suggests a possible action on
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disordered gut motility. It has not been experimentally
tested whether S. boulardii or S. cerevisiae are able
to treat (effectively reverse) stress-related dysmotility
in an experimental model. We have recently shown
that restraint stress induces colonic propulsive
hypermotility, while disorganizing and reducing
[13]
motility in the small intestine . The effects of stress
on motility could be reversed ex vivo by introducing
a bacterial probiotic (Lactobacillus rhamnosus JB-1™)
[13]
into the lumen . The example of JB-1™ in treating
stress-induced dysmotility provides a way to compare
putative beneficial actions of the Saccharomyces
strains with a probiotic bacterium whose effects on
motility and the enteric nervous system have been
[14-20]
previously studied
.

MATERIALS AND METHODS
Animals

We used 6-8-wk-old adult male Swiss Webster mice
(20-30 g) from Charles River Laboratories (Wilmington,
MA, United States). All procedures following acute
[20]
restraint were ex vivo
and their conduct were
approved by the Animal Research Ethics Board of
McMaster University (AUP 12-05-17).

Gut motility

The following experiments and data analysis were
[13]
performed as described as in West et al . Mice were
placed in a wire mesh restraint device for 1 h or kept
in their cage for 1 h; after which they were killed by
cervical dislocation. A 4 cm long segment of jejunum
or colon was excised and placed into a tissue bath
[20]
perfusion chamber . The oral and anal ends were
cannulated with silicone tubing and the oral end was
attached to a stopcock manifold, allowing inflow with
oxygenated Krebs buffer or buffer to which yeast or
Snt had been added. Krebs buffer was of the following
composition (mmol/L): 118 NaCl, 4.8 KCl, 25 NaHCO3,
1.0 NaH2PO4, 1.2 MgSO4, 11.1 glucose, and 2.5 CaCl2
bubbled with carbogen gas (95% O2 and 5% CO2).
PCCs were evoked by filling the lumen with Krebs
buffer using a pressure differential of 2 hPa (cmH2O)
for the inflow and 3 hPa for outflow for jejunum, and
2-3 hPa for colon inflow with the outflow raised 1 cm
above the inflow.
Contractions of the gut were video-recorded on a
JVC camcorder placed 10 cm above the tissue bath.
Conversion of videos to spatiotemporal diameter maps
(Dmaps) were performed using Image J software, as
[20]
described in Wu et al . Dmaps are a form of heat
map in which the oral to anal propagation of the
intestine runs down the vertical axis and time runs
across the horizontal axis. The intestine’s diameter
is colour coded using red to represent contraction,
and yellow to green to represent varying degrees of
relaxation (Figure 1). PCCs are identified in Dmaps
[13]
as described in West et al . The PCCs appear as
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[20]

broad bands
that propagate in the oral to anal
direction. They are believed to require ENS activity
because they are abolished by the Na channel blocker
[18-23]
tetrodotoxin
. From these Dmaps, velocity can be
measured as the slope of the bands (distance/time),
frequency from the intervals between the bands, and
amplitude as the difference between gut diameters.

Luminal stimuli

Lyophilized S. boulardii CNCM I-1079 or S. cerevisiae
LYCC 6029 were obtained from Lallemand Health
Solutions (Montreal, QC, CA). The microbes (starter
counts) were diluted in 50 mL Krebs buffer and
incubated for 45 min at 37 ℃. In pilot experiments,
7
8
9
5 × 10 , 5 × 10 and 5 × 10 starter counts of S.
boulardii reduced PCC velocity in unstressed colon
segments by 5%, 25% and 27%. We thus used 5
8
× 10 -lyophilized microbes for dilution in all other
experiments as this starter count produced near
maximal effect in the pilots. In some experiments we
used S. boulardii or S. cerevisiae Snt after completion
of the incubation period. The microbes were diluted
and incubated as previously described above. The Snt
was separated from the post-incubation yeast microbe
solution by centrifugation at 1400 g. using a Beckman
Model TJ-6 centrifuge for 30 min. After sediment
removal, the mixture was passed through a 0.2 µm
pore-size filter and the filtered Snt was applied to the
lumen of gut segment to be tested.

Statistical analysis

Effects of restraint stress on motility were measured in
unpaired experiments by comparing velocity, frequency
and peak amplitude for PCCs. The same parameters
were compared before and after application of S.
boulardii, S. cerevisiae, or their Snt. Control recordings
were made in stressed or unstressed mice perfused
with Krebs for a maximum of 20 min. Treatment
recordings were made during and after addition of
one of the stimuli (yeast or Snt) to the same segment
for additional 20 min duration. Descriptive statistics
were given as mean ± SD (N, where N denotes the
number of mice used). In the results, treatment effect
sizes are presented as % mean differences and the
probability of superiority (PS) based on distribution of
difference scores and standard deviations is presented
[24]
in brackets . Differences were also presented in the
tables using unpaired or paired t tests under the null
hypothesis of no difference.

RESULTS
Effects of stress on PCCs

Stress had different effects on the jejunum vs the colon.
Stress decreased propulsive motility and decreased the
regularity of PCCs in jejunum, but increased motility in
colon (Figure 1). Stress decreased jejunal PCC velocity
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Figure 1 Effects of acute restraint stress on gut contractility, ex vivo. A and C: Plot PCC velocity, frequency, and peak amplitude in the jejunum and colon
respectively. The bar graphs show the mean difference between the control and treatment parameters. Stress decreased PCC velocity (P < 0.001) and frequency (P
< 0.001) and increased peak amplitude in the jejunum (P < 0.001). Stress increased PCC velocity (P < 0.001) and frequency (P = 0.008), but had virtually no effect on
peak amplitude in the colon (P = 0.902); B and D: Spatiotemporal diameter maps demonstrating contractility of the gut over time. The colour scale of the heat maps
denote gut diameter starting from red for the smallest diameter (contraction) to green for the largest diameter (relaxation). The contractions run orally to anally across
the vertical axis, and across time along the horizontal axis. Above the heat map is a plot of diameter vs time or a single time-point along the vertical (oral-anal) axis,
which is denoted by the horizontal line. The total vertical length of the map is 20 mm and time is 480 s for the jejunum and 560 s for the colon. The scale bar measures
1 min (60 s) horizontally and 2 mm vertically. All subsequent spatiotemporal (Dmaps) followed the same parameters.
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Table 1 Effects of stress on gut propagating contractile clusters
Tissue

Unstressed

Stressed

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

2.635 ± 0.316 (17)
0.864 ± 0.183 (17)
0.032 ± 0.008 (17)
0.005 ± 0.001 (17)
0.437 ± 0.020 (17)
0.640 ± 0.118 (17)

1.644 ± 0.238 (17)
1.432 ± 0.329 (17)
0.016 ± 0.005 (17)
0.007 ± 0.001 (17)
0.790 ± 0.015 (17)
0.645 ± 0.101 (17)

< 0.001
< 0.001
< 0.001
0.008
< 0.001
0.902

Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

A

Jejunum

2
1
0

-1

+boulardii
Unstressed

0.06
0.04
0.02
0.00
-0.02
-0.04

B

+boulardii
Unstressed

0.5
0.0
-0.5

+boulardii
Unstressed

Differences frequency

0.5
0.0
-0.5
-1.0

+boulardii
Unstressed

Differences peak amplitude

Colon
1.0

Differences velocity

1.0

Differences peak amplitude

Differences frequency

Differences velocity

3

0.010
0.005
0.000
-0.005
-0.010

+boulardii
Unstressed

0.2
0.0
-0.2
-0.4
-0.6

+boulardii
Unstressed

Figure 2 Saccharomyces boulardii increased motility across most parameters in the unstressed jejunum and decreased motility across parameters in the
unstressed colon, ex vivo. Mean differences in parameters are plotted (unpaired) and standard deviations of the mean are indicated. A: Saccharomyces boulardii
(S. boulardii) increased PCC velocity and frequency, but had little to no effect on peak amplitude, in the unstressed jejunum; B: S. boulardii decreased PCC velocity,
frequency, and peak amplitude in the unstressed colon.

by 38% (PS = 99%, P < 0.001), but increased it by
66% (PS = 98%, P < 0.001) for colon (Table 1 and
Figure 1). Frequency decreased by 50% (PS = 99%,
P < 0.001) for jejunum, but increased by 27% (PS =
93%, P = 0.008) for colon. Peak amplitude increased
by 81% (PS = 99%, P < 0.001) for jejunum and by 1%
(PS = 51%, P = 0.902) for colon.

S. boulardii unstressed gut

S. boulardii increased PCC velocity in unstressed
jejunum by 26% (PS = 94%, P < 0.001), but
decreased velocity by 27% (PS = 89%, P < 0.001)
for colon. Frequency was increased by 19% (PS =
74%, P = 0.030) for jejunum, but decreased by 22%
(PS = 85%, P = 0.005) for colon. Peak amplitude
increased by 6% (PS = 60%, P = 0.290) for jejunum,
but decreased by 13% (PS = 85%, P = 0.005) for
colon (Table 2). Figure 2 also shows paired mean
differences (Unstressed + S. boulardii Unstressed)
with 95%CIs. When the confidence intervals did not
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straddle the “difference = 0” line, the value of no
paired difference was excluded for these intervals with
[25]
95% confidence ; when it did straddle the “difference
= 0” line the value of no paired difference was included
within the 95%CIs.

S. boulardii stressed gut

S. boulardii counter the effects of stress in both
jejunal and colon segments, with the exception of
peak amplitude (Figure 3 and Table 3). S. boulardii
restored the regularity and frequency of contractions in
both tissues, as shown in Figure 3. There is a marked
increase in frequency of bands in the jejunal Dmap
and a decrease in the colon Dmap. Addition of S.
boulardii increased velocity by 43% (PS = 93%, P <
0.001) for stressed jejunum and decreased velocity by
32% (PS = 96%, P < 0.001) for colon. PCC frequency
was increased by 69% (PS = 85%, P = 0.005) for
jejunum but decreased by 29% (PS = 90%, P = 0.001)
for colon. Peak amplitude changed by +1% (PS =
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Figure 3 Saccharomyces boulardii reduced the effects of acute stress on the small and large intestine. A and C: Mean paired differences, using 95%CIs
across parameters for jejunum and colon [(Stressed + S. boulardii) - stressed]. Saccharomyces boulardii (S. boulardii) increased jejunal velocity and frequency after
stress. S. boulardii decreased colonic velocity and frequency after stress. S. boulardii had little to no effect on peak amplitude in the stressed jejunum and colon. Mean
differences straddled 0 for peak amplitude in both jejunum and colon; B and D: Dmaps comparing stressed jejunum and colon before and after addition of S. boulardii.
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Table 2 Effects of Saccharomyces boulardii on propagating contractile clusters in unstressed gut
Tissue

Unstressed

+boulardii

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

2.556 ± 0.299 (32)
0.865 ± 0.148 (27)
0.030 ± 0.018 (33)
0.009 ± 0.004 (27)
0.587 ± 0.241 (33)
0.621 ± 0.190 (27)

3.229 ± 0.620 (32)
0.633 ± 0.225 (27)
0.035 ± 0.025 (33)
0.007 ± 0.003 (27)
0.623 ± 0.291 (33)
0.543 ± 0.179 (27)

< 0.001
< 0.001
0.030
0.005
0.290
0.005

Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Table 3 Effects of Saccharomyces boulardii on propagating contractile clusters in stressed gut
Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Tissue

Stressed

+boulardii

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

1.833 ± 0.688 (26)
1.516 ± 0.263 (24)
0.019 ± 0.013 (26)
0.010 ± 0.003 (24)
0.692 ± 0.215 (26)
0.719 ± 0.249 (24)

2.627 ± 0.664 (26)
1.036 ± 0.210 (24)
0.032 ± 0.024 (26)
0.007 ± 0.003 (24)
0.698 ± 0.212 (26)
0.657 ± 0.152 (24)

< 0.001
< 0.001
0.005
0.001
0.705
0.259

A
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0.004
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Figure 4 Saccharomyces cerevisiae slightly increased parameters in both the unstressed small and large intestine (excluding colon peak amplitude). A:
95%CIs for paired mean differences were near 0 for jejunal peak amplitude. Jejunal PCC velocity and frequency slightly increased; B: Saccharomyces cerevisiae (S.
cerevisiae) had less potent effects in the colon, slightly increasing PCC velocity and frequency, but decreasing peak amplitude. PCC: Propagating contractile clusters.

56%, P = 0.705) for jejunum and decreased by 9% (PS
= 68%, P = 0.259) for colon. Mean paired differences
(Stressed + S. boulardii Stressed) are given in Figure
3B and D with their 95%CIs. Washout with Krebs
buffer for 20 min during the control period did not
moderate the effects of S. boulardii on the stressed
segments.

9% (PS = 71%, P = 0.017) for jejunum and 9% (PS
= 73%, P = 0.161) for colon. Frequency increased
by 13% (PS = 64%, P = 0.003) for jejunum and by
6% (PS = 63%, P = 0.462) for colon, while peak
amplitude increased by 7% (PS = 61%, P = 0.242) for
jejunum, but decreased by 9% (PS = 73%, P = 0.164)
for colon.

S. cerevisiae unstressed gut

S. cerevisiae stressed gut

S. cerevisiae had the most noticeable effect on the
jejunum (Figure 4 and Table 4). Velocity increased
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S. cerevisiae reduced most of the effects of stress,
except for those of colon PCC frequency and amplitude
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Table 4 Effects of Saccharomyces cerevisiae on propagating contractile clusters in unstressed gut
Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Tissue

Unstressed

+cerevisiae

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

2.779 ± 0.499 (43)
0.788 ± 0.212 (23)
0.027 ± 0.012 (43)
0.0051 ± 0.001 (23)
0.409 ± 0.111 (43)
0.559 ± 0.176 (23)

3.017 ± 0.457 (43)
0.858 ± 0.257 (23)
0.031 ± 0.008 (43)
0.0054 ± 0.001 (23)
0.438 ± 0.098 (43)
0.508 ± 0.15 (23)

0.017
0.161
0.003
0.462
0.242
0.164

Table 5 Effects of Saccharomyces cerevisiae on propagating contractile clusters in stressed gut
Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Tissue

Stressed

+cerevisiae

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

1.763 ± 0.397 (23)
1.647 ± 0.187 (23)
0.016 ± 0.009 (23)
0.008 ± 0.002 (23)
0.761 ± 0.316 (23)
0.640 ± 0.101 (23)

2.017 ± 0.480 (23)
1.038 ± 0.222 (23)
0.027 ± 0.007 (23)
0.008 ± 0.003 (23)
0.559 ± 0.148 (23)
0.597 ± 0.103 (23)

0.0031
< 0.001
< 0.001
0.994
0.013
0.190

Table 6 Effects of Saccharomyces boulardii supernatant on propagating contractile clusters in stressed gut
Parameter
Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Tissue

Stressed

+boulardii Snt

P value (t test)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

1.97 ± 0.39 (6)
1.588 ± 0.194 (6)
0.020 ± 0.014 (6)
0.010 ± 0.001 (6)
0.75 ± 0.285 (6)
0.65 ± 0.188 (6)

2.585 ± 0.468 (6)
1.11 ± 0.383 (6)
0.044 ± 0.027 (6)
0.007 ± 0.003 (6)
0.737 ± 0.187 (6)
0.701 ± 0.09 (6)

< 0.001
0.038
0.067
0.024
0.93
0.59

(Figure 5 and Table 5). Velocity was increased by 14%
(PS = 89%, P = 0.0031) for jejunum and decreased
by 37% (PS = 98%, P < 0.001) for colon. Frequency
was increased by 74% (PS = 95%, P < 0.001) for
jejunum, but there was only a 0.1% (PS = 50%, P =
0.994) change for colon. Peak amplitude decreased
by 27% (PS = 86%, P = 0.013) for jejunum and 7%
(PS = 72%, P = 0.190) for colon. The Dmaps in Figure
5B and D show the regulation of jejunal motility by
S. cerevisiae, with less potent effects on the colon.
However the degree in which the contractions change
in diameter appear to be lessened in the colon after
addition of S. cerevisiae, and is apparent by the
reduced frequency of red, strong contractions.

S. boulardii Snt stressed gut

S. boulardii Snt decreased the effects of stress on PCC
parameters, except for peak amplitude (Figure 6 and
Table 6). Velocity increased by 31% (PS = 99.9%, P
< 0.001) for jejunum, but decreased by 30% (PS =
99.9%, P = 0.038) for colon. Frequency increased
by 114% (PS = 99.9%, P = 0.067) for jejunum and
decreased by 37% (PS = 99%, P = 0.024) for colon.
However, peak amplitude only decreased by 2% (PS =
56%, P = 0.930) for jejunum and increased 8% (PS =
74%, P = 0.590) for colon.

WJG|www.wjgnet.com

S. cerevisiae Snt stressed gut

S. cerevisiae Snt reduced the effects of stress for colon
velocity, jejunal frequency and peak amplitude for
jejunum and colon (Figure 7 and Table 7). Effects on
other parameters were minor. Velocity decreased by
7% (PS = 56%, P = 0.970) for jejunum but decreased
by 38% (PS = 99%, P = 0.002) for colon. Frequency
increased by 64% (PS = 83%, P = 0.003) for jejunum
and decreased by 2% (PS = 60%, P = 0.830); also,
peak amplitude decreased by 35% (PS = 99%, P =
0.0016) for jejunum while it decreased by 31% (PS =
99%, P = 0.100) for colon.

DISCUSSION
We have used an ex vivo intestinal segment perfusion
setup to show that S. boulardii or S. cerevisiae reverse
much of the jejunal or colonic dysmotility induced by
restraint stress. There is sometimes a potential for
normal commensal, or otherwise beneficial, yeasts
to adopt a pathological role in immune-compromised
individuals. It is therefore of interest that the Snt from
either Saccharomyces strains recapitulate much of
the treatment effects of the live yeasts. Because the
yeasts were applied intraluminally in ex vivo intestinal
segments the treatment effect must have occurred
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Figure 5 Saccharomyces cerevisiae helped to reduce dysmotility in the stressed gut, with most visible effects on the jejunum. A and C: Saccharomyces
cerevisiae (S. cerevisiae) increased stressed jejunal propagating contractile clusters velocity and decreased velocity in the stressed colon. S. cerevisiae increased
jejunal frequency and slightly decreased peak amplitude in both the colon and jejunum. 95%CIs straddled 0 for mean paired differences in colonic frequency; B and
D: Dmaps representing the stressed gut before and after addition of S. cerevisiae. S. cerevisiae helped to restore jejunal motility after stress. S. cerevisiae had less
potent effects on the stressed colon, but helped to ease some of the dysmotility.

WJG|www.wjgnet.com

10540

December 28, 2016|Volume 22|Issue 48|

West C et al . Saccharomyces relieve stressed gut dysmotility
Table 7 Effects of Saccharomyces cerevisiae supernatant on propagating contractile clusters in stressed gut

Velocity (mm/s)
Frequency (Hz)
Peak amplitude (mm)

Jejunum
Colon
Jejunum
Colon
Jejunum
Colon

A

0.466 ± 0.122 (6)
1.018 ± 0.245 (6)
0.029 ± 0.004 (6)
0.0074 ± 0.001 (6)
0.466 ± 0.122 (6)
0.510 ± 0.202 (6)

P value (t test)
0.97
0.002
0.003
0.83
0.0016
0.10

Jejunum

0.8
0.6
0.4
0.2
0.0
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0.02
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0.741 ± 0.177 (6)
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Figure 6 Addition of Saccharomyces boulardii supernatant to the stressed lumen recapitulated much of the effect of the boulardii yeast. A: Saccharomyces
boulardii (S. boulardii) Snt increased PCC velocity and frequency in the stressed jejunum. 95%CIs straddled 0 for mean paired differences in jejunal peak amplitude,
showing no effect; B: S. boulardii Snt decreased PCC velocity and frequency in the stressed colon. S. boulardii Snt had little effect (very little increase) on stressed
colonic peak amplitude and again the 95%CIs straddled 0 for mean paired differences. PCC: Propagating contractile clusters.
[13]

locally within the intestine . Therefore, it could not
have involved the hypothalamic-pituitary-adrenal axis
or other central structures. The relative short latency
approximately 10 min) for the onset of the therapeutic
effect is consistent with a drug-like pharmacological
mode of action, however, fast indirect modes of action
involving immune cells cannot be excluded, although
we consider the latter possibility to be less likely than
the former.
There have been previous reports of the acute ex
vivo actions of bacterial, but not fungal microbes on
[20]
intestinal motility (see discussion in ). Such effects
appear to be region specific with different actions for
[20]
small vs large intestine . It is important to note that
others have also reported a short (approximately 10
min) latency in onset for microbial effects on intestinal
[18,26]
propulsive motility
, consistent with a drug-like
pharmacological action of the microbes on the neuro
muscular machinery. This supporting finding as well as
the region-specific, local effect on the intestine leads

WJG|www.wjgnet.com

us to believe the effect is most likely pharmacological
in action.
Wrap restraint has been reported to increase
the contractile amplitudes in the small intestine and
colon, while decreasing frequency in small intestine
[13,27]
and increasing frequency in colon
. As far as
we are aware the only other publication to date
referring to treatment effects of beneficial microbes
[13]
on stress-induced dysmotility is West et al
in which
Lactobacillus rhamnosus JB-1™ reversed the effects
of prior stress. S. boulardii or S. cerevisiae were also
effective in reversing most, but not all of the stressinduced dysmotility. S. boulardii was particularly
effective in reversing the effects of stress in both the
jejunum and colon. S. boulardii also had similar effects
in the unstressed gut as the stressed, increasing PCC
frequency and velocity in the jejunum and decreasing
PCC frequency and velocity in the colon. These
effects on the unstressed gut were predictive of the
restoration of the stressed gut towards unstressed
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Figure 7 Addition of Saccharomyces cerevisiae supernatant to the stressed lumen had some therapeutic effect, but not across parameters. A:
Saccharomyces cerevisiae (S. cerevisiae) Snt had little effect on stressed jejunal PCC velocity. S. cerevisiae Snt increased stressed jejunal PCC frequency and
decreased peak amplitude; B: S. cerevisiae Snt decreased both stressed colonic PCC velocity and peak amplitude. There was no effect on stressed colon PCC
frequency.

measures.
S. boulardii and S. cerevisiae are nearly identical
genetically, but differ in resistance to temperature and
[2]
acidic stressors and growth characteristics . Similarly,
the treatment effects of S. boulardii and S. cerevisiae
were not identical, indicating that despite their genetic
similarity the functional interaction of these microbes
or their Snt with the host intestine is functionally
different and region specific. There is clearly a need
to identify the bioactive molecules released by the
yeasts and those that mediate the motility modifying
effects on the host tissue. This is likely a difficult task
since there is no reason to suppose that only a single
molecule is the mediator for anyone strain; yeasts like
other microbes produce a multitude of molecules, of
which any combination could potentially be effective. A
similar logic applies to bacterial microbes with motility
modifying effects. Previous research on Lactobacillus
rhamnosus JB-1™ isolated the molecule-containing
microvesicles of the bacteria and tested them for their
individual effect. Application of the microvesicles to
the gut epithelium replicated the effects of the JB-1™
[28]
bacteria on enteric neurons . In similar fashion, fur
ther isolating components of the Snt and evaluating
their effects may help to narrow down the underlying
bioactive molecules.
The results of the present paper suggest that there
may be other yeasts with potential therapeutic actions
in animal models of stress. Our ex vivo perfusion
setup may provide a relatively simple, though not
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high throughput, method to screen yeasts or fungi
for beneficial effects on the host intestine. Previously
discussed results of S. cerevisiae and S. boulardii
clinical trials further support the therapeutic potential
[7,11]
of Saccharomyces yeasts in humans
. We predict
that the beneficial or probiotic potential of fungi and
yeasts is set to expand with increased research,
initially in animal models followed by human trials.
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contractile clusters (PCCs) that decrease motility in the jejunum and increase
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Most stress and probiotic research studies focus on the prevention of stressrelated symptoms on the intestinal tract. The use of probiotics, including yeasts,
is an emerging treatment option for gastrointestinal disorders, particularly in
exchange for antibiotics.

Innovations and breakthroughs

This is first evidence of Saccharomyces yeasts acting in the pre-clinical
treatment of stress-related gut dysmotility. It is also the first evidence of
Saccharomyces supernatant (yeast microbes removed) having a beneficial
effect on gut motility and the treatment of stress.

Applications

The data suggests that Saccharomyces yeasts may be potential therapeutic

10542

December 28, 2016|Volume 22|Issue 48|

West C et al . Saccharomyces relieve stressed gut dysmotility
treatments for stress-related dysmotility in the intestine. Additionally,
Saccharomyces supernatants cause similar effects as their respective yeasts,
and might also play a therapeutic role. However, more animal experiments are
needed to better support these results.

Terminology

PCCs or propagating contractile clusters are sweeping bands of intestinal
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Abstract
AIM
To evaluate the effects of asymmetric dimethylarginine
(ADMA) in renal arteries from portal hypertensive and
cirrhotic rats.
METHODS
Rat renal arteries from Sham (n = 15), pre-hepatic
portal hypertension (PPVL; n = 15) and bile duct
ligation and excision-induced cirrhosis (BDL; n = 15)
were precontracted with norepinephrine, and additional
-6
-3
contractions were induced with ADMA (10 -10 mol/L),
an endogenous inhibitor of nitric oxide (NO) synthase.
Concentration-response curves to acetylcholine (1 ×
-9
-6
10 -3 × 10 mol/L) were determined in precontracted
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renal artery segments with norepinephrine in the
absence and in the presence of ADMA. Kidneys were
collected to determine the protein expression and
activity of dimethylarginine dimethylaminohydrolase
(DDAH), an enzyme that catabolizes ADMA.
RESULTS
In renal arteries precontracted with norepinephrine,
ADMA caused endothelium-dependent contractions.
The pD2 values to ADMA were similar in the Sham and
PPVL groups (4.20 ± 0.08 and 4.11 ± 0.09, P > 0.05,
respectively), but were lower than those of the BDL
group (4.79 ± 0.16, P < 0.05). Acetylcholine-induced
endothelium-dependent relaxation that did not differ,
in terms of pD2 and maximal relaxation, among the
-4
3 groups studied. Treatment with ADMA (3 × 10
mol/L) inhibited acetylcholine-induced relaxation in
the 3 groups, but the inhibition was higher (P < 0.05)
in the BDL group compared with that for the Sham
and PPVL groups. The mRNA and protein expression
of DDAH-1 were similar in kidneys from the three
groups. Conversely, DDAH-2 expression was increased
(P < 0.05) in PPVL and further enhanced (P < 0.05)
in the BDL group. However, renal DDAH activity was
significantly decreased in the BDL group.
CONCLUSION
Cirrhosis increased the inhibitory effect of ADMA on
basal- and induced-release of NO in renal arteries, and
decreased DDAH activity in the kidney.
Key words: portal hypertension; cirrhosis; nitric oxide;
asymmetric dimethylarginine; nitric oxide inhibitors;
dimethylarginine dimethylaminohydrolase
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cirrhosis is associated with renal dysfunction
and renal vasoconstriction. This constriction leads to
decreased renal blood flow and glomerular filtration.
Decreased nitric oxide (NO) bioavailability is involved
in these effects. Although plasma levels of asymmetric
dimethylarginine (ADMA), an endogenous inhibitor of
NO synthase, are increased in cirrhosis, the effects
of ADMA on renal arteries under this pathological
condition are unknown. Therefore, the present work
studied the effects of ADMA on basal- and stimulatedNO release in renal arteries from portal hypertensive
and cirrhotic rats and the renal expression and activity
of dimethylarginine dimethylaminohydrolase, an
enzyme that catabolizes ADMA.
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INTRODUCTION
The progression of cirrhosis is frequently associated
with an impairment in renal function manifested by
the appearance of sodium and water retention and
the accumulation of fluid within the interstitial tissue
[1]
and peritoneal cavity . As the disease develops,
vasoconstriction of the renal vascular bed commonly
results in a reduced glomerular filtration rate and
[2]
eventually in renal failure . The mechanisms leading
to renal dysfunction in cirrhosis involve the activation
of the vasoconstrictor and sodium-retaining systems in
[1]
an attempt to preserve the tubular function .
In the kidney, nitric oxide (NO) has numerous
physiological roles including the regulation of renal
[3,4]
hemodynamics . Studies using NO synthase (NOS)
inhibitors have demonstrated that NO plays a signi
ficant role in maintaining normal vascular tone in the
[4,5]
renal vascular bed . Basal release of NO from the
[6,7]
vessel wall has been described in humans
and in
[8]
human renal artery . In the kidney, the basal release
of NO induces a substantially lower vascular resistance
[4,5]
compared to other organs .
G
G
The plasma levels of N ,N -asymmetric dimethy
[9]
larginine (ADMA), an endogenous NOS inhibitor ,
are significantly increased in various pathological
[10,11]
conditions, including end-stage chronic renal failure
,
[12-14]
[15]
cirrhosis
and hepatorenal syndrome . In human
renal artery, ADMA induces a progressive inhibition of
NO synthesis and a diminished response to endothelium[8]
mediated relaxation . In spite of the increased ADMA
plasma levels in patients with cirrhosis and hepato
renal syndrome, the role of ADMA in renal dysfunction
associated to cirrhosis has almost been overlooked,
and no attempt has been made to determine the
effects of ADMA on the vascular tone of renal arteries
during portal hypertension and cirrhosis.
Dimethylarginine dimethylaminohydrolase (DDAHs)
degrade ADMA to citrulline and dimethylamine, whereas
G
N -nitro-L-arginine methyl ester (L-NAME), another
[16,17]
inhibitor of NOS, is not degraded by DDAHs
. DDAHs
[18]
are expressed as type 1 and 2 isoforms and are widely
distributed in various organs and tissues, including the
[18-20]
kidney and renal vascular bed
.
The present study hypothesized that one mecha
nism involved in the renal vasoconstriction associated
with cirrhosis could be the elevated levels of ADMA
in cirrhosis that may decrease basal- and inducedrelease of NO by the endothelium of renal vessels. To
verify this, the present study investigated the effects of
ADMA and L-NAME on both the basal, as well as the
stimulated release of NO in the renal arteries of rats
with pre-hepatic portal hypertension without cirrhosis
and in rats with portal hypertension and secondary
biliary cirrhosis induced by ligation and excision of the
bile duct. Furthermore, it assessed the effects of portal
hypertension and cirrhosis on the renal expression of
DDAH-1, DDAH-2 and renal DDAH activity.

10546

December 28, 2016|Volume 22|Issue 48|

Segarra G et al . Asymmetric dimethylarginine and cirrhosis

MATERIALS AND METHODS
Male Sprague-Dawley rats (200-250 g) were acquired
from Charles River, and housed according to institutional
guidelines (constant room temperature 22 ℃, 12 h
light/dark cycle, 60% humidity, standard rat chow
and water ad libitum). All protocols were approved by
the Institutional Ethics Committee at the University
of Valencia (No. UV20121124), and conformed to the
Guide for the Care and Use of Laboratory Animals
published in Directive 2010/63/EU of the European
Parliament.
Rats were assigned to a sham-operated (Sham)
group (n = 15), partial portal vein ligation (PPVL)
group (n = 15) or bile duct ligation and excision (BDL)
group (n = 15) in a random way. After induction of
anesthesia by isoflurane (5%, by induction chamber),
rats received isoflurane 2%-3% by mask. To assess
the adequacy of anesthesia during the surgery,
parameters such as responsiveness (e.g., no response
to toe pinching), respiratory rate, and heart rate were
monitored. Analgesia with Butorphanol was used
pre-operatively for preemptive analgesia and postoperatively every 4-12 h during the day of the surgery.

Surgical procedures

Surgical procedures were performed as described
[21]
previously . Briefly, pre-hepatic portal hypertension
induced by partial portal vein ligation was performed
by placing a 20-gauge needle on the portal vein. A
non-absorbable surgical thread ligature was placed
around the needle and portal vein, and the needle
was then withdrawn. The studies were performed
14-16 d after PPVL, when the hyperdynamic cir
culation accompanying portal hypertension was fully
established. Secondary biliary cirrhosis was induced
by bile duct ligation and excision. The bile duct was
cut between a ligature close to the hilum of the liver
and another one close to the duodenum. The studies
were performed 28 d after BDL when secondary biliary
cirrhosis had developed. For the sham operation, the
duodenum, portal vein, and bile duct were exposed
during laparotomy, and the abdomen was closed 15
min later.
On the day of the experiment, mean arterial pres
sure (MAP) and portal pressure (PP) measurements
were performed while the rats were kept under
[21]
isoflurane anesthesia, as previously described .
Briefly, MAP and PP were measured by catheterization
of the right carotid artery and ileocolic vein, respectively.
Pressure was transmitted through a Statham pressure
transducer and recorded continuously. The external zero
reference was placed at the midportion of the rat.

Biochemical analysis

Blood drawn from the carotid artery in the anesthetized
rat was collected after hemodynamic assay. The plasma
was separated and stored at -20 ℃ until total bilirubin
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and creatinine levels were assayed in an autoanalyzer,
according to the manufacturer’s instructions.

Isolated rat renal artery preparation

The renal arteries were isolated and cleaned of
connective tissue under a dissecting microscope.
Segments (4 mm in length) of renal artery were cut
for isometric recording of tension. Outside diameter of
the rings was measured using an ocular micrometer
within a Wild M8 zoom microscope (Heerbrugg,
Switzerland) and ranged from 0.8 to 1.4 mm. In
some experiments the endothelium was removed
mechanically by inserting a roughened stainless-steel
wire into the lumen and gently rolling the vessel ring
on wet filter paper.
Two stainless-steel holders (100 µm in diameter)
were introduced through the arterial lumen and
placed in a 5 mL tissue bath containing modified
Krebs-Henseleit solution of the following mmol/L
composition: NaCl 115; KCl 4.6; KH2PO4 1.2; MgCl2
1.2; CaCl2 2.5; NaHCO3 25; glucose 11.1; EDTA 0.01,
-5
pH 7.3-7.4. Indomethacin (10 mol/L) was added
to the Krebs-Henseleit solution in order to block
the cyclooxygenase-derived substances that could
interfere with the effects of the NOS inhibitors. The
solution was continuously gassed with 95% O2-5%
CO2 while the temperature was maintained at 37 ℃
with a circulating water jacket and a heat pump.
One holder was fixed to the organ bath wall and the
other was connected to a strain gauge (model FT03;
Grass Instruments Division of Astro-Med Inc, United
States). Changes in isometric force were recorded by
use of Chart v. 4.2.3 software and a MacLab/8e data
acquisition system (ADInstruments, Australia). Once
the optimal resting tension was reached (1 g), each
ring was allowed to attain this steady level of tension
during a 1-h accommodation period before testing.
Following this, smooth muscle function was assessed
by exposing the arterial rings to receptor-independent
depolarizing agent KCl (60 mmol/L) until the con
traction reached a stable plateau. After washout and
return to stable baseline, functional integrity of the
endothelium was confirmed routinely by the presence
-6
of relaxation induced by acetylcholine (10 mol/L)
during contraction obtained with norepinephrine (3 ×
-7
-6
10 to 1 × 10 mol/L). Arteries in which acetylcholine
reversed the norepinephrine-induced tone by more
than 70% were designated as endothelium intact and
arteries in which acetylcholine caused less than 15%
relaxation were designated as without endothelium.
To assess the effects of portal hypertension and
cirrhosis on renal artery contractility, we performed in
artery rings from each group cumulative concentrationresponse curves to KCl (10-120 mmol/L), an agent
2+
that induces contraction by facilitating Ca entry
2+
through voltage-dependent Ca channels.
The basal release of NO is revealed when endo
thelium-intact artery rings are precontracted and an
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additional contraction is induced by NOS inhibitor. This
additional contraction provides a functional indication
-6
-3
of NO release. Therefore, the ability of ADMA (10 -10
-6
-3
mol/L) or L-NAME (10 -10 mol/L) to inhibit basal
activity of NO was assessed from its enhancement of
low-levels of contraction (approximately 200-300 mg)
-7
-7
induced by norepinephrine (1 × 10 -3 × 10 mol/L) in
endothelium-containing renal artery rings. The ability
-3
of L-arginine (10 mol/L) to either protect against or
reverse the enhancement by ADMA or L-NAME was
also assessed. Additionally, the effects of both ADMA
and L-NAME were examined on norepinephrine-induced
tone in endothelium-denuded rings.
Concentration-response curves to acetylcholine (1
× 10-9-3 × 10-6 mol/L), an endothelium-dependent
vasorelaxant, were determined in precontracted
‑6
segments with norepinephrine (3 × 10 mol/L), in the
-4
absence and in the presence of ADMA (3 × 10 mol/L)
-4
or L-NAME (3 × 10 mol/L) that were added to the
organ bath 20 min before starting the concentrationresponse curve.
All substances and drugs were purchased from
Sigma-Aldrich Chemical Co. (United States). Drugs
were prepared and diluted in distilled water except for
indomethacin, which was dissolved in absolute ethanol.
Stock solutions of the drugs were freshly prepared
every day.

Real Time PCR analyses

Samples of cortical tissue from the kidney of each
rat were immediately collected into RNAlater RNA
stabilization reagent (Thermo Fisher Scientific, United
States) following the manufacturer's instructions. Total
RNA was isolated and reverse transcribed as previously
[21]
described . Ready-to-use primers and probes from the
Assay-on-demand service of Applied Biosystems were
used for the quantification of DDAH-1 and DDAH-2
(Rn00574200_m1 and Rn01525775_g1, respectively)
and endogenous reference gene glyceraldehyde-3phosphate dehydrogenase (GAPDH, 4352338E). The
qRT-PCR was carried out using the ABI Prism 7900HT
Sequence Detection System (Applied Biosystems,
United States). Samples were run in triplicate and fold
changes were generated for each sample by calculating
-ΔΔCt[22]
2
.

Western blotting

Equal amounts of protein from renal cortical homo
genates (100 µg total protein) were resolved in
SDS-PAGE on 12% gels and electroblotted onto poly
vinylidene difluoride membranes. After 1 h blocking
with 5% milk in phosphate-buffered saline with 0.1%
(v/v) Tween 20 (PBST), membranes were incubated
in PBST containing 0.1% milk with a specific primary
antibody: monoclonal goat anti-rat DDAH1 antibody
(Santa Cruz Biotechnology, United States; 1:500
dilution, overnight incubation at 4 ℃) or goat anti-rat
DDAH2 antibody (Santa Cruz Biotechnology, United
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States, 1:200 dilution, overnight incubation at 4 ℃).
After 4 washes with PBST, membranes were incubated
for 1 h with a horseradish peroxidase-labeled antibody
at a 1:2000 dilution in PBST containing 1% milk. After
4 additional washes, the membranes were incubated
with chemiluminescent reagent according to the
TM
manufacturer’s protocols (Inmuno-Star HRP Substrate
Kit, Bio-Rad, United States), and the chemiluminescent
signal was visualized by the LAS-1000 imaging system
(Fujifilm, Japan). Densitometric analyses of Western
blots were performed using Image Reader LAS-1000
Pro v2.3 software. All membranes were reblogged
using a monoclonal antibody anti β-actin (1:2500,
Sigma-Aldrich, United States) as a loading control. Data
were normalized to corresponding values of β-actin
densitometry.

DDAH activity

DDAH activity was measured as described previ
[23]
ously by a colorimetric assay . Kidney cortex was
homogenized in 5 volumes of 0.1 mol/L sodium
phosphate buffer (pH 6.5). Protein concentration
of the homogenate was determined using the BCA
protein assay (Thermo Fisher, United States) according
to the manufacturer’s instructions. The final protein
concentration of the homogenate was adjusted to
20 mg/mL with sodium phosphate buffer. Then, 100
µL of homogenate were preincubated with urease
(100 U/mL) for 15 min at 37 ℃, and then incubated
with 1 mmol/L ADMA for 60 min at 37 ℃. After de
proteinization with 0.5 mL of 4% sulfosalicylic acid,
100 µL of supernatant was incubated with 100 µL of a
mixture composed by one part of diacetyl monoxime
(0.8% wt/v in 5% acetic acid) and two parts of
antipyrine (0.5% wt/v in 50% sulfuric acid) at 90 ℃
for 1 h. Each sample was analyzed with a paired blank,
in which ADMA was omitted. The amounts of L-citrulline
formed were determined by spectrophotometry at
466 nm. The DDAH activity was represented as µmol
L-citrulline formatted/g protein/min at 37 ℃.

Statistical analysis

All values are expressed as mean ± SEM. The con
tractile effects were expressed as absolute tension
(milligrams-force). Relaxation was expressed as
a percentage of the norepinephrine-induced con
traction. The pD2 (negative logarithm of the molar
concentration at which half-maximum response
occurs) was determined from individual concentrationresponse curves by non-linear regression analysis.
Area under the concentration-response curve (AUC)
was calculated from each individual concentrationresponse curve to acetylcholine and was expressed as
arbitrary units. The contribution of NO to the vascular
relaxation induced by acetylcholine was calculated by
subtracting from the AUC for acetylcholine the AUC
for acetylcholine in the presence of L-NAME or ADMA.
All n values are presented as the number of rats.
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Table 1 Morphological characteristics, hemodynamic and
biochemical parameters of the Sham, partial portal vein
ligation, and bile duct ligation groups
Sham
Body weight gain (g)
Spleen weight (g)
Liver weight (g)
Mean arterial pressure (mmHg)
Portal pressure (mmHg)
Bilirubin (mg/dL)
Creatinine (mg/dL)

39 ± 6
0.7± 0.1
11.6 ± 0.6
116 ± 9
7±1
0.12 ± 0.03
0.75 ± 0.07

PPVL

Table 3 pD 2 values and maximal responses of the con
G
centration-response curves to N -nitro-L-arginine methyl ester
and asymmetric dimethylarginine in renal arteries from Sham,
partial portal vein ligation, and bile duct ligation groups, after
precontraction with norepinephrine

BDL

35 ± 6
1.3 ± 0.1a
10.9 ± 0.7
95 ± 5a
17 ± 2a
0.15 ± 0.03
0.73 ± 0.06

10 ± 8a,c
1.4 ± 0.2a
16.9 ± 0.7a,c
92 ± 6a
19 ± 3a
9.91 ± 0.07a,c
0.78 ± 0.06

Sham
L-NAME
ADMA
PPVL
L-NAME
ADMA
BDL
L-NAME
ADMA

a

P < 0.05 vs Sham group and cP < 0.05 vs PPVL group. PPVL: Partial portal
vein ligation; BDL: Bile duct ligation.

Sham
PPVL
BDL

pD2

8
8
8

1.49 ± 0.01
1.46 ± 0.01
1.46 ± 0.01

Emax (mg)
1018 ± 83
1050 ± 131
762 ± 59a,c

pD 2, - log M of KCl causing 50% of the maximal contraction; Emax,
maximal contraction; n = number of rats; aP < 0.05 vs Sham group and cP <
0.05 vs PPVL group.

One- or two-way analyses of variance (ANOVA) were
performed followed by Bonferroni’s post-test. The level
of statistical significance was P < 0.05. The statistical
analysis was carried out using Prism 4 software
(GraphPad Software Inc., United States).

RESULTS
Morphological features, hemodynamic and biochemical
parameters

Morphological characteristics, hemodynamic, and
biochemical parameters of the Sham, PPVL, and BDL
groups are summarized in Table 1. Both the PPVL and
BDL groups led to the characteristic hemodynamic
changes found in portal hypertension, with higher
values in PP and lower MAP compared to the Sham
rats, suggesting the presence of a hyperdynamic
state. As expected, the PPVL and BDL groups exhibited
higher spleen weights than did Sham rats. In the BDL
rd
group, the rats became visibly icteric by the 3 wk
following surgery, weight gain was decreased, and
they had higher total bilirubin values than the Sham
or PPVL rats. Creatinine concentrations were within
the normal range in the three groups. The Sham rats
displayed normal post-operative recovery.

Effects of KCl

In the Sham group, KCl caused concentrationdependent contractions with a pD2 of 1.49 ± 0.01
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pD2

Emax (mg)

8
8

5.35 ± 0.17
4.20 ± 0.08e

370 ± 36
400 ± 26

8
8

5.30 ± 0.16
4.11 ± 0.09e

365 ± 30
388 ± 25

8
8

5.24 ± 0.16
4.79 ± 0.16a,c,e

285 ± 29a,c
310 ± 27a,c

pD2, - log M of substance causing 50% of the maximal contraction; Emax,
maximal contraction; n = number of rats; aP < 0.05 vs Sham group with
the same treatment, cP < 0.05 vs PPVL group with the same treatment and
e
P < 0.05 vs L-NAME treatment in the same group. ADMA: Asymmetric
dimethylarginine; L-NAME: NG-nitro-L-arginine methyl ester.

Table 2 pD 2 values and maximal responses of the con
centration-response curves to KCl (10-120 mmol/L) in renal
arteries from Sham, partial portal vein ligation and bile duct
ligation groups
n

n

and a maximal contraction of 1018 ± 83 mg (Figure
1 and Table 2). In the PPVL group, neither maximal
contraction nor pD2 values to KCl were affected (Figure
1 and Table 2). In the renal artery rings of the BDL
group, maximal contraction to KCl was decreased (P <
0.05) compared to the Sham and PPVL groups (Figure
1 and Table 2). There were no differences among
groups in the sensitivity to KCl as demonstrated by
similar pD2 values (Table 2).

Effects of NOS inhibitors on basal NO

-6

-3

At resting tension, the addition of L-NAME (10 -10
-6
-3
mol/L) or ADMA (10 -10 mol/L) did not show
significant changes in tension (results not shown).
Following the induction of a low level of contraction
-7
-7
(210 ± 50 mg) with norepinephrine (1 × 10 -3 × 10
-6
-3
mol/L), the addition of L-NAME (10 -10 mol/L) or
-6
-3
ADMA (10 -10 mol/L) led to concentration-dependent
increases in tension (Figure 2). The pD2 values for the
concentration-response curves to L-NAME were similar
in the Sham, PPVL and BDL groups (Table 3). The
pD2 values for the ADMA curves were similar in Sham
and PPVL, but were lower (P < 0.05) than those for
the BDL group, suggesting an increased sensitivity
to ADMA in renal arteries from cirrhotic rats. In the
Sham, PPVL and BDL groups, pD2 values of the ADMA
curves were lower (P < 0.05) than those for L-NAME,
suggesting a decreased sensitivity to ADMA in all
groups. The maximal responses to ADMA and L-NAME
were similar in the Sham and PPVL groups (Figure
2 and Table 3). Conversely, in the BDL group the
maximal responses to both ADMA and L-NAME were
reduced (P < 0.05) compared with those for Sham and
PPVL rats. The contractile effect induced by ADMA and
-3
L-NAME was prevented or reverted by L-arginine 10
mol/L, a precursor of NO synthesis, in all the groups
studied (Figure 2).
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A

Table 4 pD 2 and maximal response values for the
concentration-response curves to acetylcholine in renal
arteries from Sham, partial portal vein ligation, and bile
duct ligation groups in the absence (Control) and in the
G
presence of N -nitro-L-arginine methyl ester or asymmetric
dimethylarginine
Emax (%)

8
8
8

7.95 ± 0.08
7.13 ± 0.28a
7.27 ± 0.13a,c

93 ± 3
24 ± 7a
60 ± 3a,c

8
8
8

7.92 ± 0.08
7.24 ± 0.11a
7.18 ± 0.15a

94 ± 2
21 ± 3a
65 ± 6a,c

8
8
8

7.91 ± 0.10
7.13 ± 0.35a
7.17 ± 0.22a

95 ± 3
24 ± 8a
32 ± 6a,c,e

L-NAME
L-arg + L-NAME

400
Tension (mg)

Sham
Control
L-NAME (3 × 10-4 mol/L)
ADMA (3 × 10-4 mol/L)
PPVL
Control
L-NAME (3 × 10-4 mol/L)
ADMA (3 × 10-4 mol/L)
BDL
Control
L-NAME (3 × 10-4 mol/L)
ADMA (3 × 10-4 mol/L)

pD2

Sham

ADMA
L-arg + L-ADMA

300

200

100

0

6

5

4

3

-logM

B

500

PPVL

L-NAME
ADMA
L-arg + L-NAME

400

pD 2, - log M of acetylcholine causing 50% of the maximal relaxation;
Emax, maximal relaxation expressed as a percentage of the contraction
in response to 3 × 10-6 mol/L norepinephrine; n = number of rats. aP <
0.05 vs control group, cP < 0.05 vs L-NAME treated group and eP < 0.05 vs
Sham and PPVL groups with the same treatment. ADMA: Asymmetric
dimethylarginine; L-NAME: NG-nitro-L-arginine methyl ester.

Tension (mg)

n

Acetylcholine

500

L-arg + L-ADMA

300

200

100
1250

Sham
PPVL

6

5

4

3

-logM

C

75

500

BDL

L-NAME
ADMA

25

0

L-arg + L-NAME

400

50
Tension (mg)

Tension (mg)

0

BDL

1000

0

20

40
60
80
KCl (mmol/L)

100

120

L-arg + L-ADMA

300

200

100

Figure 1 Effects of portal hypertension and cirrhosis on contractile effects
induced by high extracellular concentrations of KCl in rat renal arteries.
PPVL: Pre-hepatic portal hypertension; BDL: Bile duct ligation.

0

6

5

4

3

-logM

Effects of NOS inhibitors on acetylcholine-induced
relaxation

In renal arteries from the Sham group, acetylcholine (1
-9
-6
× 10 -3 × 10 mol/L) caused endothelium-dependent
relaxation (pD2 = 7.95 ± 0.08 and Emax = 93% ± 3%)
in rings precontracted with norepinephrine (Figure 3A).
The relaxation induced by acetylcholine did not differ,
in terms of pD2 and maximal relaxation, among the 3
groups studied (Figure 3A and Table 4). No relaxation
was observed in response to acetylcholine in renal
arteries without endothelium (Figure 3A).
The relaxation induced by acetylcholine was
-4
inhibited by the treatment with L-NAME (3 × 10
mol/L) in renal arteries from the three groups. In
the Sham, PPVL and BDL groups, the inhibitions of
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Figure 2 Effects of nitric oxide synthase inhibitors on basal nitric oxide
release in renal artery. Contractions induced by L-NAME (n = 8) and ADMA (n
= 8) on rings of rat renal artery with endothelium from Sham, PPVL, and BDL
groups in the absence and in the presence of L-arginine (L-arg, 10-3 mol/L, n
= 6). Contractions were determined after evoking submaximal tone with 10-7-3
× 10-7 mol/L norepinephrine. PPVL: Pre-hepatic portal hypertension; BDL: Bile
duct ligation; ADMA: Asymmetric dimethylarginine; L-NAME: NG-nitro-L-arginine
methyl ester.

maximal relaxations induced by acetylcholine in the
presence of L-NAME were similar (P > 0.05) 69% ±
4%, 73% ± 3%, and 71% ± 5%, respectively (Figure
3A and Table 4). The pD2 values decreased (P < 0.05)
likewise in the presence of L-NAME compared to those
for the untreated segments, providing evidence that
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A

With endothelium

-4

Without endothelium

BDL

0

0

25

25

25

50

Relaxation (%)

0

75

50

75

100

9

8
7
Acetylcholine (-logM)

100

6

50

75

9

8
7
Acetylcholine (-logM)

6

100

9

8
7
Acetylcholine (-logM)

6

Control-L-NAME
Control-ADMA

250

200
ΔAUC (arbitrary units)

ADMA 3 × 10 mol/L

PPVL

Relaxation (%)

Relaxation (%)

Sham

B

-4

L-NAME 3 × 10 mol/L

c

150

a

a

100

50

0
Sham

PPVL

BDL

Figure 3 Effects of nitric oxide synthase inhibitors on acetylcholine-induced relaxation in renal artery. A: Concentration-response curves to acetylcholine
on rings of rat renal artery from Sham, PPVL, and BDL groups in artery rings with endothelium (n = 8) and without endothelium (n = 6) and in artery rings with
endothelium in the presence of L-NAME (3 × 10-4 mol/L; n = 8) or ADMA (3 × 10-4 mol/L; n = 8). Relaxation is expressed as a percentage of the contraction in response
to norepinephrine; B: Difference between the areas under curves (AUCs) from artery rings with endothelium (Control) and treated with L-NAME or ADMA. aP < 0.05 vs
L-NAME treated group and cP < 0.05 vs Sham and PPVL groups treated with ADMA. PPVL: Pre-hepatic portal hypertension; BDL: Bile duct ligation.

NO induced by acetylcholine is similar in the three
-4
groups. Treatment with ADMA (3 ×10 mol/L) inhibited
acetylcholine-induced relaxation in the 3 groups, but
the inhibition was higher (P < 0.05) in the BDL group
compared with the Sham and PPVL groups (Figure 3A
and Table 4). In renal arteries from the BDL group,
ADMA induced a greater (P < 0.05) inhibition of
maximal relaxation than it did in the Sham and PPVL
groups, but sensitivity (evidenced by pD2 values) was
unchanged (Figure 3A and Table 4). When areas under
the curve (AUC) were analyzed, L-NAME inhibited the
NO-mediated relaxation similarly in the 3 groups (Figure
3B). Likewise, ADMA inhibited NO release in the Sham
and PPVL groups; in BDL group the inhibitory effects of
ADMA were increased (Figure 3B).

Expression of DDAHs

We performed real-time RT-PCR on kidneys from the
Sham, PPVL, and BDL groups (n = 6 per group). The
DDAH-1 mRNA expression was similar in kidneys from
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the three groups (Figure 4A). In contrast, the DDAH-2
mRNA expression was increased (P < 0.05) in the
PPVL compared to that for the Sham group, and in
the BDL group, it was further enhanced (Figure 4B).
The level of DDAH-2 mRNA expression in PPVL and
BDL rats increased 1.33- and 1.64-fold, respectively.
Densitometry analysis of Western blot confirmed that
DDAH 1 was equally expressed in the kidney of the
three groups (Figure 4C and E). Conversely, DDAH-2
expression in kidney was increased in the PPVL group
and further increased in the BDL group (Figure 4D and F).

DDAH activity

We determined the effects of portal hypertension and
cirrhosis on renal DDAH activity in crude tissue lysates.
Renal DDAH activity was increased, but not significantly
(P > 0.05), in kidneys from the PPVL group. The DDAH
activity in the BDL group, however, was significantly
reduced (61% ± 7%, P < 0.05) compared to that for
the Sham and PPVL groups (Figure 5).
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A

2.0

B

Sham
PPVL
BDL

a

)
0.5

C

1.0

0.5

0.0

Sham

PPVL

BDL

D

Sham

DDAH-1

DDAH-2

b-actin

b-actin

1.6

Sham
PPVL
BDL

1.2

0.8

0.4

0.0

F
DDAH-2/b-actin (relative optical density)

DDAH-1/b-actin (relative optical density)

a, c

-ΔΔCT

DDAH-2 mRNA (2

-ΔΔCT

DDAH-1 mRNA (2

1.0

0.0

E

Sham
PPVL
BDL

1.5

)

1.5

2.0

2.0

PPVL

Sham
PPVL
BDL

1.5

BDL

a, c

a

1.0

0.5

0.0

Figure 4 DDAH1 and DDAH2 expression in kidneys from portal hypertensive and cirrhotic rats. A and B: DDAH1 and DDAH2 mRNA expression in kidney from
Sham, PPVL, and BDL groups normalized to the expression of GAPDH, which was used as an endogenous reference gene; C and D: Immunoblot analysis in single
kidney probed with antibodies against DDAH1, DDAH2 or b-actin, as indicated; E and F: Graphs show the results of densitometric analyses from pooled data, plotted
as optical densitometry relative to the signal obtained by b-actin. Each data set represents the mean ± SEM derived from 6 independent experiments. aP < 0.05 vs
Sham group and cP < 0.05 vs PPVL group. DDAH: Dimethylarginine dimethylaminohydrolase.

DISCUSSION
The results of the present study demonstrate that both
the basal- and induced-release of NO are inhibited by
ADMA, with a higher effect in renal arteries from rats
with secondary biliary cirrhosis. The increased effect of
ADMA inhibiting NO synthesis together with decreased
renal DDAH activity indicates that the accumulation
of ADMA during cirrhosis could make the renal artery
prone to vasoconstriction.
One finding of the present report demonstrates a
decreased contraction in renal arteries from cirrhotic
+
rats in response to a high extracellular K concentration,
which causes the depolarization and subsequent
2+
opening of voltage-dependent Ca channels. Vascular
hypocontractility in cirrhosis is a multifactorial pheno
menon where several mechanisms have been iden
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tified and contribute to impaired vasoconstriction.
These include the overproduction of vasodilators and
decreased responsiveness to vasoconstrictors. Although
NO overproduction is widely accepted as main culprit
[24-26]
of vasodilation in cirrhosis
, several studies have
shown that other factors besides NO are involved in the
pathogenesis of vascular hypocontractility. It is known
that in cirrhosis, a component of hypocontractility is
found in isolated vessels, even though the endothelium
[27-29]
is removed and NOS is pharmacologically inhibited
.
It is noteworthy that the cirrhosis-impaired Rho kinase
2+
pathway results in decreased phosphorylation of Ca
sensitizing proteins, increased myosin light chain
2+
[30]
phosphatase activity and decreased Ca sensitivity .
Although our results in vitro show a reduced con
traction of renal arteries during cirrhosis, the in vivo
activation of vasoactive systems on renal circulation
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[16]

0.35

Sham
PPVL
BDL

0.28

0.21

0.14

a, c

0.07

0.00

Figure 5 Effects of portal hypertension and cirrhosis on renal dimethylar
ginine dimethylaminohydrolase activity. Bar graphs represent DDAH activity in
kidney from Sham, PPVL, and BDL groups. Each data set represents the mean ±
SEM derived from 6 independent experiments. aP < 0.05 vs Sham group and cP <
0.05 vs PPVL group. DDAH: Dimethylarginine dimethylaminohydrolase.

during hyperdynamic circulation associated to portal
[1]
hypertension and cirrhosis could develop into an
excessive contraction of renal artery.
The basal release of NO was determined indirectly
by measuring the effects of ADMA and L-NAME in
precontracted artery rings. We found that in renal
arteries both NOS inhibitors markedly increased the
vascular tone, suggesting an important basal NO
synthesis. The contractile effects induced by NOS
inhibitors were endothelium-dependent and reversed
by L-arginine, the substrate for NO synthesis, thus
demonstrating that ADMA and L-NAME increase arterial
tone by inhibiting the basal release of endothelial NO.
The maximal contraction induced by NOS inhibitors
in renal arteries from cirrhotic rats was lower than
those in control or portal hypertensive rats. The hypo
contractility cannot be attributed to a lower basal
release of NO, since the smooth muscle of renal arteries
from cirrhotic rats showed hypocontractility in response
to KCl. Therefore, differences in the level of contraction
in response to NOS inhibitors would not reflect changes
in basal NO generation.
That notwithstanding, we found a similar sensitivity
to L-NAME in the three groups studied. Furthermore,
when comparing the sensitivity of the two inhibitors, a
decreased sensitivity to ADMA as compared with that
for L-NAME was observed in the three groups. The
concentration-response curve to ADMA was significantly
displaced to the left for BDL, as compared to those for
Sham and PPVL rats; this represents indirect evidence
of a decreased ability of DDAH to catabolize ADMA.
Interestingly, no significant differences in the contractile
response to ADMA were observed between Sham
and PPVL rats. Since BDL and PPVL rats had similar
increases in portal pressure, and liver damage was only
present in the BDL group, it is conceivable that in renal
arteries the liver dysfunction is the main factor causing
the altered responses to the ADMA.
Since DDAH is highly specific for the degradation
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of ADMA, but not L-NAME , these changes in ADMA
sensitivity could be related to changes in DDAH activity.
Another study addressing the localization of DDAH
and NOS in the rat kidney has shown co-localization of
[20]
the two enzymes . Therefore, the close relationship
between DDAH and NOS in the kidney supports the idea
[19,31]
that DDAH regulates ADMA levels and NOS activity
.
The increased sensitivity to ADMA in renal arteries
from the BDL group offers a reasonable indication that
decreased DDAH activity and the accumulation of ADMA
occur in the vessel wall, enhancing the inhibitory effect
on NO biosynthesis.
Both ADMA and L-NAME inhibited acetylcholineinduced relaxation in renal arteries indicating that
NO pathways contribute to this effect. As expected,
L-NAME markedly inhibited the relaxation induced by
acetylcholine. Although it has been demonstrated that
ADMA preferentially blocks basal NO release, but it has
[7,21,32]
little effect on acetylcholine-induced relaxation
,
ADMA markedly inhibited the acetylcholine-induced
relaxation in renal arteries from cirrhotic rats. It has
been demonstrated that ADMA inhibits basal- and
[8]
stimulated-release of NO in human renal arteries
and other arterial beds where acetylcholine-induced
relaxation is mainly dependent on endothelial NO, such
[33]
as the human middle cerebral artery
and internal
[34]
mammary artery .
The present functional analyses in renal arteries
from cirrhotic rats demonstrates for the first time that
the increased ability of ADMA to inhibit NOS could be
related, at least in part, to a lower activity of DDAH
and a lesser degradation of ADMA. This reinforces the
role of DDAH in controlling the NO bioavailability, and
its impairment during cirrhosis might be a mechanism
involved in the increased renal artery contraction
during cirrhosis.
The study shows that the mRNA and protein ex
pressions of DDAH-1 were unchanged in kidneys from
the PPVL and BDL groups, thus suggesting that portal
hypertension and cirrhosis do not control renal DDAH-1
expression. The present results confirm previous
studies demonstrating unchanged levels of DDAH-1
[35]
expression in kidneys from young cirrhotic rats .
In contrast, it has been demonstrated that there is a
[36]
decreased hepatic DDAH-1 expression and increased
[21]
DDAH-1 expression in mesenteric arteries
from BDL
rats. Although the mechanisms involved in this different
regulation of DDAH-1 expression are not apparent, they
could be related to the organ involved.
The results of the present work suggest an asso
ciation between portal hypertension, cirrhosis and
DDAH-2 expression. The kidneys of rats with portal
hypertension exhibited a higher expression of DDAH-2
than the kidneys of control rats, and those of the BDL
group exhibited a further increase of DDAH-2. In this
case, a similar pattern of expression has been shown
[21]
[36]
in mesenteric arteries
and liver
from BDL rats.
Surprisingly, DDAH-2 protein expression was unaltered
[35]
in kidneys from young BDL rats , suggesting an age-
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dependent regulation of the expression of DDAH-2
induced by cirrhosis.
To determine whether the different patterns in
DDAH protein expression were correlated with enzy
matic activity, in vitro ADMA degradation by DDAH was
measured. Renal DDAH activity was unchanged in the
PPVL group, but was significantly reduced in the BDL
group, pointing out the liver dysfunction as a main
factor responsible for the decreased DDAH activity as
opposed to the portal hypertension and hyperdynamic
circulation. These data confirm previous findings that
demonstrate the inhibitory effect of cirrhosis in the
[35]
renal DDAH activity in young rats .
There is a growing body of evidence that DDAH
[37,38]
activity is inhibited by superoxide
. It has been
demonstrated that ADMA can uncouple endothelial
[39]
NOS and initiate superoxide generation by NOS .
This finding suggests that an increased concentration
[12,13,15]
of ADMA during liver dysfunction
could be an
initial point for further NOS uncoupling, increased
superoxide and DDAH inhibition, therefore a further
increase of ADMA, thereby initiating a feed-forward
reaction. Accordingly, it has been hypothesized that
there is a possible role for ADMA in the development
[40]
of hepatorenal syndrome , a pathology characterized
[1]
by an excessive vasoconstriction of renal circulation .
In cholestatic patients, a correlation between oxi
dative stress during obstructive jaundice and renal
[41]
dysfunction has recently been established . The levels
of bilirubin were progressively increased from benign
[41]
to malignant evolution
which is in concordance with
[42]
pro-oxidant capacity of toxic bile acids . Therefore, it
is possible that the hyperbilirubinemia associated with
the BDL model of cirrhosis could increase the oxidative
stress in the kidney and inhibit renal DDAH. Renal
dysfunction in cirrhosis is a common complication,
characterized by marked renal artery contraction as
a consequence of the activation of several vasoac
[1]
tive pathways . Therefore, the increased inhibitory
effects of ADMA on NO synthesis in renal arteries
from BDL rats could be another factor contributing to
the vasoconstriction associated with cirrhosis. DDAH
activators or ADMA-reducing agents may be a potential
therapeutic approach to managing the vascular renal
dysfunction associated with cirrhosis.
In conclusion, both basal- and induced-NO release
are inhibited in renal arteries by ADMA, an effect that
is increased in cirrhotic rats. The results of the present
study confirm that liver dysfunction is the main factor
in the decreased renal DDAH activity and supports the
notion that the vascular renal system is highly exposed
to ADMA during cirrhosis. Furthermore, our data show
an increased DDAH-2 expression, but a reduced DDAH
activity in the kidney, associated with cirrhosis.
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Abstract
AIM
To assess the burden of norovirus (NoV) and to
determine the diversity of circulating strains among
hospitalized children in Lebanon.
METHODS
Stool samples were collected from children presenting
with acute gastroenteritis to six major hospitals in
Lebanon. A total of 739 eligible stool samples, testing
negative for diarrhea caused by rotavirus as a possible
viral pathogen, were collected between January 2011
and June 2013. A standardized questionnaire including
demographic, epidemiological and clinical observations
was used at the time of hospitalization of children
presenting with diarrhea. Viral RNA was extracted
from stool samples followed by reverse transcription
polymerase chain reaction and nucleotide sequencing
of a fragment of the viral protein 1 capsid gene. Multiple
sequence alignments were carried out and phylogenetic
trees were constructed using the MEGA 6 software.
RESULTS
Overall, 11.2% of stool samples collected from children
aged < 5 years tested positive for NoV genogroups Ⅰ
(GⅠ) and Ⅱ (GⅡ). GⅡ accounted for 10.6% of the
gastroenteritis cases with only five samples being positive
for GⅠ (0.7%). The majority of hospitalized children
showed symptoms of diarrhea, dehydration, vomiting
and fever. Upon sequencing of positive samples and
based on their clustering in the phylogenetic tree,
4/5 of GⅠ gastroenteritis cases were designated G
Ⅰ.3 and one case as GⅠ.4. GⅡ.4 was predominantly
detected in stool of our study participants (68%). We
report a JB-15/KOR/2008 GⅡ.4 Apeldoorn 2008-like
variant strain circulating in 2011; this strain was re
placed between 2012 and 2013 by a variant sharing
homology with the Sydney/NSW0514/2012/AUS GⅡ.4
Sydney 2012 and Sydney 2012/FRA GⅡ.4 strains. We
also report the co-circulation of non-GⅡ.4 genotypes
among hospitalized children. Our data show that NoV
gastroenteritis can occur throughout the year with
the highest number of cases detected during the hot
months.
CONCLUSION
The majority of NoV-associated viral gastroenteritis
cases among our participants are attributable to GⅡ.4,
which is compatible with results reported worldwide.
Key words: Norovirus; Reverse transcription polymerase
chain reaction; Sequencing; Norovirus genogroup Ⅰ;
Norovirus genogroup Ⅱ; Lebanon
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: We report the results of a large study of
norovirus (NoV)-associated gastroenteritis among
children aged < 5 years in Lebanon. The majority of
viral gastroenteritis cases were attributable to NoV
GⅡ.4, which is compatible with results reported
worldwide. Our data support a peak incidence in July,
while reports from other countries show peaks during
the cold months. We report NoV A JB-15/KOR/2008
GⅡ.4 Apeldoorn 2008-like variant strain circulating
in 2011. This strain was replaced between 2012 and
2013 by a variant sharing homology with the Sydney/
NSW0514/2012/AUS GⅡ.4 Sydney 2012 and Sydney
2012/FRA GⅡ.4 strains.
Melhem NM, Zaraket H, Kreidieh K, Ali Z, Hammadi M,
Ghanem S, Hajar F, Haidar A, Inati A, Rajab M, Fakhouri H,
Ghanem B, Baasiri G, Dbaibo G. Clinical and epidemiological
characteristics of norovirus gastroenteritis among hospitalized
children in Lebanon. World J Gastroenterol 2016; 22(48):
10557-10565 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10557.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10557

INTRODUCTION
Gastroenteritis caused by norovirus (NoVs) has been
recently reported to be the second most common
cause of acute viral gastroenteritis worldwide following
[1,2]
rotavirus and a major cause of foodborne illness .
NoV is the leading cause of acute gastroenteri
tis across all age groups seeking medical care in
emergency departments, outpatient clinics, and the
[1]
community . Recent reviews of the literature on
community, outpatient and hospital-based studies in
developing and developed countries report that NoV
gastroenteritis accounted for 10%-15% of severe
cases in children aged < 5 years and 9%-15% of
cases of mild to moderate diarrhea among individuals
[3,4]
of all ages . Fecal-oral spread is the primary mode
of NoV transmission. The average incubation period is
24-48 h. The symptoms include vomiting (≥ 50% of
cases), diarrhea, nausea, abdominal cramps, malaise
and low-grade fever. Illness usually resolves in 12-72 h;
however, it may last longer in young children, elderly
people, and hospitalized and immunocompromised
individuals. Several factors contribute to the high
communicability of NoV, including, most importantly,
the low infectious dose of the virus (18-100 particles);
9
the high levels of virus shedding (> 10 particles/
mL of feces during the first days following infection)
known to precede illness and to be prolonged in
immunosuppressed persons; stability of the virus
at 0-60 ℃; and finally, the high rate of mutation
[5-7]
and recombination leading to antigenic diversity .
While 75% of NoV cases have been reported during
the cooler months, geographic variability and annual
[8]
fluctuations have also been described .
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NoVs are non-enveloped, polyadenylated, single
stranded, positive-sense RNA viruses of the family
Caliciviridae. The RNA genome of NoVs is composed of
three large open reading frames designated as ORF-1,
ORF-2 and ORF-3. ORF-1 encodes six non-structural
proteins including the protease and the RNA-dependent
RNA-polymerase (RdRp). ORF-2 and ORF-3 encode
the structural viral components viral protein 1 (VP1)
(major capsid protein) and VP2 (minor capsid protein),
respectively. Based on the amino-acid sequence of
VP1, NoVs are divided into six genogroups (GⅠ-GⅥ).
[9,10]
GⅠ, GⅡ and GⅣ are known to infect humans
.
Genogroups are further subdivided into genotypes
based on the RdRp sequence or capsid sequence. At
the genomic level, strains of the same genogroups are
51%-56% similar, whereas genotypes have 69%-87%
[11,12]
similarity
. At least eight and 21 genotypes belong
[1]
to GⅠ and GⅡ, respectively . The genogroup Ⅱ,
genotype 4 NoVs, designated GII.4, are responsible
for the majority of NoV outbreaks in the United States,
[13,14]
Australia and many European countries
. GⅡ.4
NoVs are continuously changing and viral variants
emerge every couple of years and every 2-7 years
as a result of genetic drift; an observation compatible
with the immune escape mechanism observed with
[15-19]
influenza A virus
. Globally and during the past
decade, GⅡ.3 and GⅡ.6 were reported as the second
and third most predominant genotypes after GⅡ.4,
[13]
respectively .
To the best of our knowledge, there have been
no large studies conducted in Lebanon on NoV and
its association with acute gastroenteritis. The aim of
this study was to determine the prevalence of NoV
gastroenteritis as well as the genotypic characterization
of the virus among hospitalized children aged < 5
years.

MATERIALS AND METHODS
Study population and specimen collection

The study was conducted in accordance with the
ethical guidelines of the Helsinki Declaration and
after approval of the Institution Review Board of
the American University of Beirut. Written informed
consent was obtained from the legal guardians of
hospitalized children, and consequently, stool samples
and medical data were collected. A standardized
questionnaire including demographic, epidemiological
and clinical observations was used at the time of
hospitalization of children presenting with diarrhea.
Stool samples were collected from children presenting
with acute gastroenteritis to six major hospitals in
Lebanon. A total of 739 eligible stool samples, testing
negative for diarrhea caused by rotavirus as a possible
viral pathogen, were collected over a 2-year period
(January 2011 to June 2013).

Viral RNA extraction and NoV detection

Stool specimens (0.5-1.0 mL) were suspended in 5
mL 0.89% NaCl. The fecal suspension was centrifuged
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at 4000 × g; following which, the supernatant was
filtered and 140 μL of the filtrate was used for viral
RNA extraction. QIAamp Viral RNA Mini Kit (Qiagen,
Hilden, Germany) was used for viral RNA extraction.
Viral RNA was stored at -20 ℃.

PCR and sequencing

Reverse transcription polymerase chain reaction
(RT-PCR) was performed using genogroup-specific
[20-22]
primers as previously described
. RT-PCR targeted
the 5’ end of the capsid region in ORF2 using: G1SKF (Forward CTG CCC GAA TTY GTA AATGA) and
G1-SKR (Reverse CCA ACC CAR CCA TTR TACA and
primers GoG2F (Forward CAR GAR BCN ATG TTY
AGR TGG ATGAG) and G2-SKR (Reverse CCR CCN
GCA TRH CCR TTR TACAT) for amplifying 330- and
387-bp PCR products of GⅠ and GⅡ genogroups,
respectively. Qiagen OneStep RT-PCR Kit was used
under the following conditions: 42 ℃ for 30 min; initial
PCR activation step at 95 ℃ for 15 min; denaturation
at 94 ℃ for 30 s, annealing at 52-54 ℃ for 30 s,
extension at 72 ℃ for 45 s (30 cycles); and final
extension at 72 ℃ for 7 min. Synthetic Norovirus G1 (I)
RNA (ATCC VR3199SD) and Synthetic Norovirus G2 (II)
RNA (ATCC VR3200SD) were used as positive controls.
The PCR products were analyzed by gel electropho
resis and stored at -20 ℃ until analysis. Nucleotide
sequencing of NoV-positive samples was performed
by Macrogen (Seoul, South Korea) using the PCR
primers. A total of 19 full-length human NoV capsid
protein sequences were downloaded from GenBank
and used as reference strains. These included six G
Ⅰ and 16 GII with the following accession numbers:
AAS86780.1 (GⅠ), ACN32270.1 (GⅠ.1), ACU56258.1
(GⅠ.2), ACX33982.1 (GⅠ.3), ACV41096.1 (GⅠ.4),
ADB54834.1(GⅠ.8), aAIO11150.1 (GⅡ), ABC96332.1
(GⅡ), AFA55174.1 (GⅡ.1), BAG68716.1 (GⅡ.2),
ADK23787.1 (GⅡ.3), AEG79292.1 (GⅡ.4), ABL74397.1
(GⅡ.4), ABL74391.1 (GⅡ.4), AGT95930.1 (GⅡ.4),
KM245069.1 (GⅡ.4 Yerseke/2006a), KF361437.1 (G
Ⅱ.4 Minerva/2006b), KP762437.1 (GⅡ.4 Den Haag
2006b), ADE28721.1 (GⅡ.6), ACX85810.1 (GⅡ.7),
ADZ24003.1 (GⅡ.12), and ACX81355.1 (GⅡ.14).
Multiple sequence alignments were carried out using
CLUSTALL or BioEdit out and phylogenetic trees were
constructed using the MEGA 6 software. The phylo
genetic tree was generated using the neighbor-joining
method validated by 1000 bootstrap replicates.

Nucleotide sequence accession numbers

The partial nucleotide sequences determined in this
study were deposited in GenBank with the following
accession numbers: GⅠ KU950315-KU950319 and GⅡ
KU963412-KU963487.

Statistical analysis

Data was analyzed using SPSS version 22. For
2
comparisons of demographic and clinical symptoms, χ
2
analysis and Pearson χ test were used.
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Table 1 Demographic characteristics of study participants n
(%)

Participants
Gender
Male
Female
Age group (mo)
0-11
12-23
24-35
36-47
48-59
Region
Beirut
North Lebanon
South Lebanon

n

NoV positive

NoV negative

739

83 (11.2)

656 (88.8)

413
326

47 (11.4)
36 (11.0)

366 (88.6)
290 (89.0)

376
226
79
30
27

34 (9.0)
35 (15.5)
10 (12.7)
3 (10.0)
1 (3.7)

342 (91.0)
191 (84.5)
69 (87.3)
27 (90.0)
26 (96.3)

217
315
207

20 (9.2)
35 (11.1)
28 (13.5)

197 (90.8)
280 (88.9)
179 (86.5)

Table 2 Clinical characteristics of NoV-positive cases n (%)

Fever
Yes
No
Vomiting
Yes
No
Diarrhea
Yes
No
Assessed dehydration
Severe
Mild to moderate
No dehydration
Vesikari score
Severe
Mild to moderate

RESULTS
Seven hundred and thirty-nine eligible rotavirusnegative stool samples were assayed for NoV by RTPCR during January 2011 to June 2013. Stool samples
were collected from children aged < 5 years presenting
to six hospitals in Lebanon due to acute gastroenteritis.
Tables 1 and 2 summarize the demographic and clinical
characteristics of our study participants. Overall,
11.26% (n = 83/739) of the samples tested positive
for NoV (Table 1). The majority of cases were NoV
genogroup GII (n = 78/83) (Table 2), with a total
incidence rate of 10.6%, while only five samples tested
positive for NoV genogroup GI, with a total incidence
rate of 0.7%. We did not have mixed infections with
NoV GⅠ and GⅡ among our study participants.
Males accounted for 55.9% (413/739) of hospitalized
children and females for 44% (326/739) while 11.4%
of the former and 11% of the latter were NoV positive
(Table 1). Gender was not significantly associated with
NoV infection (P = 0.887). The mean age of the study
participants testing positive for NoV and presenting
with gastroenteritis symptoms upon admission was
16.2 ± 9.5 mo. Fifteen point five percent of samples
testing positive for NoV and presenting to hospitals
with acute gastroenteritis symptoms were children
aged 12-23 mo (35/376), followed by children aged
24-35 mo (12.7%; 10/79) (Table 1). Our results showed,
however, that there was no association between age
and NoV infection among our study participants (P =
0.729).
As expected, the majority of our study participants
testing positive for NoV had symptoms of diarrhea
(95%), dehydration (90%), vomiting (76%) and
fever (67.5%). The Vesikari Clinical Severity Scoring
System was used to assess the severity of acute
gastroenteritis. Severe gastroenteritis (i.e., score > 11)
was reported in 92% of NoV-positive participants (Table
2). The average hospital stay of children admitted
ranged between 3 and 5 d. Ninety-five percent of
NoV-positive cases received intravenous rehydration,
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NoV positive

GⅠ

GⅡ

56 (67.5)
27 (32.5)

5 (100.0)
0 (0.0)

51 (65.4)
27 (34.6)

63 (75.9)
20 (24.1)

3 (60.0)
2 (40.0)

60 (76.9)
18 (23.1)

79 (95.2)
4 (4.8)

5 (100.0)
0 (0.0)

74 (94.9)
4 (5.1)

10 (12.0)
64 (77.1)
9 (10.8)

1 (20.0)
3 (60.0)
1 (20.0)

9 (11.5)
61 (78.2)
8 (10.3)

76 (91.6)
7 (8.4)

4 (80.0)
1 (20.0)

72 (92.3)
6 (7.7)

whereas only 18% received oral rehydration during
hospitalization.
NoV incidence was similar across different ge
ographic regions. Incidence in hospitalized children
was 9%, 13% and 11% in Beirut, and the Southern
and Northern parts of Lebanon, respectively (P =
0.371). Overall, 11.23% (83/739) of our study
participants tested positive for NoV, of whom, 45
(54%) were detected in 2011 and 36 (43%) in 2012,
and two samples tested positive during the first half
of 2013. The seasonal onset of NoV cases was similar
during 2011 and 2012 (Figure 1). While our data show
that NoV infection can occur throughout the year,
the highest percentage of NoV-positive samples was
detected in July 2011 (24%) and July 2012 (27%),
i.e., in the hot months. Fewer infections were observed
between October and February, which are the cooler
months in Lebanon.
In order to analyze the extent of the genetic
diversity and to designate the genotypes of NoVs
detected among our cohort of children aged < 5 years,
we inferred the phylogenetic relationship of the major
capsid protein gene (orf2) along with subgenotype
reference isolates. We sequenced 81 samples rather
than the total number of NoV-positive samples (n =
83) due to the lack of sufficient volume of purified
RNA for two samples. Among five GⅠ samples, four
were designated GⅠ.3 and one as GⅠ.4, based on
their clustering in the phylogenetic tree. Eight different
NoV GⅡ genotypes were detected among our study
participants, and 68% (52/76) of positive cases were
attributed to GⅡ.4. GⅡ.4 diversified into two distinct
subclusters distinguished by an A151T substitution.
These subclusters co-circulated between 2011 and
2013 (Figure 2). While GII.4 was predominantly asso
ciated with gastroenteritis among our study parti
cipants, circulation of more than one sub-genotype
during the same year was also recorded. The following
non-GⅡ.4 genotypes were also detected among
hospitalized children during the study period: GⅡ.6
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Figure 1 Seasonal distribution of NoV cases among children aged < 5 years in Lebanon. The absolute number (left Y axis) and the percentage (right Y axis) of
NoV-positive cases isolated from stool samples and collected from children presenting with acute gastroenteritis to six major hospitals in Lebanon are depicted against
month and year of circulation (X axis).

(7/76, 9.2%), GⅡ.21 (5/76, 6.6%), GⅡ.3 (5/76, 6.6%),
GⅡ.13 (3/76, 3.95), GⅡ.9 (1/76, 1.3%), GⅡ.1 (1/76,
1.3%), and GⅡ.2 (1/76, 1.3%) (Figure 2).

DISCUSSION
We report the results of a large study on NoVassociated gastroenteritis in Lebanon. Our study
reflects the predominance of GII strains among
children aged < 5 years who were hospitalized due
to acute gastroenteritis. We detected a broad genetic
diversity of NoVs causing acute gastroenteritis among
our study participants. Overall, GⅡ.4 (68%) was the
most prevalent genotype isolated from hospitalized
children in Lebanon during the study period. Our
results are compatible with global reports in which
most cases of NoV-associated gastroenteritis were
[23-25]
attributable to GⅡ.4
, and co-circulating with other
[13,26-28]
genotypes
. Locally, NoV GII has been previously
reported in five Lebanese children less than ten years
[29]
old . Regionally, in the Middle East and North Africa
(MENA), several studies have recently assessed
the prevalence of NoV among hospitalized children
aged < 5 years (hospitalized due to signs of acute
gastroenteritis). These studies were performed on a
[30]
[31,32]
[33]
variable sample size in Egypt , Israel
, Iran ,
[34]
[35]
[36,37]
[38]
[39,40]
Jordan , Kuwait , Libya
, Morocco , Tunisia
,
[41-45]
[46]
Turkey
and Yemen . NoV was detected in stool
samples of 6%-30% of hospitalized children aged < 5
years, with GⅡ.4 and GⅡ.3 predominantly reported in
these studies.
We reported A JB-15/KOR/2008 GⅡ.4 Apeldoorn
2008-like variant strain circulating in 2011 among
children aged < 5 years in Lebanon. This strain was
replaced between 2012 and 2013 by a variant sharing
homology with the Sydney/NSW0514/2012/AUS GⅡ.4
Sydney 2012 and Sydney 2012/FRA GⅡ.4 strains.
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The latter emerged in Australia in March 2012 and
was later isolated from the United States, Belgium,
[47]
Denmark, Scotland, and Japan . The co-circulation
[18,48]
of several GⅡ.4 lineages is well described
and
is suggested to be a mechanism of positive selection
[49]
of mutations to generate new NoV variants . The
variants of the NoV GⅡ.4 lineage have been associated
with 62%-80% of cases of NoV gastroenteritis
worldwide, as well as explosive outbreaks occurring
[11,50]
in community settings
. Global epidemics of NoV
gastroenteritis have been associated with the following
[51]
strains: US 1995/96 in 1996 , Farmington Hills in
[52,53]
[54]
2002
, Hunter in 2004 , 2006b virus in 2007 and
[55]
[56]
2008 , New Orleans virus during 2009-2012
and
[57]
Sydney 2012 . Other GⅡ.4 variants have also been
associated with localized types of epidemics such as
Henry 2001, Japan 2001, Asia 2003, and 2006a and
[18]
Apeldoorn 2008 .
While GⅡ.3 was reported to be the second most
predominant genotype in many countries, it ranked
third along with GⅡ.21 among our study participants
after GⅡ.4 and GⅡ.6. GⅡ.6 and GⅡ.2 are reported
to account for 5% of the globally reported strains. The
prevalence of GⅡ.6 ,the second most predominant
cause of gastroenteritis among our study participants
,was similar to reports in several countries including
[58]
[59]
[60]
[61]
Brazil , Japan , Africa
and Finland . GⅡ.21,
[62]
previously reported in Brazil , has been described
as a recombinant product between GⅡ.4/2006b and
[63]
GⅡ.18 strains . In our study, this genotype was
similar to the Salisbury150/2011/United States GⅡ.21.
GⅡ.13, previously described as an uncommon cause
of gastroenteritis, is increasingly being reported in
[13]
many Asian countries . Our results show that GⅡ.13
ranked fourth as a causative agent of gastroenteritis
among hospitalized children in Lebanon. Among G
Ⅰ, GⅠ.3 was predominantly detected, albeit less
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LBM073/2011 GⅡ
LBH065/2011 GⅡ
LBM123/2011 GⅡ
LBM122/2011 GⅡ
LBM104/2011 GⅡ
LBN159/2011 GⅡ
LBH048/2011 GⅡ
LBH075/2011 GⅡ
LBH062/2011 GⅡ
LBH077/2011 GⅡ
LBN120/2011 GⅡ
LBN111/2011 GⅡ
LBH009/2011 GⅡ
LBN047/2011 GⅡ
LBN086/2011 GⅡ
LBH089/2011 GⅡ
LBH049/2011 GⅡ
LBN131/2011 GⅡ
JB-15/KOR/2008 GⅡ.4 Apeldoorn 2008
LBR034/2011 GⅡ
LBN095/2011 GⅡ
LBN142/2011 GⅡ
LBN185/2011 GⅡ
LBM097/2011 GⅡ
LBH066/2011 GⅡ
LBN154/2011 GⅡ
LBM109/2011 GⅡ
Orange/NSW001P/2008/AUS GⅡ.4 New Orleans 2009
Farmington Hills/2002/USA GⅡ.4 2002
Guangzhou/NVgz01/CHN GⅡ.4 Asia 2003
Hunter504D/04O/AU GⅡ.4 Hunter 2004
Kenepuru/NZ327/2006/NZL GⅡ.4 2006a
Osaka1/2007/JP GⅡ.4 Osaka 2007
Yerseke38/2006/NL GⅡ.4
Shellharbour-NSW696T/2006/AUS GⅡ.4 2006b
LBA 147/2012 GⅡ
Sydney/NSW0514/2012/AUS GⅡ.4 Sydney 2012
LBA163/2013 GⅡ
LBN516/2013 GⅡ
LBNG112/2012 GⅡ
LBR040/2011 GⅡ
LBN365/2012 GⅡ
LBN330/2012 GⅡ
LBN323/2012 GⅡ
2012/FRA GⅡ.4 variant Sydney
LBA113/2012 GⅡ
LBN384/2012 GⅡ
LBN478/2012 GⅡ
LBN382/2012 GⅡ
LBN393/2012 GⅡ
97
LBN328/2012 GⅡ
LBH208/2012 GⅡ
LBNG175/2013 GⅡ
LBN458/2012 GⅡ
LBH054/2011 GⅡ
LBH068/2011 GⅡ
LBH185/2012 GⅡ
LBH203/2012 GⅡ
LBN259/2011 GⅡ
LBR081/2012 GⅡ
LBN339/2012 GⅡ
LBN374/2012 GⅡ
LBA126/2012 GⅡ
LBH186/2011 GⅡ
Sutherland/NSW505G/2007/AUS GⅡ.4 Cairo 2007
Maizuru8915/2008/JPN GⅡ.6
LBA057/2011 GⅡ
LBN360/2012 GⅡ
100
CBNU 1/2006/KOR GⅡ.3
98 LBNG107/2012 GⅡ
GⅡ.3
LBA125/2012 GⅡ
LBNG098/2012 GⅡ
NSW743L/2008/AUS GⅡ.7
HCMC-VNM30241/2009/VNM GⅡ.9
99 LBN480/2012 GⅡ
GⅡ.9
97 LBN052/2011 GⅡ
70 LBH046/2011 GⅡ
LBR082/2012 GⅡ
LBM093/2011 GⅡ
Maizuru8915/2008/JPN GⅡ.6
GⅡ.6
99 96 LBA038/2011 GⅡ
91 LBH028/2011 GⅡ
LBNG147/2012 GⅡ
Ascension208/2010/USA GⅡ.1
LBM101/2011 GⅡ
GⅡ.1
93 97
HS207/2010/USA GⅡ.12
Vaals87/2005/NL GⅡ.2
98 LBN329/2012 GⅡ
GⅡ.2
LBN358/2012 GⅡ
75
94 LBM102/2011 GⅡ
10N4555/2010/NP GⅡ.13 GⅡ.13
99 LBH091/2011 GⅡ
Salisbury150/2011/USA GⅡ.21
75LBH221/2012 GⅡ
99 LBNG129/2012 GⅡ
LBN387/2012 GⅡ
GⅡ.21
LBN373/2012 GⅡ
LBN366/2012 GⅡ
92 LBH098/ GⅠ
LBH112/2011 GⅠ
92 LBN187/2011 GⅠ
LBN040/2011 GⅠ
GⅠ.3
88 141/2009/BFA GⅠ.3
JKPG 881/SWE/2007 GⅠ.3
2008890321/2008/US GⅠ.8
88 1643/2008/US GⅠ.4
GⅠ.4
LBN343/2012 GⅠ
Leuven/2003/BEL GⅠ.2
CS-841/2001/USA GⅠ
70
StromstadP7-587/2007/Sweden GⅠ.1
74

GⅡ.4

Figure 2 Phylogenetic analysis of norovirus viral protein 1 major capsid
gene. Nucleotide sequences spanning nucleotides 5385–5657 (length = 273 nt)
of NoV isolated in Lebanon were aligned with reference strains obtained from
GenBank. The trees were then constructed based on the nucleotide sequences
using the neighbor-joining method with bootstrap analysis of 1000 replicates
using MEGA version 6.0. Bootstrap values > 70% are shown. Reference strains
are in bold. LBM: Lebanon Makassed Hospital; LBH: Lebanon, Hammoud
Hospital; LBN: Lebanon, Nini Hospital; LBR: Lebanon, Hariri Governmental
Hospital; LBA: Lebanon, American University of Beirut Medical Center; LBNG:
Lebanon, Nabatiyeh Hospital; NoV: Norovirus.

WJG|www.wjgnet.com

often compared to GⅡ. Our results are compatible
with global reports in which GⅡ is the most prevalent
genogroup causing approximately 96% of infections,
with GⅠ constituting the remaining genogroup and
[13]
causing on average 3.6% of NoV infections .
Reports show that NoV infection peaks during the
cold months in parts of Europe and North America,
with sporadic cases detected all year round, as well as
[59,64-66]
outbreaks during the summer months
. Similar
[33,42,43,67]
results are reported from a few other countries
.
New GII.4 variants have been reported to emerge
[52]
with unusual spring/summer seasonality , along with
a total increase in wintertime disease in Europe. The
former was suggested to be due to the lack of effective
immunity to the newly emergent GⅡ.4 variant.
Recently, a systematic review reported a variable
[8]
global seasonality of NoV . A peak in winter months
was reported in the Northern Hemisphere, while cases
peaks and outbreaks were reported in the hot months
in the Southern Hemisphere. Little or Limited data exist
from Africa, the tropical regions and the MENA region,
and when present, studies report on short duration NoV
infections detected in diverse settings. Consequently,
the ability to associate climate and demographic factors
with the seasonality of NoV in these areas is difficult.
Although our data support a peak incidence in July, the
seasonal pattern of NoV infection in Lebanon is to be
further investigated in comparison with existing reports.
In summary, the genotypic characterization of NoVpositive samples revealed a wide diversity of circulating
genotypes, with GⅡ.4 predominantly being associated
with gastroenteritis. Globally, GⅡ.4 circulating strains
have been responsible for a large number of outbreaks
in many countries including China, India, Japan, Egypt,
[13]
Turkey and Italy . The evolution of GⅡ.4, described
as being epochal (long periods of status quo followed
by outbursts of variation) over time generates escape
mutants that are periodically selected for by herd
[11]
immunity . Further studies are needed to assess the
extent of NoV molecular diversity in Lebanon among
different age groups.
While we partially genotyped our circulating strains,
we realize that we cannot suggest any recombination
event to elaborate on the diverse genotypes detected
among our study participants. Nevertheless, our study
confirms the significant role of NoV as a causative
agent of gastroenteritis among children less than 5
years old in Lebanon. Our results are compatible with
global reports in which most cases of NoV-associated
gastroenteritis are attributable to GII.4. The continuous
monitoring of NoV infection among different age groups
is needed in Lebanon to support intervention strategies
and to detect new circulating variants possibly
associated with increased rates of morbidity.
In conclusion, we report the results of a large-scale
study on NoV-associated gastroenteritis in Lebanon.
Our results are compatible with global reports in which
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most cases of viral gastroenteritis among children
aged < 5 years are attributable to GⅡ.4. Moreover,
our data support a peak incidence in July, whereas
other reports show peak incidences during the cold
months (e.g., North America, parts of Europe). The
seasonal pattern of NoV in Lebanon should be further
investigated. Efforts should be made to introduce the
clinical diagnosis of the virus due to its impact on the
community as well as health care institutions.
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Background

Norovirus (NoV) is one of the most common causes of acute gastroenteritis
among children. To the best of our knowledge, there have been no large
scale studies conducted in Lebanon on NoV and its association with acute
gastroenteritis among children aged < 5 years. Moreover, the authors have no
data on the genotypic characterization of the predominantly circulating NoV
strains in Lebanon as compared to other countries. This study is important to
support intervention strategies.
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Research frontiers

NoV is the leading cause of acute gastroenteritis across all age groups seeking
medical care in emergency departments, outpatient clinics and the community.
Recent reviews of the literature on community, outpatient and hospital-based
studies in developing and developed countries report that NoV gastroenteritis
accounts for 10%-15% of severe cases in children aged < 5 years and 9%-15%
of cases of mild to moderate diarrhea among individuals of all ages. This data
are compatible with global reports in which NoV Genogroup 2 genotype 4 are
the most prevalent strains associated with gastroenteritis.
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Innovations and breakthroughs

To the best of our knowledge, there have been no large studies conducted in
Lebanon on NoV and its association with acute gastroenteritis. The aim of this
study was to determine the prevalence of NoV gastroenteritis, as well as the
genotypic characterization of the virus among hospitalized children < 5 years
old. The authors believe that this study is the first in Lebanon to report on the
circulating strains of NoV GⅠ and GⅡ among children hospitalized due to
acute gastroenteritis.
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Applications

This study is believed to be the first to report on the clinical epidemiology,
seasonality and genotypic characterization of NoV as a causative agent of
acute gastroenteritis leading to hospitalization among children < 5 years old in
Lebanon. This study is important to guide intervention strategies in Lebanon
as well as the national introduction of clinical diagnosis of the virus as a major
cause of gastroenteritis.
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Peer-review

Important work on an interesting topic, the clinical and epidemiologic
characteristics of NoV gastroenteritis among hospitalized children in Lebanon.
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Abstract
AIM
To study the impact on cleavage of tumor necrosis
factor receptor-associated factor 1 (TRAF1) regulated
by Helicobacter pylori (H. pylori ).
METHODS
Cleavage of TRAF1 was detected by western blotting
in the human gastric cancer cell line AGS following
treatment with an apoptosis inducer. Cleavage of
TRAF1 mediated by caspase was examined in vitro
using specific caspase inhibitors. The effect of the
COOH-terminal TRAF1 fragment on gastric cell
apoptosis during H. pylori infection was measured
using flow cytometry. The impact of H. pylori infection
on TRAF1 cleavage was detected in the presence of
apoptosis inducer. The roles of H. pylori virulence
factors that may regulate TRAF1 cleavage were
analyzed using isogenic cagA- , vacA- and cagE- null
mutants.
RESULTS
TRAF1 was found to be cleaved in AGS cells treated
with the apoptosis inducer, and caspase-8 was the
major caspase involved in the cleavage of TRAF1. The
COOH-terminal TRAF1 fragment significantly induced
cell apoptosis (P < 0.05) as well as promoted H. pylori induced cell apoptosis (P < 0.05). H. pylori infection
was found to significantly inhibit the cleavage of
TRAF1 and to inhibit the activation of caspase-8 in the

10566

December 28, 2016|Volume 22|Issue 48|

Wan XK et al . H. pylori inhibits TRAF1 cleavage

presence of the apoptosis inducer at specific infection
times and different cell/bacteria ratios. We also found
that the effects of cagE- and cagA- null mutants on
the inhibition of TRAF1 cleavage and activation of
caspase-8 were significantly attenuated, compared with
wild-type H. pylori , in the presence of the apoptosis
inducer, showing that the virulence factor CagA was
mainly involved in the inhibition of TRAF1 cleavage.
CONCLUSION

H. pylori infection significantly inhibits the cleavage of
TRAF1 via a CagA-dependent mechanism, which would
increase the relative amounts of full-length TRAF1 and
exert an antiapoptotic effect on H. pylori -infected cells.

Key words: Helicobacter pylori ; Tumor necrosis factor
receptor-associated factor 1; CagA; Cleavage; Apoptosis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We report our first results from a study
of Helicobacter pylori (H. pylori )-mediated tumor
necrosis factor receptor-associated factor 1 (TRAF1)
cleavage. The impact of H. pylori infection and its
virulence factors on TRAF1 cleavage were detected
in the presence of an apoptosis inducer. This study
demonstrates, for the first time, that the cleavage
of TRAF1 and the activation of caspase-8 were
significantly inhibited by H. pylori infection in the
presence of an apoptosis inducer. In addition, the
virulence factor CagA was mainly involved in the
inhibition of TRAF1 cleavage.
Wan XK, Yuan SL, Wang YC, Tao HX, Jiang W, Guan ZY, Cao
C, Liu CJ. Helicobacter pylori inhibits the cleavage of TRAF1
via a CagA-dependent mechanism. World J Gastroenterol 2016;
22(48): 10566-10574 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10566.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10566

INTRODUCTION
Gastric cancer is one of the most common malignant
tumors and the third leading cause of cancer-related
[1]
deaths worldwide . Helicobacter pylori (H. pylori)
is a gram-negative, spiral shaped pathogen that
successfully colonizes human gastric mucosa and
is a strong risk factor for chronic gastritis, peptic
ulcer, mucosa-associated lymphoid tissue lymphoma
[2-4]
and gastric cancer
. H. pylori pathogenesis is
determined largely by interactions between bacterial
factors and host cells. The best-characterized viru
lence determinants of H. pylori are the cytotoxinassociated gene pathogenicity island (cag PAI) and the
vacuolating cytotoxin A (vacA). The cag PAI encodes a
type Ⅳ secretion system (T4SS), which is responsible
for injecting virulence factors, such as CagA protein,
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directly into host cells. Once injected into cells,
the CagA protein will induce complex cell changes
[5,6]
involving various host signaling pathways . Though
numerous studies have identified the association
between H. pylori infection and the development
of gastric carcinoma, the mechanisms underlying
the carcinogenic potential of H. pylori are still not
completely understood.
TRAF1 is a member of the TRAF family and is
characterized by its diverse biological functions, acting
through direct or indirect interactions with multiple
tumor necrosis factor receptor (TNFR) family members
[7]
and intracellular proteins . Several studies have
demonstrated that TRAF1 might exert an antiapoptotic
role in lymphoma cells through regulation of the
[8-10]
[11]
activation of NF-κB
. Wang et al
reported that
TRAF1 expression was up-regulated in the human
gastric mucosal samples infected with H. pylori in a
clinical immunohistochemical analysis. Moreover, the
up-regulation of TRAF1 was increased as the gastric
disease progressed from chronic gastritis to gastric
cancer.
Our previous study showed that the expression of
TRAF1 is up-regulated by H. pylori infection in both
gastric epithelial cells and mice. The up-regulation of
TRAF1 inhibited cell apoptosis as well as increased
the viability of infected cells, which suggested that
TRAF1 is an important protein that contributes to the
[12]
pathogenesis of H. pylori-related gastric cancer .
Interestingly, several studies have shown that TRAF1
could be transformed into a pro-apoptotic form after
cleavage by caspase-8 in the presence of Fas ligand
[13-15]
or TNF-α-induced apoptosis
. Caspase-8 cleaves
TRAF1 into two fragments and overexpression of the
COOH-terminal fragment could enhance Fas or TNF-α
mediated apoptosis. However, whether the cleavage
of TRAF1 could be influenced by H. pylori and the
mechanisms are not known.
The aim of our work was to elucidate the effect on
TRAF1 cleavage regulated by H. pylori and the roles of
H. pylori virulence factors regulating TRAF1 cleavage.
To gain a better understanding of the role of H. pylori
infection related to TRAF1 cleavage, in the present
study we detected the cleavage of TRAF1 in AGS cells
co-cultured with H. pylori or sterile saline alone in the
presence of an apoptosis inducer. We also analyzed the
roles of H. pylori virulence factors that may regulate
TRAF1 cleavage using isogenic cagA-, vacA- and cagEnull mutants.

MATERIALS AND METHODS
Cell line and H. pylori strains

The human gastric cancer cell line AGS was obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). AGS cells were grown in F-12
medium (Invitrogen, United States) supplemented with
10% (vol/vol) fetal bovine serum and were cultured
at 37 ℃ in a humidified 5% CO2 atmosphere. H. pylori
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strain NCTC11637, obtained from Chinese Center for
Disease Control and Prevention (Beijing, China) was
grown on Columbia agar plates with 5% sheep blood.
The plates were incubated in a mixed atmosphere
of 10% CO2, 5% O2, and 85% N2, at 37 ℃ for 24 h,
after which they were harvested by centrifugation
at 1000 × g for 5 min at 4 ℃, washed 3 times with
sterile saline, resuspended in sterile saline and added
to gastric cells as indicated. Isogenic cagA-, cagEand vacA-null mutants of H. pylori strain NCTC11637
were constructed by insertional mutagenesis using
homologous recombination and selected with 25 µg/mL
kanamycin.

Antibodies and reagents

The following primary antibodies were used: mouse
anti-HA tag from Zhongshan Golden Bridge Biotech
nology (Beijing, China); rabbit anti-GAPDH from
Bioworld Technology (United States); rabbit anticaspase-8 from Beyotime Biotechnology (Jiangsu,
China). The following secondary antibodies were used:
peroxidase-conjugated goat anti-mouse IgG (H + L)
and peroxidase-conjugated goat anti-rabbit IgG (H + L)
from Zhongshan Golden Bridge Biotechnology.
The pharmacological inhibitors were as follows:
caspase-8 inhibitor Z-IETD-FMK from BioVision
(United States); pan caspase inhibitor Z-VAD-FMK
and caspase-3 inhibitor Ac-DEVD-CHO from Beyotime
Biotechnology. The apoptosis inducer cycloheximide
(CHX) and TNF-α were purchased from BioVision and
Peprotech (United States) respectively.

Plasmids and transfection

The plasmids pcDNA-TRAF1-HA, pcDNA-TRAF1(D163A)HA, pcDNA- TRAF1-N-HA, pcDNA-TRAF1-C-HA were
constructed by inserting the specific cDNA and HAtag sequences into pcDNA3.1 (+) (conserved in our
laboratory) respectively.
In brief, AGS cells were seeded in a 24-well plate
5
at a density of 1 × 10 cells/well and cultured for 24
h, with a target of 60%-80% confluency at the time
of transfection. Cells were transfected with 0.5 µg of
plasmids using jetPRIME Transfection Reagent (Polyplus,
France) according to the manufacturer’s protocol. After
24 h of transfection, cells were co-cultured with H. pylori
for the indicated experiments.

Western blot analysis

Proteins were extracted from the cultured cells and
homogenized in a lysis buffer containing a protease
inhibitor cocktail (CWBiotech, Beijing, China) accor
ding to the instructions. Then, the proteins were
separated on 12% SDS-PAGE gels and transferred to
nitrocellulose membranes (GE Healthcare Life Sciences,
United States). The membranes were blocked in
phosphate-buffered saline plus Tween-20 (PBST)
containing 5% skim milk powder for 2 h at 37 ℃, and
then incubated with the primary antibodies for 1.5 h
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at 37 ℃. Next, the membranes were incubated with
peroxidase-conjugated secondary antibodies for 1 h at
37 ℃. The membranes were treated with ECL reagents
(Engreen Biosystem, Beijing, China) and visualized
using a Minichemi Lane1D imager (Sagecreation, Beijing,
China), according to the manufacturer’s instructions.

Cell apoptosis analysis

Cell apoptosis was measured according to the
instructions of the Annexin V-FITC Apoptosis Detection
Kit purchased from Beyotime Biotechnology. Briefly,
AGS cells were transfected with the respective
plasmids for 24 h and followed by co-culture with H.
pylori for 24 h. Then, the cells were collected, washed
in sterile PBS, and resuspended at a density of 1 ×
6
10 cells/mL. After that, the cells were stained with
Annexin V-FITC and propidium iodide (PI) for 10 min
prior to the analysis using a FACScan flow cytometer
(Bio-Rad, United States).

Statistical analysis

Statistical analyses in our paper were performed
using the software GraphPad Prism 5. The results
are presented as mean ± SD. Differences among
groups were compared using variance analysis, and
comparisons between two groups were performed
using an unpaired Student’s t-test. Differences were
considered to be significant at P < 0.05.

RESULTS
TRAF1 is cleaved via caspase-8 in AGS cells infected
with H. pylori

To confirm that TRAF1 could be cleaved under the
condition of H. pylori infection, AGS cells transfected
with HA-tagged TRAF1 were treated with the apoptosis
inducer (0.3 µg/mL CHX and 80 ng/mL TNF-α) for
6 h, and then analyzed for the cleavage of TRAF1.
Our results showed that TRAF1 could be significantly
cleaved in AGS cells treated with the apoptosis inducer
(Figure 1A). To confirm that the cleavage site of TRAF1
160
163
is located at aspartic acid 163 in the LVED motif,
AGS cells were transfected with HA-tagged TRAF1
mutation (D163A) and treated with the apoptosis
inducer. The result showed that the TRAF1 mutation
(D163A) could not be cleaved by the apoptosis inducer,
which suggested the cleavage site of TRAF1 is located
at aspartic acid 163 (Figure 1B). To further confirm
the cleavage of TRAF1 mediated by caspase-8, TRAF1
cleavage was examined in vitro using specific caspase
inhibitors in the presence of the apoptosis inducer
treatment or H. pylori infection. As shown in Figure 1C
and 1D, TRAF1 cleavage was blocked completely by
the addition of Z-VAD-FMK, a broad specificity inhibitor
of caspases, and was mainly blocked by Z-IETD-FMK,
a caspase-8-specific inhibitor. However, Z-YVAD-FMK,
a caspase-3-specific inhibitor, had no apparent effect
on TRAF1 cleavage. The results show caspase-8 is the
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Figure 1 Tumor necrosis factor receptor-associated factor 1 is cleaved via caspase-8 in AGS cells infected with Helicobacter pylori. A: AGS cells transfected
with either HA-tagged tumor necrosis factor receptor-associated factor 1 (TRAF1) or empty vector were treated with the apoptosis inducer (0.3 mg/mL CHX and 80
ng/mL TNF-α) for 6 h, and the cleavage of TRAF1 was detected by western blotting; B: AGS cells were transfected with wild-type or D163A mutant of TRAF1 and
analyzed for the cleavage of TRAF1 by western blotting; C: AGS cells transfected with the HA-tagged TRAF1 were pretreated with 20 mmol/L of Z-VAD-FMK, Z-IETDFMK, or Z-YVAD-FMK for 30 min, followed by treatment with the apoptosis inducer for 6 h and then analyzed for the cleavage of TRAF1 by western blotting; D: AGS
cells transfected with the HA-tagged TRAF1 were pretreated with 20 mmol/L of Z-VAD-FMK, Z-IETD-FMK, or Z-YVAD-FMK for 30 min, followed by infection with
Helicobacter pylori strain NCTC11637 for 6 h and then analyzed for the cleavage of TRAF1 by western blotting.

major caspase involved in the cleavage of TRAF1 in
cells infected with H. pylori.

COOH-terminal TRAF1 fragment promoted cell
apoptosis in H. pylori infected cells

To confirm the pro-apoptotic role of the COOHterminal TRAF1 fragment, AGS cells were transfected
with HA-tagged TRAF1, TRAF1 (D163A), the NH2terminal TRAF1 (TRAF1-N), the COOH-terminal TRAF1
(TRAF1-C), or empty vector respectively and cell
apoptosis was analyzed by flow cytometry. The results
showed transfection with TRAF1, TRAF1 (D163A), or
TRAF1-N had no significant effect on cell apoptosis
compared with empty vector control, whereas
transfection with TRAF1-C significantly promoted
cell apoptosis (Figure 2A). In addition, to confirm
the pro-apoptotic role of the COOH-terminal TRAF1
fragment in AGS cells infected with H. pylori, AGS cells
were also transfected with the above five plasmids
respectively and infected with H. pylori for 24 h and
analyzed for cell apoptosis (Figure 2B). The results
showed transfection with TRAF1-N has no significant
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effect on cell apoptosis. Transfection with TRAF1
or TRAF1 (D163A) significantly inhibited H. pyloriinduced apoptosis, whereas transfection with TRAF1-C
significantly promoted H. pylori-induced apoptosis,
thereby indicating the pro-apoptotic role of the COOHterminal TRAF1 fragment in H. pylori infected cells.

H. pylori infection significantly inhibits the cleavage of
TRAF1

To investigate the effect of H. pylori infection on TRAF1
cleavage in cells, the expression of TRAF1 and its
cleavage were examined in AGS cells when co-cultured
with H. pylori or sterile saline alone in the presence of
the apoptosis inducer for the specific infection times
and cell/bacteria ratios. The cleavage of TRAF1 in AGS
cells decreased significantly 4 h after H. pylori infection
compared with the uninfected cells (Figure 3A). The
effect of cell/bacteria ratios (1:10-1:500) on TRAF1
cleavage was then tested. A significantly decreased
cleavage was observed at a ratio of 1:50, and the
cleavage of TRAF1 gradually decreased as the bacteria
amounts increased (Figure 3B). As caspase-8 is the
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Figure 3 Helicobacter pylori inhibits the cleavage of tumor necrosis factor receptor-associated factor 1. A: AGS cells transfected with HA-tagged tumor
necrosis factor receptor-associated factor 1 (TRAF1) were treated with the apoptosis inducer (0.3 mg/mL CHX and 80 ng/mL TNF-α) and co-cultured with Helicobacter
pylori (H. pylori) strain NCTC11637, or left untreated for the infection time indicated, and analyzed for the cleavage of TRAF1 by western blotting; B: AGS cells
transfected with HA-tagged TRAF1 were treated with the apoptosis inducer and co-cultured with H. pylori strain NCTC11637, or left untreated, at the indicated cell/
bacteria ratios and analyzed for the cleavage of TRAF1 by western blotting; C: The same as shown in (A), but analyzed for the uncleaved and cleaved caspase-8 by
western blotting; D: The same as shown in (B), but analyzed for the uncleaved and cleaved caspase-8 by western blotting.

major caspase involved in the cleavage of TRAF1,
we next analyzed the activation of caspase-8. As
shown in Figure 3C and D, the cleaved caspase-8 was
significantly decreased when co-cultured with H. pylori
in the presence of the apoptosis inducer for the specific
infection times as well as the indicated cell/bacteria
ratios, suggesting that the activity of caspase-8 was
inhibited. These results indicate that H. pylori infection
significantly inhibits the cleavage of TRAF1.

CagA is the major virulence factor involved in inhibiting
the cleavage of TRAF1

As CagA is a major virulence factor in H. pylori-related
gastric pathogenesis, we next investigated whether
CagA could affect TRAF1 cleavage. The isogenic cagA-,
vacA- and cagE-null mutants were used. H. pylori
lacking CagE cannot form an effective type Ⅳ secretion
system and inhibits the translocation of CagA into
cells, whereas knocking-out of cagA and vacA leads to
no expression of the VacA and CagA virulence factors,
respectively.
AGS cells were infected with the wild-type H. pylori
or the isogenic H. pylori mutants in the presence of
the apoptosis inducer, and analyzed for the TRAF1
cleavage. The results showed the TRAF1 cleavage
significantly increased in 6 h and 12 h after infection
with cagE- and cagA-null mutants compared with
wild-type H. pylori, while the vacA-null mutant had no
significant changes compared with wild-type H. pylori
(Figure 4A). A significantly increased cleavage was
also observed in cagE- and cagA-null mutants at the
indicated cell/bacteria ratios (1:100-1:500) (Figure
4B). This suggested that the effect of cagE- and cagA-
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null mutants on the inhibition of TRAF1 cleavage was
significantly attenuated compared with wild-type H.
pylori in the presence of the apoptosis inducer. We
also analyzed the uncleaved and cleaved caspase-8
forms at the indicated infection time and cell/bacteria
ratios. As shown in Figure 4C and D, the activity of
caspase-8 significantly increased in the cagE- and
cagA-null mutants compared with wild-type H. pylori.
Thus, these results suggested that the virulence factor
CagA plays an important role in the H. pylori-mediated
inhibition of TRAF1 cleavage.

DISCUSSION
In the present study, we show the previously uniden
tified role of TRAF1 cleavage regulated by H. pylori
infection. TRAF1 was found to be cleaved via caspase-8
in AGS cells treated with an apoptosis inducer, and the
COOH-terminal TRAF1 fragment was found to promote
H. pylori-induced cell apoptosis. However, H. pylori
infection was found to inhibit the cleavage of TRAF1
as well as inhibit the activation of caspase-8 in the
presence of the apoptosis inducer. We also found that
the H. pylori virulence factor CagA is mainly involved
in the H. pylori-mediated inhibition of TRAF1 cleavage.
TRAF1 is a member of the TRAF family and is
dysregulated in various diseases, such as atheroma,
[16-19]
lymphoma, and solid tumors
. Some studies sug
[8,9]
gested that TRAF1 plays an antiapoptotic role
and
[20,21]
could suppress TNFR-induced cell apoptosis
.
Immunohistochemistry of gastric mucosal specimens
from H. pylori-positive patients with chronic gastritis
(CG), intestinal metaplasia (IM), dysplasia, and

10571

December 28, 2016|Volume 22|Issue 48|

Wan XK et al . H. pylori inhibits TRAF1 cleavage

gE

gA

Δ

ca

Hp
-

Hp
-

Δ

va

ca

Hp
-

cA

Hp

l
Co

W
T

Δ
Hp
-

Δ

gA

ca

nt
ro

gE

ca

Hp
-

Δ

va

Hp
-

W
T

nt
ro
Co

TNF-a + CHX

12 h

cA

Hp

l

6h

Δ

A

TRAF1

TRAF1-C

GAPDH

B

Hp-ΔvacA

Hp-ΔcagE

Hp-ΔcagA

1:
50
0

1:
20
0

1:
20
0
1:
50
0
1:
10
0

1:
10
0

1:
50
0

1:
20
0

1:
10
0

1:
20
0
1:
50
0

1:
10
0

Co

TNF-a + CHX

nt
ro

l

WT Hp

TRAF1

TRAF1-C

GAPDH

gA

-Δ

ca

ca

Hp

-Δ

-Δ

va

Hp

T
W

Co

gE

cA

Hp

l
ro
nt

ca

Hp

-Δ

gA

-Δ

gE

ca

Hp

-Δ

T
W

va

Hp

ro
nt
Co

TNF-a + CHX

12 h

cA

Hp

l

6h

Hp

C

Caspase 8

Cleaved
caspase 8

GAPDH

0
1:
50

0
1:
20

0
1:
10

0

0

Hp-ΔcagA

1:
50

1:
20

0
1:
10

0

Hp-ΔcagE

1:
50

0
1:
10

0

0

1:
50

1:
20

0

1:
10

ro
l
Co
nt

TNF-a + CHX

0

Hp-ΔvacA

WT Hp

1:
20

D

Caspase 8

Cleaved
caspase 8

GAPDH

Figure 4 CagA is the major factor involved in inhibiting the cleavage of tumor necrosis factor receptor-associated factor 1. A: AGS cells transfected with
tumor necrosis factor receptor-associated factor 1 (TRAF1) were treated with the apoptosis inducer (0.3 mg/mL CHX and 80 ng/mL TNF-α), and co-cultured with
Helicobacter pylori (H. pylori) strain NCTC11637 or its isogenic vacA-, cagE- or cagA-null mutants, and analyzed for the cleavage of TRAF1 at 6 h and 12 h by western
blotting; B: AGS cells transfected with TRAF1 were treated with the apoptosis inducer, and co-cultured with H. pylori strain NCTC11637, or its isogenic vacA-, cagEor cagA-null mutants at the indicated cell/bacteria ratios, and analyzed for the cleavage of TRAF1 by western blotting; C: The same as shown in (A), but analyzed for
uncleaved and cleaved caspase-8 by western blotting; D: The same as shown in (B), but analyzed for uncleaved and cleaved caspase-8 by western blotting.
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gastric carcinoma (GC) showed that positive TRAF1
expression was detected in 34.8%, 53.3%, 72.7%,
and 88.9% specimens of CG, IM, dysplasia, and GC,
respectively, suggesting that TRAF1 may be involved
[11]
in H. pylori-induced gastric carcinogenesis . Our
previous study showed that the up-regulation of
TRAF1 could be induced by H. pylori in both gastric
epithelial cells and mice. The up-regulation of TRAF1
inhibited cell apoptosis and increased the viability
of gastric epithelial cells infected with H. pylori. We
also determined that H. pylori infection significantly
enhanced the formation of the antiapoptotic complex
containing TRAF1, TRAF2, cIAP1, and cIAP2, which
might play a major role in suppressing the activation
[12]
of caspase-8 and in inhibiting cell apoptosis .
Though the full-length TRAF1 protein exerts an
anti-apoptotic role during H. pylori infection, TRAF1
could be converted into a pro-apoptotic protein after
[13-15]
cleavage
. So, it is important to explore the
regulation of TRAF1 cleavage by H. pylori. In our
study, we found the cleavage of TRAF1 as well as
the activation of caspase-8 induced by the apoptosis
inducer could be significantly inhibited by H. pylori
infection. As the COOH-terminal TRAF1 fragment has
a pro-apoptotic role, the inhibition of TRAF1 cleavage
may further protect H. pylori-infected cells from
apoptosis. Our results showed that the cleavage of
TRAF1 decreased significantly after 4 h following H.
pylori infection and the cleavage of TRAF1 gradually
decreased as the bacteria amounts increased, which
suggests the inhibition of TRAF1 cleavage is related to
the infection time and the bacterial amounts.
Another important finding is that the inhibition
of TRAF1 cleavage was mainly dependent on the H.
pylori virulence factor CagA. Our results suggested
that the effects of cagE- and cagA-null mutants on
the inhibition of TRAF1 cleavage were significantly
attenuated compared with wild-type H. pylori or the
vacA-null mutant in the presence of the apoptosis
inducer. However, the mechanisms are not completely
understood. It is possible that CagA-positive H.
pylori up-regulates the expression of TRAF1, TRAF2,
cIAP1, and cIAP2, which can increase formation of
the antiapoptotic complex to suppress caspase-8
activation and then inhibit TRAF1 cleavage. It is also
possible that H. pylori inhibits caspase-8 activation
via other signaling pathways mediated by activation
of NF-κB, thereby inhibiting TRAF1 cleavage. NFκB is a major transcription regulator involved in
inflammation, cell proliferation, and apoptosis, which
are considered to be anti-apoptotic and to have an
[22]
oncogenic role . H. pylori infection could activate
NF-κB through host-bacterial interactions via multiple
[23,24]
signaling pathways
. Among these pathways, CagA
is the major bacterial component to induce activation
of NF-κB through interaction with multiple signaling
regulators, such as receptor tyrosine kinase c-Met,
guanine exchange factor α-Pix, and Ras, thereby
leading to activation of phosphatidylinositol-3-kinase
(PI3K)/Akt kinase, transforming growth factor beta-
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activated kinase 1 (TAK1), and MAPK/ERK signaling
[25-28]
pathways
.
In summary, our study suggested that during its
evolutionary adaptation to the host gastric environment
and to counteract detrimental conditions, H. pylori
infection induced the up-regulation of TRAF1 as well
as inhibited its cleavage. Therefore, the dysregulation
and increase of TRAF1 may be advantageous for H.
pylori by allowing this pathogen long-term habitation
in the gastric mucosa without triggering cell apoptosis.
However, this change may increase the risk of gastric
carcinoma.
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Background

Our previous study showed that tumor necrosis factor receptor-associated
factor 1 (TRAF1) is up-regulated by Helicobacter pylori (H. pylori) infection in
both gastric epithelial cells and mice. The up-regulation of TRAF1 has been
shown to inhibit cell apoptosis and to increase the viability of infected cells,
suggesting that TRAF1 may be an important molecule during the pathogenesis
of H. pylori-related gastric cancer. Interestingly, several studies have shown
that TRAF1 can be converted into a pro-apoptotic protein after cleavage by
caspase-8 in the presence of Fas ligand or TNF-α-induced apoptosis. However,
whether the cleavage of TRAF1 could be influenced by H. pylori infection and
the related mechanism are not known.

Research frontiers

Gastric cancer is the fifth most common malignancy and the third leading cause
of cancer-related deaths worldwide. Though numerous studies have identified
an association between H. pylori infection and the development of gastric
carcinoma, the mechanisms underlying the carcinogenic potential of H. pylori
are still not completely understood.

Innovations and breakthroughs

The authors report our first results from a study of H. pylori-mediated TRAF1
cleavage. This study demonstrates for the first time that the cleavage of TRAF1
and the activation of caspase-8 were significantly inhibited by H. pylori infection
in the presence of an apoptosis inducer. In addition, the virulence factor CagA
was found to be mainly involved in the inhibition of TRAF1 cleavage.

Applications

This results suggest that, during its evolutionary adaptation to the host
environment and to counteract detrimental conditions, H. pylori infection
induced the up-regulation of TRAF1 as well as inhibited its cleavage. The upregulation of TRAF1 inhibited cell apoptosis and increased the viability of
infected cells, suggesting that TRAF1 may be a potential target for prevention
and diagnosis during the pathogenesis of gastric cancer related to H. pylori
infection.

Terminology

Cytotoxin-associated gene A (CagA), an important virulence factor and the
only bacterial oncoprotein, is delivered into gastric epithelial cells via type Ⅳ
secretion of H. pylori. Upon delivery, CagA perturbs multiple host signaling
pathways by interacting with the host signaling molecules, resulting in
cytopathic effects and subsequent cell transformation.

Peer-review

The following are comments and questions to authors. I hope to take
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consideration for further improvement: (1) the detailed characteristics of AGS
cell and the reason why this cell line was selected needs to be explained; (2)
the authors revealed TRAF1 was cleaved by an apoptosis inducer and it was
attenuated by a caspase-8 inhibitor. Do the authors have data that caspase-8
itself cleaved TRAF1? (3) for easy understanding, a correlation diagram in H.
pylori and TRAF1 cleavage should be presented.
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Abstract
AIM
To evaluate the feasibility of repairing a common bile
duct defect with a decellularized ureteral graft in a
porcine model.
METHODS
Eighteen pigs were randomly divided into three groups.
An approximately 1 cm segment of the common bile
duct was excised from all the pigs. The defect was
repaired using a 2 cm long decellularized ureteral graft
over a T-tube (T-tube group, n = 6) or a silicone stent
(stent group, n = 6). Six pigs underwent bile duct
reconstruction with a graft alone (stentless group). The
surviving animals were euthanized at 3 mo. Specimens
of the common bile ducts were obtained for histological
analysis.
RESULTS
The animals in the T-tube and stent groups survived
until sacrifice. The blood test results were normal in
both groups. The histology results showed a biliary
epithelial layer covering the neo-bile duct. In contrast,
all the animals in the stentless group died due to biliary
peritonitis and cholangitis within two months post-
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surgery. Neither biliary epithelial cells nor accessory
glands were observed at the graft sites in the stentless
group.
CONCLUSION
Repair of a common bile duct defect with a decellularized
ureteral graft appears to be feasible. A T-tube or
intraluminal stent was necessary to reduce postoperative
complications.
Key words: Decellularization; Stent; Bile duct injury;
Biliary reconstruction; Ureteral graft
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A common bile duct defect is a challenge for
hepatobiliary surgeons. A decellularized ureteral graft
was introduced in this experimental study to repair a
common bile duct defect. If the biliary reconstruction
was performed with a T-tube or stent insertion into
the ureteral graft, all animals survived with normal
liver function. The histology results showed a biliary
epithelial layer regeneration over the graft. Thus, repair
of a common bile duct defect with a decellularized
ureteral graft appears to be feasible. In addition, a
T-tube or stent was found to be necessary to reduce
postoperative complications in this study.
Cheng Y, Xiong XZ, Zhou RX, Deng YL, Jin YW, Lu J, Li
FY, Cheng NS. Repair of a common bile duct defect with a
decellularized ureteral graft. World J Gastroenterol 2016;
22(48): 10575-10583 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10575.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10575

INTRODUCTION
Defects of the common bile duct may result from
operations to treat a congenital choledochous cyst,
extrahepatic cholangiocarcinoma or Mirizzi syndrome.
However, most defects generally follow iatrogenic bile
[1-4]
duct injury during cholecystectomy . A small defect
may be successfully treated by a plastic repair to enlarge
the lumen or an end-to-end anastomosis over a T-tube
if there is enough normal biliary tissue to repair the
[4-7]
defect without tension . A long defect from extensive
loss of the common bile duct is a major challenge for
[1-3]
hepatobiliary surgeons . The most commonly used
method for repair of a long common bile duct defect is a
biliary-enteric anastomosis (e.g., hepaticojejunostomy,
[1-3]
choledochojejunostomy, choledochoduodenostomy) .
However, a biliary-enteric anastomosis may cause
complications, such as retrograde biliary infection,
anastomotic stricture, hepatolithiasis and biliary cirrhosis,
[5-7]
because of the lack of the sphincter of Oddi . An
alternative method for repairing the defect is the use of
autologous tubular tissue (e.g., artery, vein, appendix),
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which may cause fibrosis in the free graft and stricture
formation at the location of the anastomosis. These
[8-11]
issues can impair long-term success
.
In recent years, several new materials with
fewer foreign body reactions have been successfully
introduced as substitutes for normal bile ducts for
[12-16]
biliary defect reconstruction
. To our knowledge,
decellularized ureter tissue has not yet been used as
a substitute in experimental biliary defect repair. The
primary aim of the present study was to evaluate the
feasibility of common bile duct defect repair with a
decellularized ureteral graft in a porcine model. The
secondary purpose was to determine the effect of a
T-tube and intraluminal stent on the outcomes of the
present study.

MATERIALS AND METHODS
Laboratory animals

The study was approved by the Local Ethics Committee
of West China Hospital (Sichuan, China) (Permit
Number: SYXK2013-119) and was in accordance with
the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health. A total of 18
experimental pigs (Neijiang cross) were obtained from
the Chengdu Ping’an Experimental Animal Reproduction
Center (Sichuan, China). Male and female pigs were
used and all weighed between 25 and 35 kg. Before
starting this experiment, all animals were housed and
fed for one week at the Experimental Animal Center
at Sichuan University to allow time for adaptation to
the new environment. All procedures were carried out
under anesthesia. Analgesics were administered to
minimize the suffering of the animals. According to the
[12-16]
previous published studies
, the pigs were subjected
to euthanasia under anesthesia 3 mo post-surgery by
an intravenous injection of 10% potassium chloride. In
case of an unexpected death, the animal was subjected
to autopsy to find the cause of death.

Decellularized ureteral grafts

Ureters of four experimental pigs (Neijiang cross)
sacrificed by another team were harvested under
sterile conditions. The peripheral connective tissues
surrounding the ureters were mechanically removed.
Before decellularization, ureters were cut into pieces
of 5.0 cm in length. First, ureters were shaken and
washed in phosphate-buffered saline (PBS, pH 7.4)
for 2 h. Second, ureters were placed in a 1% sodium
dodecyl sulfate (SDS; Demchem, Shanghai, China)
solution and stirred (500 rpm) with a magnetic stirrer
for 24 h. Third, ureters were washed in PBS for 2 h.
Fourth, ureters were placed in 1% Triton-100 (Amresco,
Oh, United States) and stirred (500 rpm) with a
magnetic stirrer for 24 h. Then, the decellularized
ureteral grafts were washed in PBS for 24 h. SDS,
Triton-100 and PBS solutions were changed every
12 h. Finally, the decellularized ureteral grafts were
sterilized by gamma radiation and stored in PBS with
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Figure 1 Appearance and structure of a graft used in common bile duct reconstruction. A: The decellularized ureteral graft is over a stent. B: Scanning electron
microscope photogram shows porous extracellular matrix and collagen fibers. Scanning bar indicates 100 μm.
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Figure 2 Surgical technique of common bile duct reconstruction. A: The common bile duct defect was reconstructed with a 2 cm long decellularized ureteral graft
over the lower limb of the T-tube (T-tube group); B: The defect was reconstructed with a graft over an intraluminal stent (stent group); C: The defect was reconstructed
with a graft alone without any T-tube or intraluminal stent insertion (stentless group).

1% antibiotic solution at 4 ℃. These grafts were cut
to 2.0 cm in length (Figure 1A). A scanning electron
microscopy (SEM) photogram was obtained to evaluate
the graft surface (Figure 1B).

Animal model of a common bile duct defect

Preoperatively, all animals were fasted for 12 h but had
free access to water. Thirty minutes before surgery,
cefoxitin sodium (0.15 g/kg; Jiangsu Yangzijiang,
Co., Ltd, China) was administered intravenously.
Anesthesia was induced by an intravenous injection
of diazepam (0.2 mg/kg) (Hubei Pharmacy, Co., Ltd,
China), fentanyl (10 µg/kg) (Yichang Renhe, Co., Ltd,
China), ketamine (2 mg/kg) (Zhejiang Jiuxu, Co.,
Ltd, China) and succinylcholine (2 mg/kg) (Jiangsu
Yangzijiang, Co., Ltd, China). After endotracheal
intubation, anesthesia was maintained by oxygen and
isoflurane (NunanBeite, Co., Ltd, China). All operations
were performed under sterile conditions. All animals
were placed in the supine position. After a sterile skin
preparation, a right subcostal incision was made.
After gross inspection of the abdominal cavity, the
hepatoduodenal ligament was dissected to identify the
cystic duct and common bile duct. After mobilization
of the entire common bile duct, a 1 cm long segment
distal to the entrance of the cystic duct was resected
to create a model of a common bile duct defect. The
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gallbladder was left in situ.

Study design and surgical technique

Eighteen pigs were randomly divided into three groups,
namely, the T-tube (n = 6), stent (n = 6) and stentless
(n = 6) groups. In the T-tube group, an 8- or 10-Fr
latex T-tube was inserted through a separate incision in
the proximal common bile duct approximately 0.5 cm
away from the defect. The common bile duct defect was
bridged by a 2 cm long decellularized ureteral graft and
repaired without tension. An end-to-end anastomosis
over the lower limb of the T-tube was performed in this
group (Figure 2A). The anastomoses were completed
using two continuous 7-0 prolene sutures (Ethicon, NY,
United States). A pedicled omentum flap was brought
up to wrap the interposed graft for vascularization. The
abdomen was closed in two layers (peritoneum and
skin) using interrupted 0# silk sutures (Ethicon, NY,
United States). The T-tube was fixed on the abdomen
and no abdominal drain was placed. The animal had
free access to water on the day of the procedure and
resumed a normal oral diet on the first postoperative
day. Cefoxitin sodium (0.15 g/kg; Jiangsu Yangzijiang,
Co., Ltd, China) was administered intramuscularly for
the first 3 postoperative days. The T-tube was allowed
to drain freely for 3 mo. In the stent group, an end-toend anastomosis was performed with continuous 7-0
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Table 1 Post-operative complications in animals
Treatments

Complications

T-tube group + stent group
Stentless group

0.8

Bile leakage
Biliary stricture
Hepatolithiasis

0.6
Survial

Groups
T-tube

Stent

Stentless

0/6
0/6
0/6

0/6
1/6
0/6

1/6
6/6
3/6

0.4

0.2

0.0
0.00

0.50

1.00

1.50
2.00
Time (mo)

2.50

3.00

Figure 3 Survival rates. All animals in the T-tube group and stent group
survived until their sacrifice after 3 mo. In stentless group, all of the animals
died in 2 mo.

prolene sutures (Ethicon, NY, United States) over an 8-Fr
silicon stent (Figure 2B). The endoluminal stent was
approximately 4 cm in length and had a decellularized
ureteral graft in the middle. The stent spread out 1 cm
into the proximal and distal common bile duct stumps.
Two transmural stitches using 7-0 prolene sutures were
made to fix the position of the stent. In the stentless
group, the end-to-end anastomosis was completed
with continuous 7-0 prolene sutures (Ethicon, NY,
United States) without any T-tube or intraluminal stent
insertion (Figure 2C).

Biochemistry and cholangiography

Blood samples were drawn at postoperative week 1
and once a month. They were sent to the biochemical
laboratory at West China Hospital, Sichuan University
to evaluate each animal’s liver function. The tests
included total bilirubin (TB), alanine aminotransferase
(ALT) and gamma-glutamyl transpeptidase (GGT). At
3 mo postoperatively, cholangiography was performed
for the surviving animals under general anesthesia.
During the cholangiography, 20 ml of contrast media
(50% iohexol injection; Zhejiang Tianrui, Co., Ltd,
China) was injected into the biliary tract through
either the T-tube for animals in the T-tube group
or percutaneous gallbladder puncture using guided
ultrasonography for animals in the stent and stentless
groups. Images were obtained and evaluated by a
radiologist at West China Hospital.

Histopathology

Following the cholangiography, all surviving animals
underwent an exploratory laparotomy. After a general
inspection of the abdominal cavity for signs of biliary
leakage and abdominal abscess, all animals were
sacrificed by an intravenous injection of 10% potassium
chloride. The entire extrahepatic biliary tree, including
grafts and native bile ducts, were harvested from the
animals. Specimens of the bile ducts were fixed in
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either 10% neutral buffered formalin or liquid nitrogen
and sent to the Pathology Department of West China
Hospital for histopathology evaluation. Conventional
hematoxylin/eosin (H&E) staining was performed
to observe the morphology of the bile duct. An anticytokeratin 19 antibody (CK19, 1:200, Sigma, United
States) was used for immunofluorescent staining to
label the bile duct epithelium.

Statistical analysis

SPSS statistical software package (version 22.0, SPSS
Inc., Chicago, IL, United States) was used for the
statistical analyses. A Mann-Whitney U test or KruskalWallis analysis of variance with multiple comparisons
was applied to analyze various continuous variables.
Data were considered statistically significant when the
P value was less than 0.05.

RESULTS
Survival and complications

All 18 pigs survived the operation. The animals in the
T-tube and stent groups gained weight and were in
a good general condition after 3 mo at the time of
sacrifice. However, the use of only a decellularized
ureteral graft for the bile duct reconstruction (stentless
group) led to the death of four animals in the first
month and two animals in the second month. None of
the animals survived until the mandatory sacrifice at 3
mo (Figure 3).
None of the animals in the T-tube group suffered
from any post-operative complications. One biliary
stricture occurred in the 6 pigs in the stent group. This
animal appeared clinically well without a significantly
decreased appetite, jaundice or weight loss at the 3-mo
sacrifice. However, a mild narrowing at the proximal
anastomosis and a mild intrahepatic and extrahepatic
biliary dilatation were noted. It appeared that stent
migration resulted in this biliary stricture because it was
noted at autopsy that the stent was not present at the
graft site. In the stentless group, repair of the common
bile duct defect with a graft alone was not adequate.
Within two weeks of the operation, 1 of the 6 pigs
(16.7%) developed bile leakage and biliary stricture and
subsequently died due to biliary peritonitis. The other
five pigs in the stentless group suffered from severe
biliary stricture and subsequent death due to acute
obstructive suppurative cholangitis. Hepatolithiasis was
observed in three pigs that suffered from severe biliary
stricture in the stentless group (Table 1).
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Table 2 Biochemical results of animals in each group
Parameters
Total bilirubin (μmol/L)

Normal range

Groups

1.7-8.5

T-tube
Stent
Stentless
T-tube
Stent
Stentless
T-tube
Stent
Stentless

Alanine aminotransferase (IU/L)

15.0-66.0

Gamma-glutamyl transpeptidase (IU/L)

10.0-88.0

1 mo postoperative
3.0 ± 0.3
3.2 ± 0.5
68.2 ± 15.1a,c
35.2 ± 12.6
34.3 ± 12.1
122.5 ± 35.1a,c
51.2 ± 7.2
47.1 ± 5.3
233.4 ± 61.5a,c

2 mo postoperative
3.2 ± 0.3
3.4 ± 0.5
106.3 ± 29.2a,c
30.1 ± 5.3
32.1 ± 6.2
209.5 ± 35.4a,c
50.1 ± 5.3
52.1 ± 6.2
265.8 ± 82.6a,c

3 mo postoperative
3.3 ± 0.4
3.6 ± 0.5
NA
36.1 ± 10.3
33.2 ± 7.2
NA
48.8 ± 6.6
52.0 ± 10.6
NA

a

p < 0.05, stent group vs stentless group; cp < 0.05, T-tube group vs stentless group. NA: Not available.

A

B

Figure 4 Postoperative cholangiography. A: Cholangiography of a survivor in the T-tube group performed at 3 mo; B: Cholangiography of a survivor in the stent
group performed at 3 mo. Arrows indicate the area of graft interposition. There is no evidence of biliary stricture formation. There is no sign of proximal dilatation or
biliary obstruction.

Biochemistry and cholangiography

The biochemical results of the animals in each group
are shown in Table 2. In the T-tube and stent groups,
all the biochemical parameters (TB, ALT and GGT) were
within normal ranges throughout the study. There was
no significant difference in any parameter at each time
point between the T-tube and stent groups. In contrast,
the levels of TB, ALT and GGT were significantly
increased in the surviving animals in the stentless
group. The mean levels of TB, ALT and GGT in the
stentless group were significantly higher than those in
the T-tube and stent groups at each time point.
The animals that survived in the T-tube and stent
groups underwent cholangiography at 3 mo before
sacrifice. Cholangiograms showed that the contrast
passed freely from the bile duct into the duodenum.
Neither biliary leakages nor filling defects were
observed on any cholangiogram in the T-tube group
(Figure 4A). However, 1 biliary stricture was detected
among the 6 pigs in the intraluminal stent group
due to stent migration. A minimal narrowing at the
proximal biliary anastomosis and a mild dilation of the
intrahepatic bile ducts were noted in this animal. There
was no evidence of biliary stricture or proximal biliary
dilatation in any other animals after 3 mo in the stent
group (Figure 4B).
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Histopathology

In the T-tube group, the autopsy at 3 mo revealed that
the common bile ducts were patent in all the explanted
specimens without any bile leakage (Figure 5A). There
was no gross evidence of biliary stricture or proximal
biliary dilatation. Remnants of the 7-0 prolene sutures
were observed at the end-to-end anastomosis. The
decellularized ureteral grafts appeared to be com
pletely degraded. Neo-ducts were observed at 3 mo
post-surgery. The lumen of each neo-bile duct was
covered with a layer of smooth mucosa, which had an
appearance similar to that of the native common bile
duct. There was a progressive contraction of the graft
area from an initial length of 2 cm to 1.1 (0.9-1.2) cm.
In the stent group, the intraluminal stents were
observed in situ in all but one animal during the autopsy
at 3 mo (Figure 5B). The macroscopic results of the five
animals with the stent in situ were similar to those of
the animals in the T-tube group (Figure 5B). However,
the intraluminal stent in one animal disappeared due
to stent migration. This animal developed mild biliary
stricture and proximal biliary dilatation. The mean
length of the graft area was 1.0 (0.8-1.1) cm. In the
stentless group, marked biliary strictures and proximal
biliary dilatations were observed in all the animals
during the autopsy (Figure 5C). In most of the animals,
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Figure 5 Macroscopic results. A: Explanted bile duct of a 3-mo survivor in
the T-tube group; B: Explanted bile duct of a 3-mo survivor in the stent group;
C: Explanted bile duct of an animal who died at 1 mo in the stentless group.
Brackets indicate the area of graft interposition.

Figure 6 Hematoxylin/eosin staining of the graft site. A: H&E staining of
a 3-mo survivor in the T-tube group; B: H&E staining of a 3-mo survivor in the
stent group; C: H&E staining of an animal who died at 1 mo in the stentless
group. Scale bar indicates 100 μm. H&E: Hematoxylin/eosin.

the lumen of the graft site had biliary sludge and
degraded decellularized ureteral graft remnants. The
mean length of the graft area was 0.6 (0.4-1.0) cm.

group) led to dense fibroplasia of the graft site. No
mucosa was detected (Figure 6C).

HE staining results

CK19 immunofluorescent staining was performed to
investigate the biliary epithelial layer. At 3 mo, both
neo-epithelial cells and accessory glands were observed
at the graft sites and stained positive for CK19 in the
animals in the T-tube and stent groups (T-tube group:
Figure 7A; Stent group: Figure 7B). Most of the graft
sites, except for some central areas, were covered by
a layer of irregular biliary epithelium. However, the
CK19 staining at the graft site was negative in the
animals in the stentless group. Neither epithelial cells
nor accessory glands were observed at the graft sites
(Figure 7C).

At 3 mo, there was no recognizable element of the
graft and the decellularized ureteral graft appeared
completely degraded in the T-tube and stent groups.
Cellularization and collagen remodeling were observed
at the graft sites. Only slight inflammation of the graft
sites was noted in both groups. The neo-bile duct
showed a native biliary histological structure. A smooth
mucosa layer encircled the lumen of the neo-bile duct,
which was similar to that of the native bile duct (T-tube
group: Figure 6A; Stent group: Figure 6B). In contrast,
bile duct reconstruction using a graft alone (stentless
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A
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Figure 7 Cytokeratin 19 immunofluorescent staining of the graft site. A: CK19 staining of a 3-mo survivor in the T-tube group; B: CK19 staining of a 3-mo
survivor in the stent group; C: CK19 staining of an animal who died at 1 mo in the stentless group. Scale bar indicates 20 μm. CK19: Cytokeratin 19.

DISCUSSION
This preliminary study suggests that in a porcine
model, a common bile duct defect can be repaired by a
decellularized ureteral graft if either a T-tube or intralu
minal stent is used. The absence of either a T-tube
or intraluminal stent resulted in bile leakage, biliary
stricture and subsequent death. Regeneration of the
biliary mucosa was observed in the surviving animals
at 3 mo post-surgery.
The search for a suitable substitute to repair a long
common bile duct defect caused by disease or trauma
[9]
has attracted many researchers . A wide variety
of autografts (e.g., artery, vein, ureter, appendix,
jejunum) and synthetic grafts (e.g., Vitallium, polyvinyl
sponge, polytetrafluoroethylene, Teflon, Dacron) have
been introduced as substitutes to repair common bile
[8-11,17-22]
duct defects in situ
. Either a tubular graft or a
patch graft was used in these experimental studies.
However, the outcomes of various substitutes in large
animals (e.g., dogs, goats, pigs) are controversial.
Based on studies performed in the past century, most
of the substitutes are not degradable and have failed
mostly because of varying degrees of cholangitis,
[8-11,17-22]
biliary stricture and biliary peritonitis
. With the
development of degradable materials, success has been
reported by some researchers using various degradable
substitutes (e.g., small intestinal submucosa, poly
lactic acid and polycaprolactone, polyglycolic acid
and trimethylene carbonate, collagen sponge and
[12-16]
polypropylene) in this century
. Until recently, there
were no satisfactory reliable substitutes with which to
replace common bile duct defects and restore function
in clinical practice. Only a few case reports have been
published on repairs of the common bile duct defects
[23-25]
using autografts
.
The diameter of the ureter is similar to that of the
common bile duct. Two research teams (Sedgwick
[26]
[10]
et al
and Ulin et al ) evaluated the role of ureteral
grafts in the repair of common bile duct defects
in dogs. In general, free ureteral grafts were dis
appointing in both experimental studies. The entire
free graft was replaced by fibrous tissue and biliary
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stricture occurred at the graft site due to immunological
rejection and inflammatory reactions. Recently, various
decellularization techniques have been introduced to
remove cellular antigens and preserve the extracellular
[27]
matrix (ECM) . The ECM is a biomaterial composed
of structural and functional proteins (e.g., collagen,
elastin), glycosaminoglycans and growth factors. ECM
biomaterial is biodegradable, decellularized and nonimmunogenic material derived from human or animal
[12]
tissue processing
and has been shown to have
[12,27]
regeneration and various tissue healing capabilities
.
This material has been widely used in tissue engi
[12,27]
neering
. ECM biomaterial can not only prevent
immunological rejection and inflammatory reactions
but also facilitate cell adhesion and differentiation
to repair injured tissue and prevent scar tissue
[12,27]
[12]
formation
. Rosen et al
used small intestinal
submucosa (a type of ECM biomaterial) as a bile duct
substitute for common bile duct reconstruction in dogs.
Neither a T-tube nor intraluminal stent was used in
[12]
the study . At 1 mo post-surgery, the graft material
was completely covered by biliary epithelium and by
5 mo, the graft material was completely replaced by
a neo-bile duct. The biliary epithelium of the neo-bile
duct was grossly and microscopically indistinguishable
[12]
from that of a normal canine common bile duct . The
authors concluded that small intestinal submucosa can
be used to repair bile duct defects in a canine model
[12]
[28]
without requiring stenting . However, Gómez et al
were concerned about the safety of small intestinal
submucosa for common bile duct reconstruction
because 1 of the 5 dogs (20%) developed a biliary
stricture at 2 mo post-surgery in Rosen’s experimental
study. They suggested that further studies are needed
to establish the benefits and complications of small
intestinal submucosa in common bile duct recon
[28]
struction . In our experiment, a ureter instead of a
common bile duct was chosen as the graft because the
smooth muscle layer of the former is thicker than that
of the latter. A simple decellularization method was
adopted to remove cells and make ECM biomaterial.
Regarding the ECM biomaterial for the common bile
duct reconstruction, there were significant differences
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between our findings and Rosen’s observations. All
the experimental animals in the stentless group died
from various complications when a sole decellularized
ureteral graft without stenting was used to repair the
bile duct defect. We found at the autopsy that the
decellularized ureteral graft collapsed and shrunk with
severe biliary stricture formation. Possible reasons
for this failure in the stentless group were that the
decellularized ureteral graft had a soft texture and the
pressure in the biliary system was too low to maintain
the luminal structure of the graft. Consequently, it
appeared that either a T-tube or intraluminal stent was
necessary to improve the survival rate in this study.
T-tube drainage and biliary stenting have been
introduced by some surgeons to reduce postoperative
complications after bile duct reconstructions. However,
the use of a T-tube and biliary stent during bile duct
reconstruction is controversial. A T-tube and biliary
stent may reduce the incidence of biliary stricture but
may be associated with significant morbidity. T-tuberelated complications include premature dislodgement,
[29]
biliary leakage and biliary infection . In addition, bile
duct reconstruction over a T-tube requires several
weeks of extra-abdominal drainage, which may cause
loss of appetite and reduce quality of life. In contrast,
placement of an intraluminal stent may reduce T-tuberelated complications without extra-abdominal drainage.
In this experiment, a silicone stent was inserted into the
graft during reconstruction of the common bile duct but
resulted in biliary stricture due to stent migration. In
addition, the silicone stent was not biodegradable and
an additional procedure (e.g., endoscopy, laparotomy)
was required to remove the stent. It appeared that
T-tube drainage was superior to the silicone stent during
the bile duct reconstruction in this experiment. Recently,
biodegradable biliary stents have been developed and
some experiments have reported encouraging results
[30-32]
with them
. Future work is needed to compare the
efficacy of T-tube drainage vs a biodegradable biliary
stent for common bile duct reconstruction.
In summary, the use of decellularized ureteral
grafts appears to be feasible for the repair of common
bile duct defects. Either a T-tube or intraluminal stent
is necessary to improve the survival rate and prevent
bile leakage and biliary stricture formation. Additional
studies are planned to investigate the optimal time for
T-tube or intraluminal stent removal and the optimal
method to promote regeneration of the biliary tract.

cholecystectomy, a challenge for hepatobiliary surgeons.

Research frontiers

In recent years, several new materials with fewer foreign body reactions have
been successfully introduced as substitutes to normal bile ducts for biliary
defect reconstruction.

Innovations and breakthroughs

A decellularized ureteral graft was introduced in this experimental study to
repair a common bile duct defect. If the biliary reconstruction was performed
with a T-tube or stent insertion into the ureteral graft, all animals survived with
normal liver function. The histology results showed a biliary epithelial layer
regeneration over the graft.

Applications

Repair of a common bile duct defect with a decellularized ureteral graft appears
to be feasible. In addition, a T-tube or stent was found to be necessary to
reduce postoperative complications.

Terminology

Extracellular matrix is a biomaterial composed of structural and functional
proteins (e.g., collagen, elastin), carbohydrate polymers and growth factors.
Decellularization is the process to remove cellular components from a tissue.

Peer-review

This is a novel and well designed experiment that provides a new approach
to a complex and common surgical problem. The authors have provided
excellent evidence that the decellularized ureteral graft might be an adequate
replacement for a damaged common bile duct. Long term results with the new
method need to be addressed in future.
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Abstract
AIM
To investigate the pharmacological effect of TongXieYaoFang (TXYF) formula, a Chinese herbal formula, on
Diarrhea-predominant irritable bowel syndrome (D-IBS)
rats.
METHODS
In a neonatal maternal separation plus restraint stress
(NMS + RS) model of D-IBS, male Sprague Dawley
rats were randomly divided into two groups (NMS + RS
group and TXYF-formula group) with no handlings were
used as controls (NH group). Starting from postnatal
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day 60, rats in TXYF-formula group were administered
TXYF-formula (4.92 g/100 g bodyweight) orally twice a
day for 14 consecutive days while NH group and NMS +
RS group were given distilled water. Using short-circuit
current technology, we observed 5-HT-induced changes
of current across ion channels, such as cystic fibrosis
transmembrane conductance regulator (CFTR) Cl
+
2+
channel, epithelial Na channel (ENaC), Ca -dependent
+
+
Cl channel (CACC), Na -K -2Cl co-transporter (NKCC),
+
and Na -HCO3 co-transporter (NBC), in the colonic
epithelium of three groups after exposure to drugs
and specific blockers with a Power Lab System (AD
Instruments International).
RESULTS
Under basal conditions, the changes of short-circuit
2
current (∆Isc, µA/cm ) induced by 5-HT were similar
in NH group and TXYF-formula group, and both higher
2
than NMS + RS group (70.86 µA/cm ± 12.32 µA/
2
2
2
2
cm , 67.67 µA/cm ± 11.68 µA/cm vs 38.8 µA/cm
2
± 7.25 µA/cm , P < 0.01, respectively). When CACC
was blocked by 4,4′-diisothiocyanato-stilbene-2,2′disulfonic acid, 5-HT-induced ∆Isc was smaller in NMS
+ RS group than in NH group and TXYF-formula group,
2
2
respectively (48.41 µA/cm ± 13.15 µA/cm vs 74.62
2
2
2
2
µA/cm ± 10.73 µA/cm , 69.22 µA/cm ± 11.7 µA/cm ,
P < 0.05, respectively). The similar result could be
obtained when ENaC was blocked by Amiloride (44.69
2
2
2
µA/cm ± 12.58 µA/cm vs 62.05 µA/cm ± 11.26
2
2
2
µA/cm , 62.11 µA/cm ± 12.01 µA/cm , P < 0.05,
respectively). However, when CFTR Cl channel was
blocked by 1,1-dimethyl piperidinium chloride (DPC),
5-HT-induced ∆Isc did not significantly differ in three
2
2
2
groups (42.28 µA/cm ± 10.61 µA/cm vs 51.48 µA/cm
2
2
2
± 6.56 µA/cm vs 47.75 µA/cm ± 7.99 µA/cm , P >
0.05, respectively). The similar results could also be
obtained in three groups when NBC and NKCC were
respectively blocked by their blockers.
CONCLUSION
TXYF-formula can regulate the Cl and HCO3 secretion of
colonic mucosa via CFTR Cl channel, Cl /HCO3 exchanger,
NBC and NKCC co-transporters.
Key words: Ion channel; Diarrhea-predominant irritable
bowel syndrome; Colonic mucosa; Short-circuit current;
TongXie-YaoFang formula
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diarrhea-predominant irritable bowel syndrome
(D-IBS) is a chronic functional gastrointestinal disease.
Abnormal ion secretion of colonic mucosal epithelial
cells is recognized as one of the pathophysiological
factors. In this paper, through the observation of
TongXie-YaoFang (TXYF) formula, a Chinese herbal
formula, to D-IBS rats obtained by neonatal maternal
separation plus restraint stress. The mucosal stripping
under a microscope was used for tissue preparation.
Short-circuit current technology was used for testing
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5-HT-induced changes in the current across ion channels
of colonic epithelium. The results indicated that TXYFformula could regulate the secretion of Cl and HCO3
in colonic mucosa via cystic fibrosis transmembrane
conductance regulator (CFTR) Cl channel, Cl /HCO3
+
+
+
exchanger, Na -HCO3 co-transporter and Na -K -2Cl
co-transporter co-transporters.
Yang C, Xiong Y, Zhang SS, An FM, Sun J, Zhang QL, Zhan
Q. Regulating effect of TongXie-YaoFang on colonic epithelial
secretion via Cl- and HCO3- channel. World J Gastroenterol 2016;
22(48): 10584-10591 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10584.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10584

INTRODUCTION
Diarrhea-predominant irritable bowel syndrome (D-IBS)
is a chronic functional gastrointestinal disease. Its
clinical manifestations are characterized by diarrhea
and abdominal pain or discomfort in the absence of
a demonstrable pathology. The diagnosis of D-IBS
is based on symptom assessment and the Rome Ⅲ
[1,2]
Diagnostic Criteria . According to an epidemiological
study, D-IBS mainly affects young adults of 20-40 years
[3]
old, and the quality of their lives is seriously affected .
The pathogenesis of D-IBS has not been fully clarified. Consequently, the usual treatment of the disease
in Western medicine involves symptomatic therapy,
which is unsatisfactory for patients while simultane[4-6]
ously increasing the use of health-care resources .
Because traditional Chinese medicine (TCM) can
significantly improve patients’ symptoms and quality
of life, increasing numbers of patients have begun to
[7,8]
seek treatment with TCM .
A series of randomized, double-blind, placebocontrolled trials had shown that TongXie-YaoFang
(TXYF) formula can significantly improve the clinical
symptoms, such as diarrhea and abdominal pain
or discomfort, of patients with D-IBS and improve
[9,10]
the quality of their lives
. However, the specific
mechanism of it has not been completely elaborated.
The purpose of this paper is to observe the regulating
effects of TXYF-formula on colonic epithelial secretion
via relevant ion channels.

MATERIALS AND METHODS
Animals

Neonatal Sprague Dawley rats, postnatal day 1,
were purchased from Vital River Laboratories Animal
Technology Co., Ltd. (Beijing, China; Number of qualitative qualification: 11400700015068, 11400700019786),
and kept at Dongzhimen Hospital Affiliated with Beijing
University of Chinese Medicine [Number of permit:
SYXK(Beijing)2009.0028]. In this study, only male
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litters were used to eliminate the impact of estrogen
and hormones on the secretory and sensory responses
[11]
of the intestine to excitants . Then the pups were
randomly assigned to one of the following two rearing
conditions: (1) neonatal maternal separation plus
restraint stress (NMS + RS); or (2) no handling or
separation (NH).

Neonatal maternal separation plus restraint stress

On postnatal days 2-21, the NMS + RS litters were
removed from their cages and separated from their
dams for 180 min each day, whereas NH pups
[12,13]
remained in their home cages
. Manipulation began
at 0900 h ± 30 min each day to minimize the influence
of circadian rhythms. During the 180 min period of
separation, pups were removed from the nest to standalone compartments, where the temperature was
maintained at 23 ℃ ± 0.5 ℃ in a thermally regulated
facility. The compartments contained bedding of 2.5 cm
wood chips and were adjacent to their home cages. The
litters were returned to their home cages immediately
after separation. All the rats were reared on a 12:12 h
light-dark cycle (lights on at 0800 h) with access to food
and water ad libitum. On day 22, sexes of the pups,
including those in NH group, were distinguishable, so
the females were removed and the males retained. On
day 22, NMS + RS and NH rats were weaned and kept
in individual cages with only 3-4 pups per cage. After
weaning, pups were weighed once a week until the end
of experiment. Manipulations were performed in the
morning with the same measuring instrument and at
the same location.
On days 50-59, NMS + RS rats were placed in transparent plastic restraint cylinders (4 cm × 4 cm × 18
cm), in which they could move forward and backward
[14]
but could not turn around . The rats remained in the
restraint cylinders for 3 h, with access to food and water
ad libitum, in the morning and in the afternoon of each
day. Then NMS + RS rats were divided into two groups
(NMS + RS group and TXYF-formula group).
All animal care and experimental procedures
were conducted according to the institutional ethical
guidelines and conformed to the requirements of the
Institutional Animal Care and Use Committee of Beijing
University of Chinese Medicine and the Animal Ethics
Committee of Dongzhimen Hospital Affiliated with
Beijing University of Chinese Medicine.

TXYF Composition and administration

TXYF-formula consisted of the following four Traditional
Chinese Herbal Medicines: Bai Zhu (Atractylodesm
macrocephala Koidz - Acta Horti Gothoburgensis
12(9): 310 1938)-93.75 g, Shao Yao (Paeonia lactiflora
Pall. - Reise Russ. Reich. 3: 286. 1776)-62.5 g, Chen Pi
(Citrus reticulata Blanco - Fl. Filip. 610 1837.)-46.875
g and Fang Feng (Saposhnikovia divaricata (Turcz.)
Schischk. - Fl. URSS 17: 359 1951.)-31.25 g. It was
manufactured by Preparation Room for TCM of Beijing
Chinese Medicine Hospital. All formula raw materials
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were examined according to the quality control criteria
[15]
in Chinese Pharmacopeia .
From postnatal day 60, rats in TXYF-formula group
were daily given orally administered TXYF-formula (4.92
g/100 g bodyweight) while NH group and NMS + RS
group were treated with distilled water. The delivery
volume in three groups was 2 mL/100 g per day, for 14
consecutive days.

Tissue preparation

After treatment, the rats in three groups were first
anesthetized abdominally with 7% chloral hydrate (35
mg/100 g bodyweight). The distal colon (6-7 cm from
anus) was then quickly removed and incised longitudinally along the mesenteric border. The mucosa was
fixed onto a Petri dish with silica gel in the bottom,
with the lumen side down. The Petri dishes were filled
with Krebs’ solution under 95% oxygen and 5% carbon dioxide. The mucosal layer was carefully separated
from the submucosa, muscularis, and serosal layer
with fine tweezers under a microscope. The mucosal
layer was then cut into small flat sheets, with areas of
2
about 0.5 cm , for further analysis. Two sheets could
be obtained from one segment of the distal colon.

Ussing chamber experiments

Six adjacent tissues from the distal colon of each rat
were obtained and mounted in Ussing chambers.
Krebs’ solution (5 mL) was injected into two small
adjacent compartments with circulating 95% oxygen
and 5% carbon dioxide while pH was maintained at
7.35-7.45 and temperature at 37 ℃. The tissues were
left to equilibrate for 60 min to allow the electrical
parameters to stabilize. The voltage across tissues
was then clamped to zero and the short-circuit current
2
(Isc, µA/cm ) was measured. When the Isc baseline
was smooth, 10 μmol/L indomethacin was added to
basolateral side of the tissue and maintained for 10
min to block the influence of endogenous prostaglan[16,17]
dins
. The Isc value was recorded at this time.
5-HT (10 μmol/L) was then added to basolateral side
and the maximum Isc recorded. The change in Isc (∆Isc)
after the addition of 5-HT was then calculated. To
2
measure the transmembrane resistance (Rt, Ω/cm ),
electrical stimulation of 1 mV was applied to both sides
of the epithelium. Tissue conductance was calculated
according to Ohm’s law and expressed in milliSiemens
2
per square centimeter (mS/cm ). The drugs or specific
blockers were then applied to the apical or basolateral
side of tissue and the ∆Isc of ion channels in colonic
epithelium were calculated and recorded for further
analysis.

Reagents

Krebs’ solution of the following composition (in mol/L):
117 NaCl, 4.7 KCl, 1.2 MgCl2, 24.8 NaHCO3, 1.2 KH2PO4,
2.56 CaCl2, and 11.1 glucose; Krebs’ solution without
Cl : sodium gluconate instead of NaCl, potassium gluconate instead of KCl, calcium gluconate instead of CaCl2,
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Figure 1 Comparison of basic electrophysiological properties of colonic mucosa in rats and 5-HT-induced the changes of short-circuit current among
three groups. A-C: The basic Isc, basic voltage and basic resistance did not differ significantly between three groups, respectively (P > 0.05, respectively); D: TXYFformula significantly increased 5-HT-induced ∆Isc in neonatal maternal separation plus restraint stress (NMS + RS) rats. bP < 0.01 vs NMS + RS group. Isc: The shortcircuit current; ∆Isc: The changes of Isc; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as control.

and the remaining components were the same; Krebs’
solution without HCO3 : 141.8 NaCl, 5.9 KCl, 1.2 MgSO4∙
7 H2O, 2.56 CaCl2, 11.1 glucose, 10 HEPES free acid, and
5.6 Tris. Krebs’ solution without Cl and HCO3 : sodium
gluconate instead of NaCl and NaHCO3, potassium
gluconate instead of KCl, calcium gluconate instead of
CaCl2, and the remaining components were the same.
5-HT, batch number: 1001156278; Glibenclamide,
batch number: 1001068037; Indomethacin, batch
number: 1001087688; Bumetanide, batch number:
101016760; Amiloride, batch number: 101093389;
SITS (4-acetamido-4′-isothio-cyanato-stilbene2,2′-disulfonic), batch number: 1001208418; DPC
(1,1-dimethyl piperidinium chloride), batch number:
101078880; BaCl 2, batch number: 1398; DIDS
(4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid),
batch number: 1001339605. cystic fibrosis transmembrane conductance regulator (CFTR)(inh)-172, batch
number: 6311. All reagents were purchased from
Sigma-Aldrich Co.

Apparatus

A multichannel voltage-current clamp (VCC MC6) was
purchased from Physiologic Instruments Corporation;
the Bridge amplifier (ML228), recording and analysis
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system for physiological data (Power Lab) was purchased from AD Instruments Corporation.

Statistical analysis

All experimental data were analyzed by SPSS 17.0
statistical software and expressed as means ± SE.
The differences between groups were analyzed with
a paired t test. P < 0.05 was considered statistically
significant.

RESULTS
Basic electrophysiological properties of colonic mucosa
in three groups were undifferentiated
The basic Isc did not differ significantly between three
2
2
2
groups (21.02 μA/cm ± 2.92 μA/cm vs 20.29 μA/cm
2
2
2
± 3.58 μA/cm vs 20.71 μA/cm ± 2.04 μA/cm , n
= 18, P > 0.05, respectively; Figure 1A). The basic
voltage in three groups had similar results (3.49 mV
± 0.54 mV vs 3.52 mV ± 0.69 mV vs 3.57 mV ± 0.62
mV, n = 18, P > 0.05, respectively; Figure 1B) as well
2
2
as the basic resistance (166.8 Ω/cm ± 20.11 Ω/cm
2
2
2
vs 173.66 Ω/cm ± 16.39 Ω/cm vs 171.94 Ω/cm ±
2
19.03 Ω/cm , n = 18, P > 0.05, respectively; Figure
1C). The 5-HT-induced change of short-circuit current
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Figure 2 Effects of 1,1-dimethyl piperidinium chloride, Glibenclamide, cystic fibrosis transmembrane conductance regulator(inh)-172, 4,4’-diisothiocyanatostilbene-2,2’-disulfonic acid, Amiloride and Bumetanide on 5-HT-induced the changes of short-circuit current in rats. A: After the intervention with DPC,
Glibenclamide or CFTR(inh)-172, respectively, ∆Isc induced by 5-HT were similar in three groups (P > 0.05, respectively); B: 5-HT-induced ∆Isc was higher in TXYFformula group than in NMS + RS group after the intervention with DIDS or Amiloride. aP < 0.05 vs NMS + RS group; bP < 0.01 vs NMS + RS group. DPC: 1,1-dimethyl
piperidinium chloride; CFTR: Cystic fibrosis transmembrane conductance regulator; ∆Isc: the changes short-circuit current; DIDS: 4,4′-diisothiocyanato-stilbene-2,2′disulfonic acid; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as control.

(∆Isc) in NMS + RS group was respectively smaller
than that in NH group and TXYF-formula group (38.8
2
2
2
μA/cm ± 7.25 μA/cm vs 70.86 μA/cm ± 12.32
2
2
2
μA/cm , 67.67 μA/cm ± 11.68 μA/cm , n = 18, P <
0.01, respectively; Figure 1D).

5-HT-induced ∆Isc after the effects of CFTR Cl- channel
or Na+-K+-2Cl- co-transporter blocker was similar in three
groups. ∆Isc was higher in TXYF- formula group than in
NMS + RS group after the effects of Ca2+-dependent Clchannel or epithelial Na+ channel blocker

DPC or Glibenclamide with final concentration 1 mmol/L
were respectively added to apical side, namely left side
of Ussing chamber, of colonic mucosa and equilibrated
for 30 min. Then 10 μmol/L 5-HT was added to basolateral side (Equilibrated time and added concentration
of 5-HT was same in the following experiment). ∆Isc
induced by 5-HT were similar in TXYF-group and NMS
2
+ RS group, respectively (47.75 μA/cm ± 7.99 μA/
2
2
2
2
cm vs 42.28 μA/cm ± 10.61 μA/cm , 57.57 μA/cm
2
2
2
± 14.25 μA/cm vs 46.78 μA/cm ± 11.68 μA/cm , n
= 8, P > 0.05, respectively; Figure 2A). The similar
result was obtained when CFTR(inh)-172 was added to
apical side with final concentration 100 μmol/L (45.04
2
2
2
2
μA/cm ± 9.18 μA/cm vs 36.2 μA/cm ± 9.64 μA/cm ,
n = 8, P > 0.05; Figure 2A).
5-HT-induced ∆Isc was higher in TXYF-formula
group than in NMS + RS group after the effects of
2+
Ca -dependent Cl channel (CACC) blocker DIDS (500
+
μmol/L, added to apical side) or epithelial Na channel
(ENaC) blocker Amiloride (100 μmol/L, added to apical
2
2
side), respectively (69.22 μA/cm ± 11.7 μA/cm vs
2
2
2
48.41 μA/cm ± 13.15 μA/cm , 62.11 μA/cm ± 12.01
2
2
2
μA/cm vs 44.69 μA/cm ± 12.58 μA /cm , n = 8, P <
0.05, respectively; Figure 2B). There were no statisti+
cal differences in three groups when 100 μmol/L Na +
K -2Cl co-transporter (NKCC) blocker Bumetanide was
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2

2

added to basolateral (37.64 μA/cm ± 10.57 μA/cm vs
2
2
2
27.55 μA/cm ± 10.94 μA/cm vs 29.43 μA/cm ± 7.66
2
μA/cm , n = 8, P > 0.05; Figure 2B).

There were no significant differences in three groups
after the effects of K+ channel blocker, Na+-HCO3- cotransporter blocker or Cl-/HCO3- exchanger inhibitor on
5-HT-induced ∆Isc

∆Isc induced by 5-HT were similar in three groups
+
when 5 mmol/L K channel blocker BaCl2 or 100 μmol/L
Cl /HCO3 exchanger inhibitor SITS was respectively
added to basolateral side of colonic mucosa (25.63
2
2
2
2
μA/cm ± 13.69 μA/cm vs 13.92 μA/cm ± 8.16 μA/cm
2
2
2
vs 17.03 μA/cm ± 9.04 μA/cm , 49.92 μA/cm ±
2
2
2
11.66 μA/cm vs 40.41 μA/cm ± 14.26 μA/cm vs 47.7
2
2
μA/cm ± 11.43 μA/cm , n = 8, P > 0.05, respectively;
Figure 3). There was also no statistical difference in
+
three groups after the effects of 200 μmol/L Na -HCO3
co-transporter (NBC) blocker DIDS (500 μmol/L, added
2
2
to basolateral side) (12.27 μA/cm ± 3.6 μA/cm vs
2
2
2
10.74 μA/cm ± 2.99 μA/cm vs 11.88 μA/cm ± 3.51
2
μA/cm , n = 8, P > 0.05; Figure 3).

5-HT-induced ∆Isc was higher in TXYF-formula group
than in NMS + RS group when Na+ in apical side of
colonic mucosa was taken out. This phenomenon
disappeared while Cl- and HCO3- were taken out
altogether or respectively
+

When Na applied to apical side of colonic mucosa was
substituted with sodium gluconate, 5-HT-induced ∆
Isc was higher in TXYF-formula groups than in NMS
2
2
+ RS group (56.86 μA/cm ± 11.2 μA/cm vs 39.14
2
2
μA/cm ± 10.83 μA/cm , n = 8, P < 0.05; Figure 4A).
+
However, when basolateral side Na was substituted
with sodium gluconate, ∆Isc was similar in three
2
2
2
groups (0.87 μA/cm ± 0.33 μA/cm vs 1.15 μA/cm ±
2
2
2
0.5 μA/cm vs 1.01 μA/cm ± 0.49 μA/cm , n = 8, P >

10588

December 28, 2016|Volume 22|Issue 48|

Yang C et al . TongXie-YaoFang regulate Cl- and HCO3- channel
60

NH
NMS + RS

TXYF-formula

2

∆Isc (μA/cm )

50
40
30
20
10
0
BaCl2

SITS

DIDS

Figure 3 Effects of BaCl2, 4-acetamido-4’-isothio-cyanato-stilbene-2,2’disulfonic and 4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid on
5-HT-induced the changes of short-circuit current in rats. 5-HT-induced
∆Isc were similar in three groups after the intervention with BaCl2, SITS or
DIDS, respectively (P > 0.05, respectively). ∆Isc: the changes short-circuit
current; SITS: 4-acetamido-4′-isothio-cyanato-stilbene-2,2′-disulfonic; DIDS:
4,4′-diisothiocyanato-stilbene-2,2′-disulfonic acid; TXYF: TongXie-YaoFang;
NMS: Neonatal maternal separation; RS: Restraint stress; NH: No handlings as
control.

0.05, respectively; Figure 4B).
5-HT-induced ∆Isc was similar in three groups
when Cl and HCO3 was respectively removed from
2
basolateral side of colonic mucosa (14.42 μA/cm ±
2
2
2
6.07 μA/cm vs 15.95 μA/cm ± 5.64 μA/cm vs 15.09
2
2
2
2
μA/cm ± 4.04 μA/cm , 33.86 μA/cm ± 7.47 μA/cm
2
2
2
vs 26.54 μA/cm ± 8.9 μA/cm vs 31.88 μA/cm ±
2
6.07 μA/cm , n = 8, P > 0.05, respectively; Figure
4C). When both Cl and HCO3 were simultaneously
removed from Krebs’ solution applied to basolateral
side, 5-HT-induced ∆Isc was similar in three groups
2
2
2
(8.38 μA/cm ± 1.15 μA/cm vs 9.3 μA/cm ± 2.16
2
2
2
μA/cm vs 8.51 μA/cm ± 1.2 μA/cm , n = 8, P > 0.05,
respectively; Figure 4C).

DISCUSSION
The etiology and pathogenesis of D-IBS are complex,
and its pathophysiological changes predominantly
include dynamic gastrointestinal disorder and visceral
sensory sensitivity. In TCM, D-IBS is classified as
diarrhea or abdominal pain according to its clinical
[18]
manifestations . Previous studies had shown that
TXYF-formula had an inhibitory effect on bowel movement and reduced intestinal peristalsis by regulating
[19,20]
5-HT
. Pharmacological study showed that Fang
Feng could increase intestinal pressure threshold in rats
[21]
so that to present its analgesic effect . In this study,
we used the method of neonatal maternal separation
plus restraint stress to establish an animal mode of
D-IBS, with the main simultaneous symptoms of diarrhea and high visceral sensitivity. This recapitulates the
clinical symptoms of patients with D-IBS.
The secretion activities induced by 5-HT in colonic
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mucosae of NMS + RS rats were weaker than those in
NH rats or TXYF-formula-treated rats in this study. This
may be related to increased 5-HT and 5-HT-receptor
levels in NMS + RS rats. When 5-HT was added to
colonic mucosa from NMS + RS rats, the electrical
activities across epithelium declined. The reaction to
5-HT in colonic mucosae of rats was restored by treatment with TXYF-formula, to a level almost the same
as that observed in NH rats. This demonstrates that
TXYF-formula has specific therapeutic effects on D-IBS.
We found that one of the therapeutic effects of TXYFformula is achieved by regulating secretion of Cl . The
specific results were as follows: 5-HT-induced ∆Isc in
NMS + RS rats differed significantly from that in TXYFformula group and NH group when extracellular Cl
was not removed. However, when extracellular Cl was
removed, the difference disappeared. When a CFTR Cl
channel blocker was added to apical side or an NKCC
co-transporter inhibitor was added to basolateral side
of tissue, ∆Isc did not differ statistically in NMS + RS
and TXYF-formula-treated rats. In presence of the non+
[22]
selective K channel blocker , 5-HT-induced ∆Isc did
not differ significantly between NMS + RS group and
TXYF-formula group. This indicates that Cl secretion
by mucosal epithelium is dependent on electrochemical
+
gradient across the serosal surface generated by K
transport.
We also found that TXYF-formula alters HCO3
secretion. When extracellular HCO3 was removed or
NBC was inhibited, 5-HT-induced ∆Isc did not differ
between NMS + RS group and TXYF-formula group.
The same result was obtained when extracellular
Cl and HCO3 were both removed or when Cl /HCO3
exchange was interrupted. Thus, the therapeutic effect
of TXYF-formula is achieved by regulating the secretion
+
of both Cl and HCO3 . Moreover, when Na on apical
+
side of membrane was removed or a Na channel
blocker was added, ∆Isc still differed between NMS +
RS group and TXYF-formula group; and the differences
between NMS + RS and NH rats did not disappear.
Therefore, the relationship between therapeutic effects
+
of TXYF-formula on Na transport and D-IBS is not
+
close. Nevertheless, after Na in basilar membrane
was removed, the electrical activity across epithelium
did not differ between TXYF-formula group and NMS +
RS group. Therefore, it can be seen that the regulatory
effects of TXYF-formula on Cl and HCO3 secretion
+
depends on Na in basilar membrane.
There are two main types of Cl channels on apical
side of epithelial cells: CFTR and CACC. CFTR is a
cAMP-dependent, PKA-activated Cl channel, and is
[23,24]
sensitive to DPC and Glibenclamide
. After CFTR
Cl channel was blocked by DPC or Glibenclamide, the
electrical activity across epithelium induced by 5-HT
did not differ obviously between TXYF-formula group
and NMS + RS group. However, the electrical activity
in two groups differed markedly after the application
of CACC blocker DIDS. Therefore, the regulatory effect
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Figure 4 Effects of Na+, Cl– and HCO3– on 5-HT-induced the changes of short-circuit current in rats. A: 5-HT-induced ∆Isc was higher in TXYF-formula group
than in NMS + RS group when Na+ in apical side of colonic mucosa was taken out; B: When Na+ in basolateral side was taken out, ∆Isc was similar in three groups; C:
5-HT-induced ∆Isc was similar in three groups when Cl– and HCO3– was respectively or entirely removed from basolateral side of colonic mucosa. aP < 0.05 vs NMS +
RS group; bP < 0.01 vs NMS + RS group. ∆Isc: the changes short-circuit current; TXYF: TongXie-YaoFang; NMS: Neonatal maternal separation; RS: Restraint stress;
NH: No handlings as control.

of TXYF-formula on electrical activity across epithelia
of D-IBS rats is associated with CFTR Cl channel, and
has nothing to do with CACC channel.
[25,26]
Our results, combined with preliminary studies
about secretory mechanisms of epithelial anions in
colonic mucosa, allow the following conclusions to
be drawn. The regulating effects of TXYF-formula on
D-IBS involves the secretion of Cl and HCO3 in colonic
mucosa via CFTR Cl channel, Cl /HCO3 exchanger, and
NBC and NKCC co-transporters.
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elucidated while colonic abnormal secretory is recognized as one of the
pathophysiological factors. The usual treatment in Western medicine, mainly
involves symptomatic therapy, is unsatisfactory for patients while simultaneously
increasing the use of health-care resources. Traditional Chinese medicine (TCM)
can obviously alleviate patients’ clinical symptoms, increasing numbers of
them have begun to seek treatment with TCM. A lot of researches have shown
that TongXie-YaoFang formula (TXYF-formula), a Chinese herbal formula,
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can significantly improve D-IBS patients’ clinical symptoms and enhance their
quality of lives.

Research frontiers

TXYF-formula is a Traditional Chinese classical prescription for clinical
treatment on D-IBS. The research hotspot is its effect on colonic abnormal
secretory via correlational ion channels, visceral sensitivity and colon
movement.

Innovations and breakthroughs

Previous clinical and experimental studies had only shown that TXYF-formula
can relieve diarrhea of patients with D-IBS. Its correlational effects might be
realized by influencing secretion of colon. However, the specific mechanism
and correlative ions are unclear. In this study, the mucosal stripping under
a microscope was used for tissue preparation. And short-circuit current
technology was applied to observe 5-HT-induced changes in current across ion
channels of colonic epithelium so as to reveal the prescription effect of TXYFformula ion transport in colon.

Applications

The key results of this study showed that TXYF-formula can regulate the
secretion of Cl- and HCO3- in colonic mucosa of D-IBS rats. And this may be
related to cystic fibrosis transmembrane conductance regulator (CFTR) Cl channel, Cl-/HCO3- exchanger, and Na+-HCO3- co-transporter (NBC) and Na+K+-2Cl- co-transporter (NKCC) co-transporters.
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Terminology

12

D-IBS, as a clinically common functional gastrointestinal disease, is closely
related to early adverse life events. It seriously affects patient’s quality of jobs and
lives. TXYF-formula can regulate the Cl- and HCO3- secretion of colonic mucosa
via CFTR Cl- channel, Cl-/HCO3- exchanger, NBC and NKCC co-transporters.

13

Peer-review

Well written, quite meticulous methodology, nicely executed study.
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Abstract
AIM
To clarify risk based upon segment length, diagnostic
histological findings, patient age and year of sur
veillance, duration of surveillance and gender.
METHODS
Patients registered with the United Kingdom Barrett’s
Oesophagus Registry from 9 United Kingdom centers
were included. The outcome measures were (1) deve
lopment of all grades of dysplasia; (2) development of
high-grade of dysplasia or adenocarcinoma; and (3)
development of adenocarcinoma. Prevalent cases and
subjects with < 1 year of follow-up were excluded.
The covariates examined were segment length,
previous biopsy findings, age at surveillance, duration of
surveillance, year of surveillance and gender.
RESULTS
One thousand and one hundred thirty six patients were
included (total 6474 patient-years). Fifty-four patients
developed adenocarcinoma (0.83% per annum), 70
developed high-grade dysplasia/adenocarcinoma
(1.1% per annum) and 190 developed any grade of
dysplasia (3.5% per annum). High grade dysplasia
and adenocarcinoma increased with age and duration
of surveillance. The risk of low-grade dysplasia deve
lopment was not dependent on age at surveillance.
Segment length and previous biopsy findings were also
significant factors for development of dysplasia and
adenocarcinoma.
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CONCLUSION
The risk of development of low-grade dysplasia is
independent of age at surveillance, but high-grade
dysplasia and adenocarcinoma were more commonly
found at older age. Segment length and previous
biopsy findings are also markers of risk. This study
did not demonstrate stabilisation of the metaplastic
segment with prolonged surveillance.
Key words: Dysplasia; Barrett’s esophagus; Esophageal
neoplasms; Public health; Epidemiology; Surveillance
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Current surveillance guidelines for Barrett’s
oesophagus base the enrolment into surveillance
and surveillance interval on segment length, presence
or absence of intestinal metaplasia and dysplasia.
This study demonstrates the importance of age as
an important risk factor for high-grade dysplasia and
adenocarcinoma development and that stabilisation
of the epithelium does not reliably occur at long-term
follow-up.
Gatenby P, Bhattacharjee S, Wall C, Caygill C, Watson A. Risk
stratification for malignant progression in Barrett’s esophagus:
Gender, age, duration and year of surveillance. World J
Gastroenterol 2016; 22(48): 10592-10600 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10592.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10592

INTRODUCTION
The incidence of adenocarcinoma in Barrett’s esophagus
[1-3]
has been estimated to be around 0.5% per annum
and 0.32% in patients without dysplasia at index
[4]
endoscopy . This would suggest a lifetime risk of
around 1:8 to 1:14 of developing adenocarcinoma and
1:5 to 1:6 of developing either high-grade dysplasia
[5]
or adenocarcinoma . A meta-analysis has shown a
trend for a decrease in incidence of adenocarcinoma to
be observed with time (which did not reach statistical
[3]
significance, P = 0.117) and in recent years large
[6-8]
population-based cohort studies
have demonstrated
lower adenocarcinoma incidence rates (0.22%, 0.43%
and 0.12% per annum respectively). We have observed
that the age at diagnosis of patients with Barrett’s
[9]
esophagus is falling and that the life expectancy of
those diagnosed with Barrett’s esophagus is increa
[5]
sing . The Danish pathology registry has demonstrated
in their cohort that the adenocarcinoma incidence in
[8]
Barrett’s increases with older age .
The currently accepted principal risk factors for
dysplasia and cancer development in Barrett’s oeso
phagus are presence/absence of intestinal metaplasia,
[10-12]
dysplasia and segment length
. These are the
factors on which guidance for surveillance intervals are
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determined.
These observations prompt examination of what the
time trends in cancer incidence in Barrett’s esophagus
are: Are the annual incidences of dysplasia and cancer
changing in the population with Barrett’s esophagus
undergoing surveillance? Does an individual’s risk
change over time dependent on the patient’s age at
the time of surveillance? Does the Barrett’s segment
stabilize with prolonged follow-up such that patients
might be reassured and discharged from further followup?
This study seeks to examine whether there is a
demonstrable change in incidence of dysplasia and
adenocarcinoma over time in patients undergoing
surveillance of Barrett’s esophagus who are registered
with the United Kingdom Barrett’s Oesophagus Registry
and which are the most important demographic,
histological and endoscopic features with regard to
dysplasia and cancer risk.

MATERIALS AND METHODS
One thousand one hundred and thirty six patients
who had been registered with the United Kingdom
Barrett’s Oesophagus Registry from 9 centers who
did not have prevalent adenocarcinoma (diagnosed
at index endoscopy or within one year of the index
endoscopy) and who had a minimum of one year of
follow-up were included in the study cohort. The three
outcome measures were (1) development of any
grade of dysplasia; (2) development of high-grade
dysplasia or adenocarcinoma; and (3) development
of adenocarcinoma. Follow-up time commenced at
the diagnostic biopsy and was censored at the first
biopsy reported as demonstrating the histological
outcome or, when this was not attained, the final
surveillance endoscopy and biopsy. The influence of 7
factors was then considered to provide further clarity
as to an individual’s risk of development of dysplasia
and cancer. These were: (1) date (year) at which sur
veillance biopsies were undertaken; (2) age of the
patient at which surveillance endoscopy and biopsy
were undertaken; (3) length of time during which the
patient had been undergoing surveillance; (4) patient
gender; (5) segment length; (6) histological findings
at the most recent (previous) endoscopy; and (7)
histological findings at first and second endoscopies
(in keeping with national guidelines on enrolment into
[10-12]
surveillance programmes
).
Classification of histological results were: columnarlined oesophagus without intestinal metaplasia,
columnar-lined oesophagus with intestinal metaplasia,
indefinite changes for dysplasia, low-grade dysplasia,
high-grade dysplasia and adenocarcinoma.
The associations of dysplasia/adenocarcinoma
risk with age at surveillance, year of surveillance and
duration of surveillance were examined.
The associations between these factors and risk of
development of dysplasia or cancer were examined
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Table 1 Annual incidence of adenocarcinoma and dysplasia dependent on year of surveillance
Calendar years Total patient-years
follow-up
1974-1989
1990-1994
1995-1999
2000-2004
2005Total

237
753
1950
2058
1477
6474

Adenocarcinoma

High-grade dysplasia and
adenocarcinoma

Number of cases Annual incidence
0
0.00%
1
0.13%
19
0.97%
15
0.73%
19
1.29%
54
0.83%

using binary logistic regression. The model was modified
to exclude factors which did not reach statistical
significance with removal of factors which showed no
association with dysplasia or cancer risk. Due to the
co-linearity of age, surveillance duration and year of
surveillance, only the most closely-associated of these
three variables was included in the final analyses.
Segment length data were available for 92.4%
of cases and the analyses were repeated with the
exclusion of segment length. Segment length was
examined as a continuous variable and when separated
into three similarly sized and clinically relevant groups:
short segment (< 3 cm), 3-5 cm and > 5 cm.

Ethical permission

Approval for studies of this kind conducted by UKBOR
was given by the London Multi-Centre Research Ethics
th
Committee on 14 March 2002 number MREC/02/2/5.

Statistical analysis

Incidence calculations were undertaken using a
patient-years at risk method and expressed as an
annual percentage (cases per one hundred patientyears follow-up) and 95%CI were evaluated using
an exact Poisson distribution. Logistic regression to
ascertain the magnitude of the effect of the covariates
was undertaken. P values < 0.05 were taken to be
statistically significant.

RESULTS
The 1136 patients who fulfilled the criteria for inclusion
in the study cohort comprised 783 males and 353
females diagnosed between 1974 and 2009. The
mean age at diagnosis was 59.8 years, mean followup was 5.70 years and total follow-up was 6474
patient-years. The mean age at surveillance was 62.3
years, with a small trend for this to rise in males (60
in the 1990s, 61 in 2000-2004 and 62 from 2005
onwards), but no change in females (mean age at
surveillance 65). During the follow-up period 54
patients developed adenocarcinoma, 70 developed
either high-grade dysplasia or adenocarcinoma and
190 developed changes of any grade of dysplasia or
cancer. The overall annual incidence of development of
adenocarcinoma was 0.83% per annum, of high-grade
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Number of cases
0
1
21
23
25
70

Annual incidence
0.00%
0.13%
1.09%
1.12%
1.17%
1.09%

All grades of dysplasia and
adenocarcinoma
Number of cases
1
9
76
60
44
190

Annual incidence
0.46%
1.33%
4.70%
3.63%
3.66%
3.54%

dysplasia or adenocarcinoma, 1.1% per annum and of
all grades of dysplasia and adenocarcinoma, 3.5% per
annum.

Time trends for population during the cohort

During the first 15 years of the cohort from 1974-1989
only a small number of patients (76) were diagnosed
and underwent surveillance, hence these patients
have been grouped together; thereafter, dysplasia
and adenocarcinoma incidence were examined over
consecutive 5 year periods (Table 1).

Risk with year of surveillance

These data demonstrate that there was no clear trend
for the incidence of either dysplasia or adenocarcino
ma to fall appreciably during the study period (as
examined by year of surveillance). The mean age
at surveillance remained constant throughout the
cohort; however there was an increased proportion of
males in the latter portion of the cohort. When males
and females were examined separately, there was
no demonstrable change in the incidence of either
adenocarcinoma or high-grade dysplasia for females
with year of surveillance and a trend for a slight
increase in adenocarcinoma incidence with later year
of surveillance for males. The adenocarcinoma and
high-grade dysplasia incidences were similar in males
and females, but slightly lower in females. These
results are depicted graphically in Figures 1 and 2.

Risk with age at surveillance

Table 2 and Figures 3 and 4 show the effect of age
at surveillance on the detection of dysplasia and
adenocarcinoma. This demonstrates a trend for
an increasing risk of dysplasia detection as age at
surveillance increases. When males and females were
analysed separately, there was a trend for higher
rates of dysplasia and adenocarcinoma incidence in
males compared to females for specific decade of
age at surveillance, but overall similar rates due to
females being older than males at surveillance (40%
of surveillance of females within the cohort occurring
at age > 70, compared to 25% for males).

Risk with duration of surveillance

The results of the analysis which examined whether the
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0.040000
0.020000

+

9

80

9

-7
70

-6

-5

<

9

0.000000

40

2005-

2000-2004

1995-1999

0.000000

1990-1994

0.010000

0.060000

60

0.020000

0.080000

9

0.030000

0.100000

50

0.040000

0.120000

-4

0.050000

Outcome
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma

40

0.060000

Maximum (high estimate for incidence),
minimum (low estimate for incidence),
mean (mean incidence)

Outcome
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma

1974-1989

Maximum (high estimate for incidence),
minimum (low estimate for incidence),
mean (mean incidence)
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Patient group

Patient group

Figure 3 Annual incidence of adenocarcinoma and dysplasia dependent
on age at surveillance.

Figure 1 Annual incidence of adenocarcinoma and dysplasia dependent
on calendar year of surveillance.

Outcome measure
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma

Outcome measure
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma
Year of surveillance
Female

Male

Incidence (cases/Pt-year)

Incidence (cases/Pt-year)

0.08000000

0.20000000

0.06000000

0.04000000

0.02000000

Age of surveillance
Female

Male

0.15000000

0.10000000

0.05000000

Figure 4 Annual incidence of adenocarcinoma and dysplasia dependent
on age at surveillance and gender.

Figure 2 Annual incidence of adenocarcinoma and dysplasia dependent
on calendar year of surveillance and gender.

Logistic regression analyses

risk of development of dysplasia and adenocarcinoma
remains constant during the course of an individual
patient’s surveillance are shown in Table 3 and Figures
5 and 6. These demonstrate that there is a trend for
increasing risk of development of high-grade dysplasia
and adenocarcinoma with increasing duration of
surveillance, but not of development of low-grade
dysplasia. When males and females were analyzed
separately, there did not appear to be a significant
effect of gender on the results.
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<
4
40 0
-4
50 9
-5
60 9
-6
70 9
-7
9
80
+

<
4
40 0
-4
50 9
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60 9
-6
70 9
-7
9
80
+

2005-

2000-2004

1995-1999

1990-1994

1974-1989

2005-

2000-2004

1995-1999

1990-1994

1974-1989

0.00000000
0.00000000

Initially all 7 variables were included in the logistic
regression analyses. Gender was excluded as there
was no association with the outcome measures and
year at surveillance and duration of surveillance were
also excluded as the association between the outcome
variables was strongest with age at surveillance. For
the outcome variables of high-grade dysplasia and
adenocarcinoma: the final model showed that the
statistically significantly associated factors were age at
surveillance, segment length and previous histological
biopsy grading. For the development of all grades of
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Table 2 Annual incidence of adenocarcinoma and dysplasia dependent on age at surveillance
Age at surveillance

Total patient-years
follow-up

< 40
40-49
50-59
60-69
70-79
80+
Total

236
740
1602
2154
1464
278
6474

Adenocarcinoma

High-grade dysplasia and
adenocarcinoma

Number of cases Annual incidence
0
0.00%
0
0.00%
6
0.37%
15
0.70%
20
1.37%
13
4.67%
54
0.83%

Number of cases
1
2
9
20
26
12
70

All grades of dysplasia and
adenocarcinoma

Annual incidence Number of cases Annual incidence
0.42%
4
1.89%
0.27%
15
2.30%
0.56%
39
2.82%
0.94%
63
3.66%
1.81%
52
4.49%
4.34%
17
7.18%
1.09%
190
3.54%

Table 3 Annual incidence of adenocarcinoma and dysplasia dependent on duration of surveillance
Duration of
surveillance (yr)

Total patientyears follow-up

High-grade dysplasia and
adenocarcinoma

Number of cases Annual incidence
14
0.76%
9
0.73%
20
1.26%
11
1.65%

1848
1235
1587
668

Number of cases
19
11
27
13

All grades of dysplasia and
adenocarcinoma

Annual incidence
1.04%
0.90%
1.72%
1.96%

Outcome
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma

Number of cases
72
41
54
23

Annual incidence
4.47%
4.02%
4.47%
4.52%

Outcome measure
All grades of dysplasia and
adenocarcinoma
High-grade dysplasia and
adenocarcinoma
Adenocarcinoma
0.10000000

0.060000

Duration of surveillance
Female

Male

0.08000000
Incidence (cases/Pt-year)

Maximum (high estimate for incidence),
minimum (low estimate for incidence),
mean (mean incidence)

1-2
3-4
5-9
10+

Adenocarcinoma

0.040000

0.020000

0.000000

1-2

3-4

5-9

10+

0.06000000

0.04000000

0.02000000

Patient group
0.00000000

Figure 5 Annual incidence of adenocarcinoma and dysplasia dependent
on duration of surveillance.

Figure 6 Annual incidence of adenocarcinoma and dysplasia dependent
on duration of surveillance and gender.

dysplasia and cancer: segment length and the findings
at the first two biopsies reached statistical significance.
These results are shown in Table 4.

DISCUSSION
These results demonstrate that there was no clear
evidence of any change in overall adenocarcinoma or
dysplasia incidence throughout the cohort period nor
for the risk of development of all grades of dysplasia
to change with increasing duration of follow-up. The
risk of development of high-grade dysplasia and
adenocarcinoma tended to increase with increased
duration of surveillance, but more strikingly: there was
a relationship between older age at surveillance and
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< 1 1-2 3-4 5-9 10+ < 1 1-2 3-4 5-9 10+

higher rate of detection of high-grade dysplasia and
adenocarcinoma.
These observations demonstrate that the metaplastic
segment does not remain stable with prolonged followup: the rate of development of all grades of dysplasia
remained around 3.5% per annum and there was a
trend for increased risk of high-grade dysplasia and
adenocarcinoma development at increased duration of
[7]
follow-up in common with the Dutch cohort .
From the logistic regression, the most significant
time-dependent factor is age at surveillance (with
increasing risks of development of high-grade dysplasia
or cancer at older age).
Subsequently, this analysis has not demonstrated
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Table 4 Logistic regression results
Factor

Development of all grades of dysplasia and
cancer

Development of high-grade dysplasia or
cancer

Development of cancer

P = 0.187
P = 0.043

P = 0.400
P = 0.121
P = 0.058

P = 0.034
P = 0.129
P = 0.047

Age
Segment length
Most recent biopsy results
First two biopsy results

P < 0.001

that after a prolonged period of stability there are
patients who might be safely discharged from sur
veillance.
This observation would suggest that younger
patients could undergo less intensive surveillance
than older patients (with respect to development of
high-grade dysplasia or adenocarcinoma), however
younger patients potentially have longer periods of
exposure to the risk of developing these changes
[13]
and conceivably an increased lifetime risk . These
observations parallel those on esophageal cancer
[14]
incidence in the United Kingdom population . We
have also observed that the average age at diagnosis
[9]
of Barrett’s esophagus is falling , which, whilst this
may subsequently result in a reduction in the annual
incidence of adenocarcinoma for the surveillance
cohort overall, it will not result in any risk reduction for
[5]
an individual patient .
Overall, females and males had similar risk of
development of dysplasia and cancer in this cohort,
however it is likely that this is in part due to the larger
proportion of females undergoing surveillance at
older age compared to males and that the risk for
females when age-matched is lower than in males.
Similar results were shown in the Dutch national
[7]
cohort . With higher life expectancy for females, this
is an important consideration and this study does not
provide data to support the suggestion that females
might be safely discharged from surveillance. The
Dutch cohort also confirmed the high cancer risk in
[7]
older females . Different proportions of older patients
undergoing surveillance may explain some of the
variability seen in the incidence of high-grade dysplasia
and adenocarcinoma in published studies.
The risk for any individual patient will depend on
a number of factors, some of which are modifiable
[15]
and others which cannot be modified . Caucasian
[16]
[6,8,17]
ethnic origin , male gender
, older age at
[8,18,19]
[3,17,20,21]
diagnosis
, longer Barrett’s segment length
[6,8,20,22]
and the presence of dysplasia at diagnosis
have
each been reported to be markers of higher malignant
risk determined at the time of diagnosis. Longer duration
of surveillance was also associated with increased
cancer risk, but without separately examining the age
[20]
at which surveillance was undertaken . The role of
[1,6,23-26]
intestinal metaplasia remains controversial
.
[17,27,28]
[29-35]
Obesity
, optimal reflux control
, diet (poor
[17,36,37]
intake of fruit, vegetables and anti-oxidants)
,
[17,28,38,39]
smoking
and medication use (particularly
[40]
[41-43]
aspirin , non-steroidal anti-inflammatory drugs
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[40,44-46]

and statins
) will influence an individual’s risk
at the time of diagnosis and subsequently. These
modifiable factors should be addressed by public health
programs and medical care. Additionally, absence of
Helicobacter Pylori infection has been associated with
higher prevalence of Barrett’s esophagus and dysplasia
than in subjects who have had Helicobacter Pylori
[47]
infection . It seems likely that much of the fate of the
metaplastic segment is determined prior to the time
of diagnosis. Once diagnosed, reflux control, smoking,
medication use, diet and control of obesity may be
managed, but unless the potentially malignant tissue
is either completely resected or ablated, cancer risk in
this tissue remains.
Encouraging data on the role of endoscopic ablation
of the metaplastic segment have now been published,
however long-term follow-up with respect to cancer
[48-50]
development is awaited
.
Unfortunately, the incidence of Barrett’s esopha
[51-55]
[56-58]
gus
and esophageal adenocarcinoma
are
increasing and without improved strategies to reduce
the risk of cancer development within the population
at risk and the size of this population, the number
of cases of esophageal adenocarcinoma is likely to
[13]
continue to rise .
The results of this study demonstrate that age
at surveillance is an important factor for high-grade
dysplasia and adenocarcinoma development and
should be incorporated (with segment length and
previous biopsy findings) into risk assessment in
Barrett’s oesophagus surveillance.
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Abstract
AIM
To clarify the association of malignancy with mesenteric
panniculitis-like changes on computed tomography
(CT).
METHODS
All abdominal CT scans performed at NorthShore
University HealthSystem showing mesenteric panniculitis
from January 2005 to August 2010 were identified in
the Radnet (RadNet Corporation, Los Angeles, CA)
database. Patients with a new or known diagnosis of a
malignancy were included for this analysis. Longitudinal
clinical histories were obtained from electronic medical
records.
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RESULTS
In total, 147794 abdominal CT scans were performed
during the study period. Three hundred and fiftynine patients had mesenteric panniculitis (MP)-like
abnormalities on their abdominal CT. Of these patients,
81 patients (22.6%) had a known history of cancer at
the time of their CT scan. Nineteen (5.3%) had a new
diagnosis of cancer in concurrence with their CT, but
the majority of these (14/19, 74%) were undergoing
CT as part of a malignancy evaluation. Lymphomas
were the most common cancers associated with MPlike findings on CT (36 cases, 36%), with follicular
lymphoma being the most frequent subtype (17/36).
A variety of solid tumors, most commonly prostate (7)
and renal cell cancers (6) also were seen. CT follow up
was obtained in 56 patients. Findings in the mesentery
were unchanged in 45 (80%), worsened in 6 (11%),
and improved in 5 patients (9%). Positron emission
tomography (PET) scans performed in 44 patients only
showed a positive uptake in the mesenteric mass in 2
patients (5%).
CONCLUSION
A new diagnosis of cancer is uncommon in patients
with CT findings suggestive of MP. MP-like mesenteric
abnormalities on CT generally remain stable in patients
with associated malignancies. PET scanning is not
recommended in the evaluation of patients with
mesenteric panniculitis-like findings on CT.
Key words: Panniculitis; Peritoneal; X ray; Neoplasms;
Computed tomography; Small intestine; Misty mesentery;
Lymphoma; Tomography; Positron emission tomography
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The most important question when a
patient has new mesenteric panniculitis - like findings
on abdominal computed tomography (CT) scan is
the likelihood that a malignancy is present. Based
on our study, a first diagnosis of cancer occurs in
approximately 5% and is unexpected diagnosis in
1.4% of these patients. Lymphomas are the most
likely malignancies. A careful clinical evaluation for
lymphoma as well as solid tumors is advised. Follow up
is also important, as an additional 5% of patients will
eventually be diagnosed with a malignancy. In patients
with a malignancy, CT findings are likely to remain
stable, and positron emission tomography scanning is
not advised.
Ehrenpreis ED, Roginsky G, Gore RM. Clinical significance
of mesenteric panniculitis-like abnormalities on abdominal
computerized tomography in patients with malignant neoplasms.
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INTRODUCTION
The computed tomography (CT) finding of mesenteric
panniculitis (MP) (defined as a “misty” or “hazy”
mesentery and/or an unexplained mesenteric mass), is
uncommon. When truly defined by mesenteric biopsy,
MP is a rare disease characterized by unexplained
[1-3]
inflammation of the mesentery . A variety of con
ditions are associated with MP including abdominal
[4]
[5,6]
trauma , lymphoma and other neoplasms
and
[7-9]
autoimmune diseases
. Infectious associations
[10]
[11]
with MP include mycobacterial
and cryptococcal
[12]
infections and cholera . In some patients, especially
those having an acute presentation of the disease, a
[13]
viral mesenteritis is likely. Fever of unknown origin
and chylous ascites have also been described in
patients with MP. CT imaging of the abdomen in these
patients demonstrates a mass of the mesentery,
characterized by fat enhancement and multiple soft
tissue nodules along the root of the small bowel
without vascular compromise; these are distinguishing
radiographic features of MP. Histologically, MP is
characterized by chronic inflammation, fat necrosis
and fibrosis within the connective tissue of the
[14-16]
mesentery
.
CT findings suggestive of MP can be concurrent
[3]
with a previously unidentified underlying malignancy .
Other patients with a known diagnosis of cancer
will develop new mesenteric abnormalities on CT,
raising the specter of mesenteric metastasis. The
development of MP on CT imaging currently has an
unclear influence on the natural history of cancer in
these patients. The types of cancer likely to occur in
the setting of MP also requires further exploration. We
herein describe a group of patients with the CT finding
of MP and the diagnosis of malignancy, in an attempt
to clarify the clinical significance of the simultaneous
presence of these two conditions in the same patient.

MATERIALS AND METHODS
A query of the, Radnet database (RadNet Corporation,
Los Angeles, CA, United States) of the NorthShore
University HealthSystem, (comprised of 4 hospitals
in the Northern suburbs of Chicago, Illinois, United
States) was performed. The terms used in the query
were “mesenteric panniculitis” or “misty mesentery”.
All charts of patients with these radiographic findings
st
th
between January 1 2005 and April 30 2010 were
reviewed. Some of these patients have been previously
3
described . Only patients that were undergoing a CT
for follow up of a known cancer and patients with a new
cancer diagnosed after the finding of the mesenteric
abnormality were included in this analysis. Findings
of follow up CT scans were evaluated. Results of
mesenteric biopsies and positron emission tomography
(PET) scanning were also noted.
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Table 1 Cancer types in patients with computed tomography
findings of mesenteric panniculitis
Total patients

Table 3 Cancer subtypes in 81 patients with known malig
nancy and mesenteric panniculitis-like findings on computed
tomography n (%)

n = 100

Lymphomas
Follicular
Diffuse large B cell
Small lymphocytic
Mantle cell
T cell
Other (Burkitt, Hodgkin, Marginal zone B cell)
Solid tumors
Prostate
Renal cell
Lung
Chronic lymphocytic leukemia
Bladder
Endometrial
Breast
Colon
Rectal
Other

Cancer subtype

n = 36
17
9
3
2
2
3
n = 64
7
6
6
5
5
5
4
3
3
20

Table 2 Cancer subtypes in 19 patients with new malignancy
and mesenteric panniculitis
6
2
2
1
1
1
1
1
1
1
1
1

Follicular lymphoma
T cell lymphoma
Endometrial cancer
Acute myeloid leukemia
Diffuse large B cell lymphoma
Waldenstrom's macroglobulinemia
Esophageal cancer
Small cell lung cancer
Lung adenocarcinoma, with diffuse metastases
Intraductal papillary mucinous neoplasm
Bladder cancer
Melanoma, metastases to small bowel

27 (33)
11 (41)
6 (30)
3 (11)
2 (7)
3 (11)
45 (67)
7 (9)
6 (7)
5 (6)
5 (6)
4 (5)
4 (5)
3 (4)
3 (4)
3 (4)
2 (3)
2 (3)
10 (12) total

IPMN: Intraductal papillary mucinous neoplasm.

RESULTS
In total, 147794 CT scans reviewed. Within this group,
there were 359 patients with MP-like CT abnormalities.
Of these patients 19 (5.3%) had a new diagnosis of
cancer. Eighty-one patients (22.6%) had a known
previous history of cancer. Lymphomas were the most
common cancers associated with MP (36 patients,
36%). Follicular lymphoma was the most common
lymphoma subtype and was found in 17 patients. A
variety of solid tumors were found, the most common
being prostate (7), lung, and renal cell cancer (6). For
additional details of these findings, see Table 1. Tables
2 and 3 show the distribution of cancers in patients
with a new diagnosis and a known diagnosis of cancer
at the time of their CT scan, respectively. Figures
1-3 show representative examples of CT imaging in
patients with lymphoma and MP-like findings.
Fourteen of the 19 patients with newly diagnosed
cancers were undergoing abdominal CT scanning
as part of a malignancy workup. The remaining five
patients with newly diagnosed cancers underwent
abdominal CT scanning for unexplained abdominal
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Number of patients

Lymphomas
Follicular
Diffuse large B cell
Small lymphocytic lymphoma
Mantle cell
Burkitt’s, Hodgkin’s, marginal zone B cell
Solid tumors
Prostate
Renal cell
Chronic lymphocytic leukemia
Lung
Bladder
Breast
Colon
Endometrial
Rectal
Pancreatic
Myelodysplasia
Other - gallbladder, ampullary, chronic
myeloid leukemia, gastric, glioma, IPMN,
salivary gland adenocarcinoma, small bowel
carcinoid, neuroendocrine tumor

pain or other systemic symptoms.
The majority of the patients with a known history
of malignancy underwent CT scanning for staging and
tumor follow up (67/81, 83%).
Follow up CT scans were performed in 56 patients.
No change in mesenteric abnormalities was seen
in the majority of these, (45 patients, 80%). An
increase in size of the mesenteric abnormality was
seen in 6 patients (11%), and a decrease in size of
the mesenteric abnormality was seen in 5 patients on
follow up (9%). Figures 4 and 5 show follow up CT
scans in patients with non-Hodgkins lymphoma.
Forty-four patients underwent PET scans. Only 2
(5%) of these patients, both with stage IV-B diffuse
large B cell lymphoma, had positive uptake in the
mesenteric mass. Both of these patients had resolution
of this finding on repeat PET scan following treatment.
CT and PET findings are shown in two patients with
non-Hodgkins lymphoma in Figures 6 and 7.
Five patients underwent a mesenteric biopsy. Four
patients had biopsies of mesenteric lymph nodes,
all showing lymphoma (two with diffuse large B-cell
lymphoma and two with follicular lymphoma). One
patient had a biopsy of a mesenteric mass that showed
fibrosis and benign mesothelial cells, consistent with
mesenteric panniculitis.

DISCUSSION
Biopsy-proven MP is an autoimmune disease, cha
racterized by the histologic findings of fat necrosis
and chronic inflammatory infiltrates of the mesentery.
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A

B

Figure 2 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma.
Axial computed tomography scan shows synchronous mesenteric panniculitis
(yellow arrows), manifested by fat separating the mesenteric vessels, and
mesenteric adenopathy (red arrows).

C

Figure 3 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma.
Axial computed tomography image shows synchronous mesenteric adenopathy
(red arrows) and mesenteric adenopathy (yellow arrows).

D

Figure 1 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma.
A: Axial computed tomography (CT) scan at the level of the inferior aspect of
the kidneys shows extensive mesenteric adenopathy (red arrows); B: Axial CT
image obtained more caudally, at the level of the iliac crest reveals mesenteric
adenopathy (red arrows) and synchronous mesenteric panniculitis (yellow
arrows) characterized by hazy mesenteric fat and separation of the mesenteric
vessels; C: Coronal reformatted CT image demonstrates the extensive
mesenteric adenopathy (red arrows); D: Coronal reformatted CT image, take
dorsal to (C) depicts synchronous mesenteric adenopathy (red arrows) and
mesenteric panniculitis (yellow arrows).

WJG|www.wjgnet.com

Figure 4 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma
(same patient as Figures 3 and 7) following chemotherapy. Axial computed
tomography image shows almost complete resolution of the mesenteric
adenopathy (red arrow) but persistent mesenteric panniculitis (yellow arrows).

However, the diagnosis of MP is often made empirically
based on characteristic radiographic findings, and
not all patients with these findings will require a
biopsy. It is imperative to fully characterize the clinical
significance of MP-like findings on abdominal CT.
The risk for the presence of malignancy, in patients
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A

B

C

D

Figure 5 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma. Positron emission tomography-computed tomography (PET-CT) scan following
chemotherapy (same patient as Figures 3, 4 and 7). Computed tomography (CT) image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D)
demonstrates almost complete resolution of the mesenteric adenopathy (red arrow) with no fludeoxyglucose uptake in the portion of mesentery involved by mesenteric
panniculitis (yellow arrows). The disseminated adenopathy seen in Figure 5D has almost completely resolved.

A

B

C

D

Figure 6 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma (same patient as Figure 2). Positron emission tomography-computed tomography
(PET-CT) scan. CT image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D) shows abnormal fludeoxyglucose uptake in the mesenteric
lymph nodes containing tumor (red arrows) but not in the portion of mesentery involved by mesenteric panniculitis (yellow arrows).
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A

B

C

D

Figure 7 Mesenteric panniculitis in a patient with non-Hodgkin lymphoma (same patient as Figure 3). Positron emission tomography-computed tomography
(PET-CT) scan. Computed tomography image (A), PET image (B), fused PET-CT image (C), and whole body PET image (D) shows abnormal fludeoxyglucose (FDG)
uptake in the mesenteric lymph nodes containing tumor (red arrows) but not in the portion of mesentery involved by mesenteric panniculitis (yellow arrows). Notice the
innumerable regions of abnormal FDG uptake (black regions in D) corresponding to the patient’s disseminated adenopathy.

having MP-like abnormalities on abdominal CT creates
great concern for patients and clinicians alike. Prior
studies that have suggested the finding of MP-like
abnormalities on abdominal CT are associated with a
very high risk of malignancy that ranges between 30
and 63%. Our study on the other hand shows a much
lower rate of 5.3% of new cancers associated with the
currents of the CT findings. In fact, our data suggests
that only five of the total of 359 patients having
MP -like abnormalities on abdominal CT were not
suspected of having cancer at the time performance
of the examination. This would suggest that the rate
of completely new cancers found in the setting of MPlike mesenteric abnormalities on abdominal CT scan
is only 1.4%. The discrepancy between the high rate
of cancer associated with MP-like abnormalities in
previous studies and the very low rate in our study
may be explained in part by the inclusion of patients
with known malignancy in prior studies that calculated
the rate of association of these two conditions. In our
study, if all patients with known and newly suspected
cancers are included, 100 of the 359 number of
patients with MP-like abnormalities on abdominal CT
(or 28% of the total group) had an associated cancer.
In our view, the most important question to the
clinician having a patient with new MP -like findings on
abdominal CT is the likelihood that a further evaluation
will reveal the presence of malignancy. Based on
these data, the likelihood that a cancer is initially

WJG|www.wjgnet.com

present is approximately 5% and is a new diagnosis
in 1.4%. Newly diagnosed malignancies in association
with the CT findings are likely to be lymphomas, and
careful clinical evaluation for lymphoma and some
of the associated solid tumors found in our study is
advised. Follow up is also important as an additional
5% of patients will eventually be diagnosed with a
[17]
malignancy .
Most studies and reviews on MP recommend follow[18-21]
up evaluation with abdominal imaging
. Our data
also suggests that at least in patients with a malignancy,
mesenteric findings are likely to remain stable.
Mesenteric uptake of fludeoxyglucose (FDG) during
PET scanning within the thickened area of mesentery is
rare, and was only seen in 5% of patients undergoing
PET in our study. These findings are consistent with
[22]
our prior observation in a case report . On the other
[23]
hand, Zissin et al
suggested that the addition of
PET to CT scanning may help to differentiate between
inflammatory and neoplastic forms of mesenteric
thickening. Our data suggest that PET will not be
useful to distinguish an inflammatory mesenteric mass
due to MP from a malignant mesenteric mass, or rule
out the possibility that a patient has a neoplasm. In
fact, our data appears to demonstrate that the MPlike mesenteric abnormality that occurs in patients
with malignancy may in fact be an epiphenomenon
of the underlying neoplasm. Because most patients
with malignancy demonstrate little change in this
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mesenteric abnormality on follow up CT, MP-like
findings appear to have little influence on the natural
history of neoplastic disease. As noted by prior
authors, MP may in fact represent a paraneoplastic
[6]
process .
Since this was a retrospective study, evaluation
including the performance of follow up CT was variable
and not controlled. In addition, although our radiology
practice has agreed to use the terms “misty mesentery”
and “mesenteric panniculitis” when describing an MPlike finding on abdominal CT scanning, it is feasible
but some cases in which the aforementioned terms
were not used in the radiology reports could have
been missed. Since the vast majority of the patients
in our practice with MP did not receive a biopsy of
the mesenteric mass, this study does not reveal
whether these abnormalities represent inflammation or
neoplastic extension.
In conclusion, our study shows that a new and
unexpected diagnosis of malignancy is rare in patients
with MP-like abnormalities on CT scan. These CT
findings generally remain stable in patients with known
malignancies, and appear to represent a paraneoplastic
process. PET scanning does not appear to have a role
in assisting with the further characterization of MP-like
findings in the mesentery.
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Abstract
AIM
To evaluate the safety and efficacy of a modified
cyanoacrylate [N-butyl-2-cyanoacrylate associated with
methacryloxysulfolane (NBCA + MS)] to treat nonvariceal upper gastrointestinal bleeding (NV-UGIB).
METHODS
In our retrospective study we took into account 579
out of 1177 patients receiving endoscopic treatment
for NV-UGIB admitted to our institution from 2008 to
2015; the remaining 598 patients were treated with
other treatments. Initial hemostasis was not achieved
in 45 of 579 patients; early rebleeding occurred in 12
of 579 patients. Thirty-three patients were treated with
modified cyanoacrylate: 27 patients had duodenal,
gastric or anastomotic ulcers, 3 had post-mucosectomy
bleeding, 2 had Dieulafoy’s lesions, and 1 had duodenal
diverticular bleeding.
RESULTS
Of the 45 patients treated endoscopically without initial
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hemostasis or with early rebleeding, 33 (76.7%) were
treated with modified cyanoacrylate glue, 16 (37.2%)
underwent surgery, and 3 (7.0%) were treated with
selective transarterial embolization. The mean age of
patients treated with NBCA + MS (23 males and 10
females) was 74.5 years. Modified cyanoacrylate was
used in 24 patients during the first endoscopy and in 9
patients experiencing rebleeding. Overall, hemostasis
was achieved in 26 of 33 patients (78.8%): 19 out of
24 (79.2%) during the first endoscopy and in 7 out of 9
(77.8%) among early rebleeders. Two patients (22.2%)
not responding to cyanoacrylate treatment were treated
with surgery or transarterial embolization. One patient
had early rebleeding after treatment with cyanoacrylate.
No late rebleeding during the follow-up or complications
related to the glue injection were recorded.
CONCLUSION
Modified cyanoacrylate solved definitively NV-UGIB
after failure of conventional treatment. Some reported
life-threatening adverse events with other formulations,
advise to use it as last option.
Key words: Rescue treatment; Glubran; Non-variceal
upper gastrointestinal bleeding; Endoscopic treatment;
Cyanoacrylate
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Endoscopic hemostasis methods are very
effective for managing non-variceal upper gastro
intestinal bleeding (NV-UGIB), but an early rebleeding
rate of approximately 10% reduces the success of
initial hemostasis. A modified cyanoacrylate (NBCA +
MS) glue used for variceal bleeding has occasionally
also been used to treat NV-UGIB. In our 7 years of
experience, 33 patients were treated with NBCA +
MS after conventional treatment modalities failed.
Hemostasis was achieved in approximately 80% of
these patients. Modified cyanoacrylate effectively
treated NV-UGIB after the failure of conventional
treatment modalities.
Grassia R, Capone P, Iiritano E, Vjero K, Cereatti F, Martinotti M,
Rozzi G, Buffoli F. Non-variceal upper gastrointestinal bleeding:
rescue treatment with a modified cyanoacrylate. World J
Gastroenterol 2016; 22(48): 10609-10616 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10609.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10609

INTRODUCTION
Acute upper gastrointestinal bleeding is the most com
mon, potentially life-threatening emergency occurring
[1]
in gastroenterology departments . The condition has
an incidence ranging from approximately 50 to 150 per
100000 of the population each year, and the incidence
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is the highest in areas of the lowest socioeconomic
[1]
status .
In the United States, acute upper gastrointestinal
bleeding causes more than 300000 hospital admissions
with an annual incidence of hospitalization equal to
[2]
1 per 1000 people and a mortality rate of approxi
[3]
mately 10% . From a socioeconomic point of view,
treating and preventing upper gastrointestinal bleeding
[4]
costs many billions of dollars per year . Despite the
introduction of endoscopic therapies that reduce the
rebleeding rate, the mortality rate has only slightly
decreased over the last 30 years. This phenomenon
is attributed to the increasing occurrence of upper
gastrointestinal bleeding in the elderly. This group has
a worse prognosis than others because of their greater
use of antiplatelet medications or anticoagulants and
[5,6]
their frequent comorbidities .
Mortality has been reported to be lower in specialist
[7]
units . This difference is more likely to be due to
adherence to protocols and guidelines than to technical
developments.
Upper gastrointestinal bleeding can be caused by a
wide variety of medical conditions. Peptic ulcers have
been reported to be the cause of approximately 50% of
upper gastrointestinal bleeding cases, whereas Mallory[8]
Weiss tears account for 5%-15% of cases . Esophageal
varices are a common source of upper gastrointestinal
bleeding, especially in patients with liver dysfunction
and chronic alcoholism. Less frequent causes of upper
gastrointestinal bleeding include erosive duodenitis,
neoplasms, aortoenteric fistulas, vascular lesions,
[9]
Dieulafoy’s ulcers and prolapse gastropathy .
[10]
In our country, the large “Prometeostudy”
of
patients with upper gastrointestinal bleeding recently
showed that peptic lesions were the main cause of
bleeding (duodenal ulcer 36.2%, gastric ulcer 29.6%,
gastric/duodenal erosion 10.9%). Comorbidities
were present in 83% and 52.4% of patients treated
with acetyl salicylic acid or other non-steroidal antiinflammatory drugs (NSAIDs), respectively, and
13.3% of patients had experienced previous episodes
of upper gastrointestinal bleeding. Early rebleeding
was observed in 5.4% of patients, and surgery was
required in 14.3%. Bleeding-related death occurred in
4.0% of patients.
Endoscopic therapy is typically considered based on
the characteristics and the classification of a bleeding
ulcer. The Forrest classification is commonly used
[11]
in Europe and Asia to describe bleeding lesions .
Stigmata can be used to predict the risk of further
[12,13]
bleeding and the need for therapeutic intervention
.
Approximately 80% of upper gastrointestinal bleed
[11]
ing episodes appear to stop bleeding spontaneously ;
the approximately 20% of episodes remaining either
[14]
continue to bleed or will rebleed . The recurrence
of gastrointestinal hemorrhage is associated with an
increased mortality rate, a greater need for surgery
and blood transfusions, a prolonged hospital stay, and
[15]
increased overall healthcare costs .
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NV-UGIB
Other treatments

1177
Endoscopic treatment

598

Successful

579

534

Total failure
45

9
Surg./TAE

Early rebleeding
12
NBCA + MS during
st
1 endoscopy
24

3

NBCA + MS
Failure

9

2
Surg./TAE

19
Successful

5

7
Successful

Failure

Total NBCA + MS
33
26

7
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Figure 1 Treated patient results: successes and failures. NV-UGIB: non-variceal upper gastrointestinal bleeding; NBCA + MS: N-butyl-2-cyanoacrylate associated
with methacryloxysulfolane; TAE: transarterial embolization.

Endoscopy within the first 24 h is considered the
standard of care for the management of upper gastroin
[15]
testinal bleeding .
Endoscopic therapy can be performed by a variety
of methods, such as thermal coagulation, sclerotherapy,
laser excision, and clip placement. All types of endo
scopic therapy are generally considered equivalent, and
a combination of methods is superior to an individual
[15]
therapy .
Among the treatments that can be used during
endoscopic treatment, cyanoacrylate glues have several
advantages: they can be easily and rapidly applied,
they are relatively painless, and they eliminate the need
[16]
for suture removal .
Cyanoacrylate is a liquid tissue adhesive that has a
well-established utility in the endoscopic management
[17-19]
of gastrointestinal variceal bleeding
, but its role in
[19-21]
non-variceal bleeding is less clear
. This limitation
is probably related to the limited experience in this
area due to the availability of alternative modes of
hemostasis, e.g., transarterial embolization, and to
the potential side effects of endoscopic cyanoacrylate
[22]
use in peptic ulcer disease . In fact, despite the
relatively safe use of cyanoacrylate glues for treating
[23]
gastroesophageal variceal bleeding , there are
concerns about potential serious complications, parti
cularly distant embolization.
Given the possibility of this life-threatening adverse
[21]
event , cyanoacrylate is considered a last resort for
achieving endoscopic hemostasis in high surgical risk
patients after conventional treatment methods have
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[19]

failed .
During the last 20 years, several cyanoacrylate form
ulations have been developed. In our clinical practice,
we have chosen N-butyl-2-cyanoacrylate associated
®
with methacryloxysulfolane (NBCA + MS: Glubran 2)
because of its peculiar characteristics. This formulation
has hemostatic, sealing, bacteriostatic, adhesive and
sclerosing properties. Polymerization begins 1-2 s
after application and completes within 60-90 s. The
polymerization reaction generates a temperature of
[24,25]
approximately 45 ℃
, which is lower than that of
[16,26]
pure cyanoacrylates
, and this formulation is the
only cyanoacrylate glue approved for embolization
therapy, as stated in the product’s instructions for use.
In this paper, we retrospectively describe our
personal experience using NBCA + MS injections for
the management of (NV-UGIB) after the failure of
conventional endoscopic modalities.

MATERIALS AND METHODS
Between April 2008 and May 2015, 1177 patients were
referred to our center for NV-UGIB; 579 (49.2%) of
these patients received endoscopic treatment.
Patients in whom initial hemostasis was not
achieved or who had early rebleeding were treated
with other measures, including surgery, selective
transarterial embolization and/or cyanoacrylate glue
injections (Figure 1).
®
NBCA + MS (Glubran 2, GEM S.r.l.; Italy) were
used according to manufacturer’s indications, and all
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A

B

C

Figure 2 a duodenal bleeding ulcer (Forrest type Ⅰb) (A); endoscopic hemostasis achieved with cyanoacrylate (B); and injection site evaluation after 3 d (C).

possible precautions were taken to avoid intravasal
penetration.
The technique involves injection through a sclero
therapy catheter with a 21- to 25-gauge retractable
needle in or around actively bleeding points or nonbleeding vessels (Figure 2).
NBCA + MS is applied deep in the submucosa
with an injection needle in 0.5-mL to 1.5-mL boluses
around the relevant vessel to “compress” from the
outside of the bleeding vessel. The technique is then
repeated for each bleeding vessel.
We have used this approach in 24 patients during
their first endoscopy and in 9 patients who experienced
rebleeding after the initial success of a conventional
treatment. Bleeding recurrence was considered in the
event of any one of the following: the vomiting of fresh
blood, hypotension and melena, or the requirement for
more than four units of blood in the 72-h period after
[23]
endoscopic treatment .
All 33 patients have received follow-up examin
ations to detect eventual rebleeding. Currently, the
average follow-up period is 37.6 mo (median, 40;
range, 3-57).

RESULTS
Endoscopic hemostasis could not be achieved in 45 of
579 patients (7.8%) with conventional treatments, and
early rebleeding occurred in 12 patients (2.1%). Of
the 45 patients who did not exhibit initial hemostasis
or who had early rebleeding, 33 (76.7%) were treated
with cyanoacrylate glue, 16 (37.2%) underwent
surgery (including 5 patients in whom cyanoacrylate
therapy failed), and 3 (7.0%) were treated with
selective transarterial embolization (including 2
patients in whom cyanoacrylate therapy failed).
The group of patients treated with NBCA + MS
consisted of 23 males and 10 females; the mean
patient age was 74.5 years (median, 78; range,
38-94) (Tables 1 and 2).
The physical status of each patient was classified
according to guidelines of the American Society of
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Anesthesiologists. Upon admission, the patients were
categorized as follows: 1 patient, (3.0%) class Ⅰ; 9
patients, (27.3%) class Ⅱ; 20 patients, (60.6%) class
Ⅲ; and 3 patients, (9.1%) class Ⅳ.
The presenting symptomatology was melena in
16 patients (48.5%), hematemesis in 16 patients
(48.5%), and shock + hematemesis in 1 patient
(3.0%). The average hemoglobin value at admission
was 8.81 g/dL (range, 5.5-11.2). Seventeen (51.5%)
patients had a duodenal ulcer, 6 (18.2%) had a gastric
ulcer, 4 (12.1%) had an anastomotic ulcer, 2 (6.1%)
had gastric post-mucosectomy bleeding, 2 (6.1%)
had a gastric Dieulafoy’s ulcer, 1 (3.0%) had duodenal
diverticular bleeding, and 1 (3.0%) had esophageal
post-mucosectomy bleeding.
Regarding the Forrest classification, 16 (48.5%)
patients were grade Ⅰa, 6 were grade Ⅰb (18.2%),
and 5 were grade Ⅱa (15.2%).
The initial endoscopic treatment consisted of epine
phrine (Epi) + clip in 16 patients (48.5%), clip alone in
12 (36.4%), APC (Argon Plasma Coagulation) alone in
2 (6.1%), APC + Epi + clip in 1 (3.0%), Epi + APC in 1
(3.0%), and APC + clip in 1 (3.0%).
®
Glubran 2 was used in 24 patients during the first
endoscopy and in 9 patients experiencing rebleeding
after an initially successful treatment.
Overall, hemostasis was achieved with NBCA +
MS in 26 of 33 patients (78.8%). Hemostasis was
successfully achieved with NBCA + MS during the
first endoscopy in 19 of 24 patients (79.2%). Four
patients (16.6%) who did not stop bleeding after the
first endoscopy underwent surgery, and 1 (4.2%) was
treated with selective transarterial embolization. One
patient (4.1%) experienced early rebleeding after
being treated with cyanoacrylate.
Of the 9 patients with early rebleeding, 7 (77.8%)
achieved hemostasis with NBCA + MS usage, whereas
2 (22.2%) did not and were treated with surgery (1
patient) or transarterial embolization (1 patient).
No late rebleeding occurred during the follow-up
period, and no complications related to the glue injections
were recorded.
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Table 1 Patients treated with cyanoacrylate injection during first endoscopy
Pat. Age Gender
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

81
74
86
74
80
63
71
75
82
43
61
85
71
70
85
84
89
82
88
61
41
63
81
74

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

Lesion
DU
GU
G-EMR
An-U
DU
E-EMR
GU
DU
DU
DU
DU
DU
DU
GU
G-Dieulafoy
DU
GU
DU
DU
An-U
DU
GU
DU
G-Dieulafoy

ASA

Forrest

Presentation

Ⅰa
Ⅰa
na
Ⅰa
Ⅰb
na
2°
2°
2°
Ⅰa
Ⅰa
Ⅰa
Ⅰb
Ⅰa
na
Ⅰa
Ⅰb
Ⅰa
Ⅰa
2°
2°
Ⅰb
Ⅰa
na

Hematemesis
Melena
Hematemesis
Melena
Melena
Hematemesis
Melena
Melena
Melena
Melena
Melena
Hematemesis
Melena
Melena
Hematemesis
Shock, Hematemesis
Melena
Hematemesis
Hematemesis
Hematemesis
Hematemesis
Hematemesis
Melena
Hematemesis

Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅳ
Ⅲ
Ⅱ
Ⅱ
Ⅲ
Ⅰ
Ⅱ
Ⅳ
Ⅲ
Ⅱ
Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ
Ⅱ
Ⅱ
Ⅲ
Ⅲ
Ⅲ

Hb (at Initial endoscopic Hemostasis with cyanoacrylate Failure therapy Followentry)
treatment
(first endoscopy)
up (mo)
10.6
10.9
7.6
5.5
8.2
9.6
10.0
7.6
10.3
7.6
8.6
6.5
11.0
10.2
9.2
8.0
9.7
8.9
11.2
7.6
10.7
8.1
6.8
7.2

Epi + clip
Epi + clip
Apc
Epi + clip
Clip
Clip
Apc + clip
Epi + clip
Epi + clip
Epi + clip
Epi + clip
Clip
Epi + clip
Apc + Epi + clip
Clip
Clip
Epi + clip
Epi + clip
Epi + clip
Epi + clip
Clip
Epi + clip
Clip
Clip

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

No
No
No
No
No
No
No
No
No
Surgery
Surgery
No
No
No
No
Surgery
No
TAE
No
Surgery
No
No
No
No

45
51
49
40
40
47
57
49
40
49
39
35
39
47
40
39
42
45
34
30
28
11
3
3

ASA: American Society of Anesthesiologists; DU: duodenal ulcer; GU: gastric ulcer; An-U: anastomotic ulcer; DD: duodenal diverticulum; G-EMR:
gastric mucosectomy; E-EMR: esophageal mucosectomy; Epi: epinephrine; TAE: transarterial embolization; na: not applicable.

Table 2 Patients who underwent cyanoacrylate injection for rebleeding
Pat. Age Gender Lesion ASA Forrest
No.
r1
r2
r3
r4
r5
r6
r7
r8
r9

87
38
76
73
82
94
87
78
80

M
F
M
F
M
M
F
M
M

DU Ⅲ
An-U Ⅱ
DD Ⅲ
An-U Ⅲ
DU Ⅲ
G-EMR Ⅳ
GU Ⅲ
DU Ⅲ
DU Ⅲ

Ⅰa
Ⅰb
na
Ⅰa
Ⅰa
na
Ⅰb
Ⅰa
Ⅰa

Presentation Hb (at Initial endoscopic treatment
entry)
Hematemesis
Hematemesis
Melena
Hematemesis
Hematemesis
Melena
Melena
Melena
Hematemesis

8.6
7.4
7.2
9.7
9.3
8.6
8.8
10.4
9.0

Clip
Clip
Clip
Epi + clip
Epi + clip
Apc
Epi + apc
Clip
Epi + clip

Hemostasis with cyanoacrylate
(second endoscopy)
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes

Failure therapy Follow-up
(mo)
No
Surgery
No
No
No
No
TAE
No
No

38
43
47
49
42
36
32
27
26

ASA: American Society of Anesthesiologists; DU: duodenal ulcer; An-U: anastomotic ulcer; DD: duodenal diverticulum; G-EMR: gastric mucosectomy;
Epi: epinephrine; na: not applicable.

[28]

DISCUSSION
Despite significant positive changes in recent years,
NV-UGIB remains a common, challenging and often
life threatening emergency for gastroenterologists and
endoscopists. Although there have been significant
improvements in endoscopic and supportive therapies,
the overall mortality rate remains approximately 10%
and may even reach 35% in the elderly and in hospi
[27]
talized patients with serious comorbidities .
In most cases, peptic ulcers spontaneously stop
bleeding, and high-dose intravenous proton pump
inhibitors and endoscopic therapies for bleeding
ulcers reduce recurrent bleeding risk and the need for
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surgery .
th
In approximately 4/5 of all upper gastrointestinal
[11]
episodes, bleeding stops spontaneously , whereas in
th
the remaining 1/5 , the bleeding either continues or
[14]
will recur, causing a rebleeding episode . Thus, the
main open question seems to involve the management
of rebleeding.
Because the recurrence of gastrointestinal hemorr
[15]
haging increases morbidity, mortality and cost ,
the timely identification and aggressive management
of patients at high risk for continued bleeding or
rebleeding has become the major focus of upper
[8]
gastrointestinal bleeding therapy .
Rebleeding after initial endotherapy can be con
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trolled in approximately 75% of patients with a second
endoscopic treatment, which is safer than undergoing
[29]
surgery .
While cyanoacrylate glue injections effectively control
variceal bleeding, the role of the material in NV-UGIB is
[30]
less defined .
When administered by a suitably experienced endos
copist for hemostasis, cyanoacrylate glue is considered
a safe, inexpensive and effective salvage alternative to
surgery when other measures have failed or if selective
[19-21,31]
transarterial embolization is unavailable
. It is
important to note that several different formulations
of cyanoacrylate glue are available; these different
formulations merit investigation as they may lead signi
ficantly different results and safety profiles.
In variceal bleeding, the use of cyanoacrylate is
very common and is included in several guidelines.
However, few papers have report the results of its use
in NV-UGIB, and some are simple case descriptions or
[19-20,22]
short case series
. No direct comparisons of the
cyanoacrylate formulations are available.
To the best of our knowledge, the largest (126
patients) and only randomized study was performed
[21]
by Lee et al , who demonstrated significantly lower
rebleeding rates in patients with Forrest type Ia
lesions treated with a pure N-butyl-cyanoacrylate
®
glue (Histoacryl ) compared with a hypertonic salineadrenaline (HSE) injection; no overall benefits regarding
hemostasis rates were observed in the other patients.
However, although no complications followed HSE
therapy, arterial embolization with infarction occurred
in 2 patients treated with cyanoacrylate, and one of
these patients died. Arterial embolization is considered
the most dangerous complication of this treatment;
therefore, this therapy is typically recommended as
a final measure due to the potentially fatal adverse
[21]
effects . In contrast, in other published papers, com
[19,20,22]
plication rates are typically negligible
, mirroring
the low rates of complications recently reported with
[23,30]
the use of cyanoacrylate for varices
.
Our retrospective series of 33 cases supports the
efficacy (78.8% success rate) and safety (no side
effects) of the modified cyanoacrylate formulation
(NBCA + MS) used in our Digestive Endoscopy and
Gastroenterology Unit. Compared with other similar, but
[19,20,22]
shorter, case series
, the success rate observed in
our patients might be due to the fact that we used the
glue exclusively as a second-line therapy; in addition,
we used a different methodology, i.e., injection only,
and our patients had different baseline diseases.
Although our results were obtained from a retro
spective series, in our opinion, it would be possible to
hypothesize that the lack of complications might be at
least partly derived from our long experience in treating
variceal bleeding with this product that has been largely
[29,32-34]
documented in digestive endoscopy
.
In addition, the differences among the cyano
acrylate formulations might be crucial. In particular,
polymerization time and temperature may play a
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role in this respect. The polymerization time depends
on the amount of injected liquid. However, NBCA +
MS generally begins to polymerize 1 s to 2 s after
application, and the polymerization is complete within
60 s to 90 s. In contrast, other cyanoacrylates take
[16,26]
longer (150-180 s) to polymerize
, and these
glues only reach maximum mechanical strength upon
complete polymerization. The differences regarding the
temperature generated by the polymerization reaction
appear to be more important than polymerization time.
NBCA + MS generates a temperature of approximately
45 ℃ and thus causes very limited damage to the
[24,25]
surrounding tissue
. In contrast, other cyanoa
crylates generate temperatures of 80-90 ℃, causing
more inflammation and, rarely, tissue necrosis and
[35]
deep ulcers or fistulas .
Some authors consider surgery or selective
transarterial embolization to be preferred methods
for controlling rebleeding, even though it is accepted
that treatments should be largely based on patient
[22]
comorbidities and surgical risk . In our opinion, NBCA
+ MS should be implemented before surgery because
it is cheaper, is associated with fewer complications,
and is very effective (77.8% in our early rebleeding
[19]
patients), as previously reported by others .
Our retrospective observational study indicates that
the formulation of cyanoacrylic glue associated with
methacryloxysulfolane used in our department was
safe and effective for treating NV-UGIB after the failure
of conventional treatment modalities. As our results
were obtained from a medium size retrospective
series, no definitive conclusions can be drawn. In our
experience, the glue has been safe and has not caused
any side effects. Therefore, in agreement with the
[21]
literature , we suggest its use in high surgical risk
patients for endoscopic hemostasis as a last resort,
given the possibility of life-threatening adverse events.
Finally we consider important to underline that our
results are derived from a retrospective observational
study: it is well known that retrospective studies have
a limited validity compared to randomized clinical
trials because the characteristics of the subjects
included, the data collected and measured outcomes
are defined after the end of the recruitment. Our data
have been collected in order to obtain a good level
of quality, but, in retrospective studies this cannot be
guaranteed. Furthermore, observational studies tend
both to overestimate the effects of treatment and to
have greater variability in effect estimates because
of residual confounding. Hence our results should be
read taking into account these possible biases. In our
opinion a randomized clinical trial comparing NBCA
+ MS with the current standard rescue treatments in
selected populations is therefore highly advisable.
In the case of positive outcomes, further com
parisons with other cyanoacrylate formulations might
be useful for establishing the role of NBCA + MS in
patients with NV-UGIB after conventional treatments
have failed and for clarifying the long-term differences
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Abstract
AIM
To evaluate the efficacy of quantitative fecal immuno
chemical test (FIT) as biomarker of disease activity in
ulcerative colitis (UC).
METHODS
Between February 2013 and November 2014, a
total of 82 FIT results, obtained in conjunction with
colonoscopies, were retrospectivelyevaluated for 63
patients with UC. The efficacy of FIT for evaluation of
disease activity was compared to colonoscopic findings.
Quantitative fecal blood with automated equipment
examined from collected feces. Endoscopic disease
severity were assessed using the Mayo endoscopic
subscore (MES) classification. The extent of disease
were classified by proctitis (E1), left sided colitis
(E2), and extensive colitis (E3). Clinical activity were
subgrouped by remission or active.
RESULTS
All of 21 patients with MES 0 had negative FIT (< 7
ng/mL), but 22 patients with MES 2 or 3 had a mean
FIT of > 134.89 ng/mL. The sensitivity, specificity,
positive predictive value (PPV), negative predictive
value (NPV) and accuracy of negative FIT about
mucosal healing were 73.33%, 81.82%, 91.49%,
51.43% and 73.17%, respectively. The sensitivity,
specificity, PPV, NPV and accuracy of predictive value
of positive FIT (cutoff value > 100 ng/mL) about active
disease status were 45.45%, 93.33%, 71.43%, 82.35%
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and 26.83%, respectively. Among patients with clinical
remission, FIT was negative in 31 (81.6%) of 38 cases,
with a mean fecal hemoglobin concentration of 6.12
ng/mL (range, negative to 80.9 ng/mL) for this group
of patients. Among patients with clinical active disease,
FIT was negative in 16 (36.4%) out of 44 cases, with
a mean fecal hemoglobin concentration > 167.4 ng/mL
for this group of patients. FIT was positively correlated
with endoscopic activity (r = 0.626, P < 0.01) and
clinical activity (r = 0.496, P < 0.01). But, FIT did not
correlate with the extent of disease (r = -0.047, P =
0.676)
CONCLUSION
Quantitative FIT can be a non-invasive and effective
biomarker for evaluation of clinical and endoscopic
activity in UC, but not predict the extent of disease.
Key words: Ulcerative colitis; Fecal immunochemical
test; Mayo endoscopic subscore; Biomarker; Disease
activity
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Until now, colonoscopy has been regarded as
the gold standard to assess mucosal status and disease
activity in patients with ulcerative colitis (UC). Recently,
non-invasive markers of mucosal healing have been
studied in UC. Fecal immunochemical test (FIT) is one
of them suggested association with mucosa healing
in some studies. Our results have identified that FIT
correlated positively with endoscopic activity and clinical
remission, but not with extent of disease. In particular
a negative FIT could be regarded as an indication of
endoscopic and clinical remission. FIT can be a noninvasive and economic biomarker in patients with UC.
Ryu DG, Kim HW, Park SB, Kang DH, Choi CW, Kim SJ, Nam
HS. Assessment of disease activity by fecal immunochemical
test in ulcerative colitis. World J Gastroenterol 2016; 22(48):
10617-10624 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10617.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10617

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory disorder
of the colorectum that is characterized by a clinical
[1]
course of remission and relapse . Assessment of
the response to treatment and monitoring of disease
activity are two important aspects of the clinical
management inpatients with UC. Clinical indices do
not always correlate with actual inflammation in UC
patient and active mucosal inflammation is often
present in asymptomatic patients. Therefore, recent
opinions increasingly require to achieve both clinical
response and endoscopic mucosal healing (MH) in the
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[2-4]

treatment of UC . To date, the evaluation of mucosal
inflammation with colonoscopy is the gold standard to
assess disease activity in patients with UC. However,
colonoscopic examination is difficult to frequently
perform due to cost and inconvenience to patients.
Therefore, identification of non-invasive biomarkers of
disease activity in UC is a research priority.
Fecal calprotectin (FC) may provide a promising
non-invasive marker of mucosal inflammation, with
several studies having shown a correlation between FC
[5-9]
and the severity of mucosal inflammation . However,
the measurement of FC requires the enzyme-linked
immunosorbent assay technique which usually can only
be performed in tertiary healthcare institutions, usually
[6]
takes several hours to perform and is expensive . In
contrast, quantitative fecal immunochemical test (FIT)
measures hemoglobin concentration in feces by using
an antibody for human hemoglobin. FIT has been
used to screen for colorectal cancer in the general
[10]
population . FIT quantifies blood in fecal samples
[11]
simply and rapidly using automated equipment . In
patients with UC who are in clinical remission, occult
blood can be present in stool samples due to residual
mucosal inflammation. In fact, previous studies have
shown that FIT correlates well with the mucosal status
[12,13]
in patients with UC
.
In this study, we measured FITs in patients with
UC who had undergone colonoscopy with the aim of
comparing endoscopic disease activities with FITs.
Furthermore, unlike other studies thus far, we used FIT
to compare clinical disease activity and extent of the
disease.

MATERIALS AND METHODS
Patients and diagnosis of UC

Between February 2013 and November 2014 we
retrospectively reviewed the medical records of
patients with UCat the Pusan National University
Yangsan Hospital, Korea. During the period, a total of
206 patients with suspected UC were evaluated. UC is
diagnosed based on a comprehensive medical history
and clinical features, in combination with typical
endoscopic and biopsy findings according to current
guidelines. UC is a chronic inflammatory condition
causing continuous mucosal inflammation of the colon
without granulomas on biopsy, affecting the rectum
and a variable extent of the colon in continuity, which
[14,15]
is characterized by relapsing and remitting course
.
Patients are not clearly diagnosed with UC including
inflammatory bowel disease unclassified (IBDU) and
indeterminate colitis were excluded. IBDU is the
cases where a definitive distinction between UCand
Crohn’s disease (CD), or other cause of colitis cannot
be made after the history, endoscopic appearances,
[15]
histopathology and appropriate radiology . In
determinate colitis is a term which has overlapping
[16]
features of UC and CD . Rule out other diseases in
this process, a total of 187 patients were diagnosed
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Between February 2013 and November 2014, a total of 206 UC suspected patients were evaluated.
Exclusion (n = 19)
Presumed to infections colitis: 3
Presumed to non specific colitis: 7
Inflammatory bowel disease unclassified: 5
Indeterminate colitis : 3
Finally diagnosed with CD: 1
A total of 187 patients were finally diagnosed with UC.
Exclusion (n = 124)
Not presumed colonoscopy: 46
Poor bowel preparation: 1
Not performed FIT: 46
Interval of FIT and colonoscopy > 1 wk: 23
Follow-up loss: 8
A total of 82 FIT results of 63 patients who underwent colonoscopy were included.

Figure 1 Flow chart of the enrolled patients. UC: Ulcerative colitis; FIT: Fecal immunochemical test.

with UC. Patients not performed colonoscopy or FIT
were excluded and patients with the interval of FIT and
colonoscopy was more than 1 wk were also excluded.
Finally a total of 82 FIT results of 63 patients who
underwent colonoscopy included in this study (Figure 1).

to be active disease state. The extent of UC was based
on the Montreal Classiﬁcation, with patients classified
as having either: proctitis (E1), left sided colitis (E2) or
[15]
extensive colitis (E3) .

Fecal sampling and FIT analysis

Statistical calculations were performed using SPSS
version 21.0 for Windows (SPSS Inc., Chicago, IL,
United States). Spearman’s and Kendall’s tau rank
correlation were performed to determine the association
among FIT, MES, the extent of disease and clinical
remission. Sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), with
associated 95%CI, for detecting mucosal status based
on FIT results, were determined. Statistical significance
was set at a P value of 0.05.

Fecal samples were prepared on the morning of
hospital visit or the previous day hospital visit. FIT
results were obtained on the day of colonoscopy (56/82,
68.3%) or within 1 wk (before or after) of colonoscopy
(26/82, 31.7%). About seasonally correlation FIT
results and disease activity or mucosa status in UC
patients is not yet known. But one study reported
that FIT results and disease activity of patients with
[17]
UC can deviate for 2-4 wk . With reference to the
study, patients with more than 1 wk intervals between
FIT and colonoscopy were excluded. Submitted stool
samples were immediately processed and examined
using the HM-JACK system (Kyowa Medex, Japan),
a fully automated quantitative FIT system. The HMJACK system can accurately measure fecal hemoglobin
concentration within a range of 7-300000 ng/mL.
Stools with a hemoglobin concentration > 1000 ng/mL
were classified as bloody stools. On the other hand,
fecal specimens with a hemoglobin concentration <
7 ng/mL were classified as negative (0-7 ng/mL).
The HM-JACK system cannot accurately differentiate
hemoglobin concentrations < 7 ng/mL.

Assessment of clinical and endoscopic activity

Clinical and endoscopic disease activity were evaluated
[18]
using the Mayo scoring system for UC . Endoscopic
remission and MH were defined bya Mayo endoscopic
[3]
score (MES) of “0” or “1” . Clinical remission was
defined by a Mayo stool frequency subscore of “0”
[3]
or “1” and a Mayo rectal bleeding subscore of “0” .
Patients with any other Mayo scores were considered

WJG|www.wjgnet.com

Statistical analysis

RESULTS
Patients characteristics

A total of 82 FITs were evaluated for 63 patients with
UC, 60 males and 22 females, with a median age
of 47.9 years. Baseline characteristics of our patient
group are shown in Table 1. Mean disease duration
was 33.5 mo (range, 0-217 mo). All patients were
treated with suppository or oral 5-ASA, with 46 patients
(56.1%) treated with additional therapy: 17 patients
(20.7%) with systemic steroids; 23 patients (28%)
with azathioprine; and 6 patients (7.3%) with anti
TNF-alpha therapy. During the study period, 3 patients
were hospitalized for severe UC. No patient underwent
surgery for UC-related complications and no patient
died.

Correlation between FIT and endoscopic finding

Colonoscopy was performed in all patients during the
study period. Among the 82 colonoscopy, 38 (46.3%)
were performed in patients in clinical remission and
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Table 1 Characteristics of enrolled cases
Characteristics variables

Table 4 Sensitivity, specificity and predictive value of fecal
immunochemical test for mucosal healing (mayo endoscopic
subscore 0 or 1)

Value

Age (yr), mean (range) ± SD
Male/Female, n (%)
Disease duration (mo), mean (range) ± SD
MES, n (%)
0
1
2
3
Disease extent, n (%)
Extensive colitis
Left sided colitis
Proctitis
Fecal hemoglobin concentrations (ng/mL), n (%)
0-7, negative
7-100
100-1000
> 1000
Drug at study entry, n (%)
Oral / Suppository 5-ASA
Systemic steroids
Azathioprine
Anti-TNFα

47.9 (22-75) ± 12.5
60/22 (73.2/26.8)
33.5 (0-217) ± 48.3

Negative FIT (< 7 ng/mL)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)
Accuracy (95%CI)

21 (25.6)
39 (47.6)
15 (18.3)
7 (8.5)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV:
Positive predictive value; NPV: Negative predictive value.

32 (39.0)
30 (36.6)
20 (24.4)

Table 5 Sensitivity, specificity and predictive value of fecal
immunochemical test for endoscopic active disease (mayo
endoscopic subscore 2 or 3)

47 (57.3)
21 (25.6)
11 (13.4)
3 (3.7)

Positive FIT (> 100 ng/mL)

64 (100.0)/18 (22.0)
17 (20.7)
23 (28.0)
6 (7.3)

MES: Mayo endoscopic subscore; 5-ASA: 5-aminosalicylic acids; TNF:
Tumor necrosis factor.

Table 2 Negative fecal immunochemical test probability (%)
and mean fecal immunochemical test values according to
mayo endoscopic subscore
MES

Negative FIT (%)

mean FIT (ng/mL)

0
1
2 or 3

21/21 (100)
44/60 (73.3)
4/22 (18.2)

0
33.94
> 134.891

1

Three cases in MES “2” or “3” were measured more than 1000 ng/mL
fecal hemoglobin concentration. MES: Mayo endoscopic subscore; FIT:
Fecal immunochemical test.

Table 3 Mayo endoscopic subscore according to fecal
immunochemical test values
n (%)
Negative FIT cases (n = 47)
MES 0 or 1
MES 2 or 3
Positive FIT cases (n = 35)
MES 0
MES 1
MES 2 or 3

43 (91.5)
4 (8.5)
0
17 (48.6)
18 (51.4)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test.

the other 44 (53.7%) in patients with clinical active
disease. The distribution of MES based on colonoscopic
findings was as follows: MES of “0” in 21 patients
(25.6%); MES of “1” in 39 (47.6%); MES of “2” in 15
(18.3%) patients; and MES of “3” in 7 (8.5%). All of
patients with MES of “0” had negative FIT (< 7 ng/
mL). Patients with MES of “2” or “3” had a mean fecal
hemoglobin concentration of 134.89 ng/mL (range,
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0.73 (0.60-0.83)
0.81 (0.59-0.94)
0.91 (0.80-0.97)
0.52 (0.35-0.70)
0.73 (0.62-0.82)

Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)
Accuracy (95%CI)

0.45 (0.24-0.67)
0.93 (0.83-0.98)
0.71 (0.41-0.91)
0.82 (0.71-0.90)
0.26 (0.17-0.37)

MES: Mayo endoscopic subscore; FIT: Fecal immunochemical test; PPV:
Positive predictive value; NPV: Negative predictive value.

negative to > 1000 ng/mL). Among patients with MES
of “2” or “3”, 18.2% (4 of 22 patients) had a negative
FIT (Table 2).
The distribution of MES for the 47 negative FIT
cases was as follows: MES of “0” in 21 patients (44.7%);
MES of “1” in 22 (46.8%) patients; MES of “2” in 3
(6.4%) patients; and MES of “3” in 1 patient (2.1%).
Therefore, a negative FIT identifies mucosa healing,
assessed by endoscopy (MES of “0” or “1”), with a
probability of 92%. For the 35 patients with a positive
FIT, the distribution of MES was as follows: MES of “0”
in 0 patient; MES of “1” in 17 patients (48.6%); MES
of “2” in 12 patients (34.3%); and MES of “3” in 6
patients (17.1%). Among the three patients with FIT
>1000 ng/mL, 2 patients had a MES of “2”, with the
other patient having a MES of “3” (Table 3).
When we consider only the 60 cases in whom
endoscopy identified MH, FIT was negative in 44 of
these 60 cases (73.33%). The sensitivity, specificity,
PPV, NPV and accuracy of the fecal hemoglobin
concentration in relation to MH are reported in Table
4 and summarized as follows: sensitivity, 73.33%;
specificity, 81.82%; PPV, 91.49%; NPV, 51.43%; and
accuracy, 73.17%. The change in these predictive
values of FIT using a cutoff value of fecal hemoglobin
concentration > 100 ng/mL, which is popularly used
for colon cancer screening, is reported in Table 5. The
predictive value of FIT specifically in patients with
an active disease status, identified by endoscopy, is
summarized as follows: sensitivity, 45.45%; specificity,
93.33%; PPV, 71.43%; NPV, 82.35%; and accuracy,
26.83%.
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Fecal hemoglobin

1000

in the E3 category. Among the 47 patients with a
negative FIT, the extent of disease was classified as E1
in 12 patients (25.6%), as E2 in 16 patients (34.0%),
and as E3 in 19 patients (40.4%). Among the 35
patients with a positive FIT, the extent of disease was
classified as E1 in 8 patients (22.9%), as E2 in 14
patients (40.0%), and as E3 in 13 patients (37.1%).
As a result, FIT did not correlated with the extent of
disease (r = -0.047, P = 0.676).

Fecal hemoglobin
concentrations (ng/mL)

900
800
700
600
500
400
300
200
100
0

0

1

2

Correlation between FIT and clinical activity

3

Spearman’s rank correlation
coefficient = 0.626, P < 0.01
Mayo endoscopic subscore

Figure 2 Correlation between fecal immunochemical test and mayo
endoscopic subscore. FIT was positively correlated with endoscopic activity
(Spearman’s rank correlation coefficient = 0.626, P < 0.01). MES: Mayo
endoscopic subscore; FIT: Fecal immunochemical test.

Table 6 Negative fecal immunochemical test probability (%)
and mean fecal immunochemical test values according to
clinical condition
Clinical condition

Negative FIT (%)

mean FIT (ng/mL)

31/38 (81.6)
16/44 (36.4)

6.12
> 167.41

Remission status (n = 38)
Active status (n = 44)
1

Three cases in clinical active were measured more than 1000 ng/mL fecal
hemoglobin concentration. FIT: Fecal immunochemical test.

Table 7 Mayo endoscopic subscore according to clinical
condition
Clinical condition
Remission status (n = 38)
MES 0 or 1
MES 2
MES 3
Active status (n = 44)
MES 0 or 1
MES 2
MES 3

n (%)
37 (97.4)
1 (2.6)
0
23 (52.3)
14 (31.8)
7 (15.9)

MES: Mayo endoscopic subscore.

As a result, FIT was positively correlated with
endoscopic activity, with a Spearman’s rho correlation
coefficient of 0.626 and corresponding P value <0.01.
The correlation between the FIT and findings of disease
activity on endoscopy are shown in Figure 2.

Correlation between FIT and the extent of disease

Eighty two cases of colonoscopy were classified
according to the extent of disease, where the extent
of UC was defined using the Montreal Classiﬁcation.
The distribution of cases was as follows: 20 patients
(24.4%) were classified in the E1 category; 30 patients
(36.6%) in the E2 category; and 32 patients (39.0%)
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Among the 82 colonoscopies performed, 38 (46.3%)
were performed in patients with clinical remission, with
the other 44 (53.7%) were performed in patients
with clinical active disease. Among patients in clinical
remission, FIT was negative in 31 (81.6%) of 38 cases,
with a mean fecal hemoglobin concentration of 6.12
ng/mL (range, negative to 80.9 ng/mL) for this group
of patients. Among patients in clinical active disease,
FIT was negative in 16 (36.4%) out of 44 cases, with a
mean fecal hemoglobin concentration > 167.4 ng/mL
(range, negative to > 1000 ng/mL) for this group of
patients. The probability of a negative FIT and mean FIT
values according to clinical status of UC are reported in
Table 6, with MES according to clinical status reported
in Table 7. Overall, FIT positively correlated with clinical
activity (r = 0.496, P < 0.01).

Correlation between FIT and conventional inflammatory
markers

Erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) were measured in all patients. In FIT
negative group (n = 47), ESR was normal range (0-10
mm/h) in 15 cases (31.9%) and CRP was normal range
(0-0.5 mg/dL) in 38 cases (80.9%). In FIT positive
group (n = 35), ESR was higher than the normal
ranges in 28 cases (80.0%) and CRP was higher than
the normal ranges in 13 cases (37.1%). Mean ESR
was 18.47 mm/hr (range, 2-83) in FIT negative group
and 31.06 mm/hr (range, 2-118) in FIT positive group.
Mean CRP was 0.338 mg/dL (range, 0.01-3.12) in FIT
negative group and 1.286 mg/dL (range, 0.01-7.45) in
FIT positive group. Statistically, FIT did not correlated
with ESR (r = 0.183, P = 0.100) or CRP (r = 0.154, P
= 0.167).

DISCUSSION
As the clinical course of UC is characterized by multiple
phases of clinical remission and acute exacerbations,
continued monitoring of disease status and treatment
are required. In particular, identification of disease
activity during asymptomatic periods is important
inpredictingsubsequent acute exacerbation. With the
accumulation of evidence on the value of the status
of the mucosa in the disease process of UC, MH has
been regarded as an important clinical goal to achieve
[3,11]
in patients with UC
. Studies have in fact indicated
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that MH can alter the course of UC, reducing the
[19]
rate of hospitalization and surgery . Therefore, the
evaluation of MH is an important component of the
treatment and follow-up of patients with UC. Until now,
colonoscopy has been regarded as the gold standard
to assess mucosal status in patients with UC. However,
colonoscopy is burdensome for patients and carries
the possibility of exacerbating the disease status.
Furthermore in one study, colonoscopy itself may
worsen the disease condition in IBD patients, even in
[20]
remission state . Therefore, frequent colonoscopy,
as required for adequate monitoring of UC status, is
difficult due to cost and the inconvenience to patients.
To overcome this clinical problem, non-invasive
markers of MH have been studied. Although ESR and
CRP levels have been used as conventional markers of
inflammation, the clinical application of these markers
is limited as they reflect systemic inflammation and,
therefore, are non-specific to inflammation of the
mucosa. FC seems to be promising non-invasive
marker of mucosal inflammation and several studies
have shown its correlation to the severity of mucosal
inflammation. The usefulness of FC has been proven
in clinical practice, reliably identifying disease activity
in patients with UC who had undergone endosco
picexamination and correlating well with the degree
[5-9]
of mucosal inflammation . Usually, however, FC can
only be performed in tertiary institutions, takes several
hours to provide results and is expensive. Moreover,
it has been reported that FCresults can exhibit large
variation, even between stool samples from the same
[21]
patient collected on the same day .
FIT has been reported from several recent studies
[12,13,22]
as another biomarker
. FC estimate the degree
of inflammation in the bowel based on the amount of
inflammatory cells, whereas FIT measures the amount
[22]
of blood from the damaged bowel mucosa . Our
study demonstrates that fecal hemoglobin can be used
as a marker of endoscopic and clinical disease activityin
patients with UC, with a negative FIT accurately
reflecting MH and disease remission. Therefore, FIT
could provide an “easily available” evaluation of MH to
assess the effectiveness of therapy aimed at inducing
disease remission in patients with UC. FIT would also
be appropriate for repeated evaluations of MH, which
is required over the course of clinical remission in
patients with UC. In this regard, FIT provides the fast
results and at a low financial cost, which could allow
physicians to monitor patients with UC more easily and
frequently.
FC requires 5-10 g of fecal material for analysis
while FIT only requires the probe to be placed in a small
[6,23]
sample of stool
. FIT is available even in smaller
institutions, including general primary healthcare. As
well, FIT has a unique comparative cutoff value to
differentiate disease activity and status, whereas a
[23]
status cutoff value for FC is currently undetermined .
The definition of MH in UC has not been clearly
established. Older studies had reported the MH to MES
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[3]

0 or 1 , whereas more recent studies have reported
[12]
MH to MES 0 alone . In recent one study, when the
MH to MES 0, FIT appears to be more sensitive than
FC for predicting MH (FIT, 95% sensitivity; FC, 82%
[22]
sensitivity) .
The ideal biomarker will be able to detect early
relapse in asymptomatic period. Our results also provide
evidence of the future possibility of using FIT to identify
aggravation of the disease status among patients
with a positive FIT. As an example, among our patient
group, a 57-year-old male patient, diagnosed with UC
5 years prior, was being treated using azathioprine
and oral 5-ASA agents. The colonoscopy and FIT were
performed while this patient was classified as being in
clinical remission. Although endoscopy findings were
negative, with MES of “1” and disease status of E1,
a fecal hemoglobin concentration of 74.1 μg/dL was
identified on the FIT. Three months later, the patient
showed worsening of his clinical symptoms, including
persistent bleeding. Sigmoidoscopy conducted at the
time of disease exacerbation classified the mucosa as a
MES of “3”. The patient’s symptoms improved after his
doses of azathioprine and oral 5-ASA were adjusted.
One previous study reported that FIT became higher
[17]
prior to clinical relapse in some UC patients . In order
to accurately prove whether the FIT or FC can detect
subclinical relapse in early, well designed studies are
required.
The limitations of our study need to be acknow
ledged in the interpretation and application of our
results. First, we conducted a retrospective, single
center study that included a small absolute number of
patients with UC. Second, although previous studies
have used the OC-SENSOR neo system to measure
hemoglobin concentrations < 50 ng/mL, in our study
we used the HM-JACK system that can detect a
negative FIT at < 7 ng/mL. With a lower discrimination
threshold, a negative FIT can be a very sensitive
test of disease status. Nevertheless, the correlation
between the MES “0” and a negative FIT was 100%
in our study. Third, all patients did not enforce the
same day as the fecal sampling and colonoscopy.
Although the fecal sampling 1 wk before or after
the colonoscopy, FIT and mucosa state may not be
exact match as temporally. Forth, only a single fecal
sample was obtained from each patient thus individual
variation and sampling variation can arise and lead to
incorrect results.
In conclusion, our results show that FIT was a
reliable tool to identify the inflammation status of
colonic mucosa in patients with UC, especially for
identifying clinical and endoscopic remission. As FIT
was positively correlated with clinical status, a negative
FIT could be regarded as an indication of endoscopic
and clinical remission. With a positive FIT, careful
observation and follow-up is recommended. Sequential
testing using FIT could be helpful to monitor disease
activity and to inform clinical decisions to modify
treatment, including increasing dose of medication.
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Therefore, FIT can bean effective test which can assess
the disease activity in patients with UC.
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Abstract
AIM
To evaluate diagnostic yields of capsule endoscopy (CE)
and/or single-balloon enteroscopy (SBE) in patients
with suspected small bowel diseases.
METHODS
We retrospectively analyzed 700 patients with
suspected small bowel diseases from September 2010
to March 2016. CE, SBE, or SBE with prior CE was
performed in 401, 353, and 47 patients, respectively.
Data from clinical and endoscopy records were
collected for analysis. Indications, procedure times,
diagnostic yields, and complications were summarized
and evaluated.
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RESULTS
The overall diagnostic yield for the CE group was
57.6%. The diagnostic yield of CE in patients with
obscure gastrointestinal bleeding (OGIB) was
significantly greater than that in patients with no
bleeding (70.5% vs 43.8%, P < 0.01). The overall
diagnostic yield of SBE was 69.7%. There was no
difference in the diagnostic yield of SBE between
patients with OGIB and those with no bleeding (72.5%
vs 68.9%, P = 0.534). Forty-seven patients underwent
CE prior to SBE. Among them, the diagnostic yield of
SBE with positive findings on prior CE was 93.3%. In
addition, SBE detected two cases with superficial ulcer
and erosive lesions in the small bowel, which were
missed by CE. However, one case with lymphoma
and two with Crohn’s disease were not confirmed by
SBE. The rate of capsule retention was 2.0%. There
were no significant complications during or after SBE
examinations.
CONCLUSION
SBE is a safe and effective technique for diagnosing
small bowel diseases. SBE with prior CE seemed to
improve the diagnostic yield of small bowel diseases.
Key words: Capsule endoscopy; Small bowel diseases;
Single-balloon enteroscopy; Diagnosis; Balloon-assisted
enteroscopy
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The aims of this study were to evaluate
diagnostic yields associated with capsule endoscopy
(CE), single-balloon enteroscopy (SBE), or their
combined use in patients with suspected small bowel
diseases, as well as to demonstrate the appropriate
diagnostic algorithms for diagnosing different small
bowel diseases. This study revealed the diagnostic
yield of SBE with positive findings on prior CE was high
(93.3%). CE followed by SBE represents an especially
effective strategy for determining the cause of small
bowel disease when findings from an initial CE exa
mination are indeterminate.
Ma JJ, Wang Y, Xu XM, Su JW, Jiang WY, Jiang JX, Lin L,
Zhang DQ, Ding J, Chen L, Jiang T, Xu YH, Tao G, Zhang
HJ. Capsule endoscopy and single-balloon enteroscopy in
small bowel diseases: Competing or complementary? World J
Gastroenterol 2016; 22(48): 10625-10630 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10625.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10625

INTRODUCTION
The small bowel has long been considered by gastro
enterologists as a “black box” due to its length and
complex anatomy. Before 2000, it was not possible
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to reach most of the small bowel using conventional
endoscopic techniques, and thus the diagnosis
of small bowel diseases has been a challenge for
gastroenterologists. The development of capsule
endoscopy (CE) and balloon-assisted enteroscopy
(BAE) represents a decisive breakthrough in the
field. CE is painless and can be used to explore the
entire small bowel in a single examination, making it
the best choice for an initial diagnostic examination
when a patient is suspected of possessing small
[1-3]
bowel disease . However, CE has some technical
limitations, including a lack of therapeutic capability
and the risk of capsule retention.
BAE was introduced as a breakthrough technique
for examining the deep small bowel, and comprises
double-balloon endoscopy (DBE) and single-balloon
enteroscopy (SBE). DBE was introduced in 2001
and is considered the standard technique of deep
endoscopy for visualizing the small bowel and enabling
endoscopists to perform therapeutic interventions;
however, it must be noted that the preparation and
handling of DBE is complex. SBE was introduced in
2008, which has a simpler and easier-to-handle small
bowel endoscopy system. Although SBE may be less
efficient in terms of depth of insertion and complete
visualization of the small bowel when compared with
DBE, some studies have shown that SBE is not inferior
[4]
to DBE with respect to diagnostic yield . Both CE and
BAE are reported to have similarly high diagnostic
[5,6]
yields for small bowel diseases . DBE is considered
an effective complementary technique which can be
[7]
used after initial diagnostic CE examination . However,
there are comparatively limited data on the role of CE
alone and in combination with SBE for assessment of
[8]
small bowel diseases .
We performed a retrospective study with the aim
to: (1) compare the diagnostic yields of CE, SBE, or
their combined use; (2) determine their performance
characteristics in patients with suspected small bowel
diseases; and (3) demonstrate the appropriate diag
nostic algorithms for different small bowel diseases.

MATERIALS AND METHODS
Study design and patient selection

We retrospectively analyzed the records of 700
patients suspected of small bowel diseases who
underwent CE and/or SBE between September 2010
and March 2016 at the First Affiliated Hospital of
Nanjing Medical University. All patients underwent
routine clinical examinations and laboratory tests
(including hemoglobin level and stool tests), abdominal
ultrasound or computed tomography (CT), upper
gastrointestinal endoscopy, and colonoscopy. CE and
SBE were performed after obtaining informed consent
from the patients. Indications for the study included
obscure gastrointestinal bleeding (OGIB), abdominal
pain, diarrhea, or other symptoms. The characteristics
of all patients and procedures were extracted from
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Table 1 Patient characteristics and indications for single-balloon enteroscopy and capsule endoscopy

No. of patients
Age (yr)
Mean (range)
Male/female
Main indications, n (%)
OGIB
Abdominal pain
Diarrhea
Other

CE

SBE

Both (CE prior to SBE)

401
49.4 ± 16.0
(13-85)
248/153

353
42.1 ± 15.8
(11-84)
235/118

47
45.3 ± 15.1
(15-77)
38/9

207 (51.6)
133 (31.2)
30 (7.5)
31 (7.7)

80 (22.7)
184 (52.1)
52 (14.7)
37 (10.5)

30 (63.8)
11 (23.4)
1 (2.1)
5 (10.6)

P value (CE vs SBE)
< 0.01
0.177

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy; OGIB: Obscure gastrointestinal bleeding.

electronic medical records and the endoscopy reporting
system. Final diagnosis was based on SBE findings, CE
findings, surgical pathology, and/or clinical follow-up.
Diagnostic yield was calculated by dividing the total
number of patients who underwent the procedure
by the number of cases with positive findings that
could explain the patient’s symptoms. This study was
approved by the Ethics Committee of the First Affiliated
Hospital of Nanjing Medical University.

CE procedure

CE studies were performed using the OMOM CE system
(Jinshan Science and Technology Company, Chongqing,
™
China) or MiroCam system (IntroMedic, Seoul, South
Korea). Each patient underwent bowel preparation
with 3 L polyethylene glycol solution the day before the
procedure, and then fasted overnight. Collected CE data
included gastric transit time (GTT), small bowel transit
time (SBTT), abnormal findings during the procedure,
total recording time, quality of bowel preparation, and
complete visualization rate of the small bowel. The
complete video of each CE examination was viewed by
two independent and experienced gastroenterologists.

SBE procedure

SBE procedures were performed using the SBE
endoscope system (SIF-Q260; Olympus, Tokyo, Japan).
For anterograde SBE, patients generally needed an
overnight fast. For a retrograde approach, patients
underwent bowel preparation with 3 L polyethylene
glycol solution the day before the procedure, and then
fasted overnight. The examination itself was carried
out with conventional sedation with propofol and
opioid. All procedures were performed by one of three
experienced endoscopists, each of whom had previously
conducted at least 50 SBE procedures. Procedures were
carried out via the anterograde or retrograde approach,
depending on whether the suspected pathology was in
the proximal or distal small bowel.

Statistical analysis

Continuous data are expressed as mean ± SD and
range, and categorical data are showed as percen
tages. Student’s t test was used to compare age
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distributions between the CE and SBE groups. The

χ 2 test was used to compare positive-detection rates

and sex distribution between the CE and SBE groups.
P < 0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS version
20.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
Patient characteristics

Seven hundred patients who underwent CE and/or
SBE were reviewed in the present study. Of these,
401 individuals (248 male, 153 female; mean age,
49.4 ± 16.0 years) underwent 404 CE procedures;
353 individuals (235 male, 118 female; mean age,
42.1 ± 15.8 years) underwent 419 SBE procedures;
and 47 individuals (38 male, 9 female; mean age,
45.3 ± 15.1 years) underwent both CE and SBE (CE
first) (Table 1). Main indications for CE and/or SBE
were OGIB (37.1%, 243 with overt OGIB, and 17 with
occult OGIB), chronic abdominal pain (42.6%), chronic
diarrhea (11.3%), and other complaints (9.0%). The
demographic data of these patients are shown in Table
1. The mean age of these patients was 46.1 ± 16.5
years (range, 11-85 years). There was no significant
difference in sex distribution between the CE and SBE
group (P = 0.177). The average age of the CE group
was older compared with the SBE group (P < 0.01).

CE

A total of 401 patients underwent 404 CE procedures.
Complete visualization of the small bowel was achieved
in 73.5% (297/404). The mean recording time was
555 min ± 115 min (192-721 min). Mean GTT was 51
min ± 62 min (range 1-565 min) and mean SBTT was
352 min ± 157 min (range 33-715 min). The overall
diagnostic yield for small bowel disease by CE was
57.6% (231/401). The main findings included: mucosal
erosion and superficial ulcer in 98 patients (42.4%),
angiodysplasia in 67 (29.0%), Crohn’s disease (CD)
in 26 (11.3%), and masses (tumors and polyps) in
24 (10.4%). Other ﬁndings were parasites in 5.6%
(13/231), diverticulum in 2.6% (6/231), and ongoing
bleeding in 2.2% (5/231) (Table 2, Supplementary
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Table 2 Comparison of findings between single-balloon
enteroscopy and capsule endoscopy n (%)
Findings
Overall detection rate
Superficial ulcer and erosion
Angiodysplasia
Mass
Crohn’s disease
Parasites
Diverticulum
Bleeding

CE (n = 401)

SBE (n = 353)

231 (57.6)
98 (42.4)
67 (29.0)
24 (10.4)
26 (11.3)
13 (5.6)
6 (2.6)
5 (2.2)

246 (69.7)
111 (45.1)
21 (8.5)
26 (10.6)
86 (35.0)
1 (0.4)
3 (1.2)
0

Table 3 Subgroup analysis of the diagnostic yield of capsule
endoscopy or single-balloon enteroscopy in patients with
obscure gastrointestinal bleeding or non-bleeding patients
Diagnostic yield (%)
CE
SBE

70.5
72.5

43.8
68.9

P value
< 0.01
0.534

tended to be greater using SBE compared with CE
(68.9% vs 43.8%, P < 0.01) (Table 3).

Figure 1). The diagnostic yield of CE in patients with
OGIB was greater than that in those with no bleeding
(70.5% vs 43.8%, P < 0.01) (Table 3). For eight
patients, capsules were retained at the lesion sites,
leading to a capsule-retention rate of 2.0%. Five of
these patients were diagnosed with CD, two were
diagnosed with lymphoma, and another patient had
diverticulum with ulceration. Retained capsules were
subsequently removed via surgery. We also examined
whether there was any difference between the OMOM
system and MiroCam system. Complete visualization
of the small bowel was achieved in 72.4% (197/272)
with OMOM and 78.8% (104/132) with MiroCam
(P = 0.169). The overall diagnostic yield for small
bowel diseases was 57.2% (155/271) by OMOM CE
and 60.8% (79/130) by MiroCam (P = 0.497). The
results showed no significant difference with regards
to the rates of complete small-bowel examination or
diagnostic yields between MiroCam and OMOM capsule
endoscopy (Supplementary Table 1).

A total of 419 SBE procedures were performed in
353 patients: 98 anterograde and 321 retrograde
procedures were conducted, as well as 24 combined
anterograde and retrograde SBEs. No adverse events
occurred during or after these procedures. The
mean examination time was 65.5 min ± 26.6 min
(15-120 min). The overall diagnostic yield for small
bowel disease by SBE was 69.7% (246/353). The
main findings were as follows: mucosal erosion and
superficial ulceration in 111 patients (45.1%), CD
in 86 (35.0%), angiodysplasia in 21 (8.5%), and
masses (tumors and polyps) in 26 (10.6%). Other
ﬁndings were diverticulum (1.2%, 3/246) and parasites
(0.4%, 1/246) (Table 2, Supplementary Figure 2). The
diagnostic yield for small bowel diseases by SBE was
greater than that by CE (69.7% vs 57.6%). There was
no significant difference in the diagnostic yield of SBE
between patients with OGIB and those with no bleeding
(72.5% vs 68.9%, P = 0.534). In a subgroup analysis,
the diagnostic yield for OGIB by SBE was similar to by
CE (72.5% vs 70.5%). In addition, the diagnostic yield
for small bowel diseases in patients with no bleeding
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Non-bleeding

OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy; SBE:
Single-balloon enteroscopy.

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy.

SBE

OGIB

CE combined with SBE

Forty-seven patients underwent CE (including 30 with
OGIB, 11 with abdominal pain, 1 with diarrhea, and 5
with weight loss) and were subsequently subjected to
SBE. The small intestinal findings on SBE in patients
with negative evaluation or definite findings on CE are
shown in Table 4. Of 47 patients, 45 had positive fin
dings by CE examination followed by SBE and 42 had
positive findings by SBE examination. The diagnostic
yield of SBE with findings on prior CE was 93.3%
(42/45), which was a high diagnostic yield. Two cases
of superficial ulcer and mucosal erosion that were
missed by CE were found by SBE. However, CE also
detected one mass and two cases of CD that were not
detected by SBE.

DISCUSSION
Current options for diagnosing small bowel diseases
include push enteroscopy, CE, DBE, SBE, and intra
operative enteroscopy. Push enteroscopy has a limited
depth of insertion. Intraoperative enteroscopy is the
most invasive method and its use has diminished
with the development of CE and BAE. CE is widely
used to screen for various small bowel diseases,
but is limited by a lack of therapeutic ability, as well
as imprecise localization and the required collection
of biopsy specimens. DBE is a deep enteroscopy
technique that overcomes these shortcomings, but
has the disadvantages of complex preparation and
handling procedures. SBE was recently introduced
as an alternative deep enteroscopy technique, with
some studies demonstrating that it can provide a
high diagnostic yield and enable therapeutic inter
[9-12]
ventions
. In the present study, the diagnostic yield
of SBE for small bowel diseases was 69.7%, which
suggests that SBE has a high diagnostic yield. However,
previous studies showed the complete visualization
rate of the small bowel using SBE was lower than when
using DBE; the rate of complete enteroscopy using DBE
[13]
was 40%-80%, while using SBE was 0%-25% . This
indicated that CE, DBE, and SBE all have advantages
and limitations. It is therefore important to select the
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Table 4 Identification of positive findings on prior capsule endoscopy or single-balloon enteroscopy
Findings

CE: negative diagnosis

CE: definite diagnosis

CE: definite diagnosis

SBE: definite diagnosis

SBE: definite diagnosis

SBE: negative diagnosis

Angiodysplasia
Erosion and superficial ulcer
Mass
Crohn’s disease
Parasites

9
18
3
11
1

2

1
2

CE: Capsule endoscopy; SBE: Single-balloon enteroscopy.

appropriate diagnostic algorithms when small bowel
disease is suspected, and should be made on a caseby-case basis and dependent on clinical scenario,
diagnostic yield, involved risks, availability, and patient
preference.
In this study, OGIB was a common indication for
small bowel endoscopy. Unless contraindicated, CE is
recommended as the initial diagnostic test for patients
[14]
with suspected OGIB , as it is minimally invasive,
easily tolerated, and can theoretically visualize the
entire small bowel. Here, the diagnostic yield of CE for
small bowel abnormalities in patients with OGIB was
70.5%, with this result being supported by previous
[15,16]
studies
. CE and BAE are also considered comple
mentary procedures for the evaluation and treatment
[17-20]
of OGIB
. Previous studies have supported using
the non-invasive CE technique for patients with OGIB,
[21]
with a subsequent DBE examination if necessary . In
the present study, CE found small bowel lesions in 30
patients with OGIB who were subsequently subjected
to SBE. Twenty-eight patients had confirmed diagnosis
by SBE examination. If false-negative rates were
considered, our data suggested that both SBE and CE
did miss some lesions. This study supports the belief
that CE evaluation should remain the preferred initial
strategy for patients with OGIB because of its relative
non-invasiveness and acceptable diagnostic yield.
However, SBE is useful in cases in which the CE result
is ambiguous and further examination or a biopsy is
required. For patients with no bleeding, previous studies
have not detected a difference between DBE and CE in
[22]
identifying small bowel abnormalities . However, we
found that for identifying small bowel abnormalities in
patients with no bleeding, the diagnostic yield of SBE
was higher than that of CE (68.9% vs 43.8%).
SBE has the potential to become a useful technique
for deep enteroscopy, as it has a reasonable depth
of insertion, can be administered using standard
conscious sedation, and can be used with existing
endoscopy systems. In addition, the SBE technique is
easy to learn and can be rapidly incorporated into an
[23,24]
endoscopy unit
. In our study, SBE generated a
high diagnostic yield for small bowel diseases (overall
diagnostic yield, 69.7%), as well as for patients with
OGIB and those without bleeding (72.5% vs 68.5%). A
previous study recommended an initial CE examination
[7]
that should be followed by DBE if necessary . Here,
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we combined CE and SBE techniques to detect small
bowel diseases and found that 45 patients had positive
findings by CE examination followed by SBE, and 42
patients had positive findings by SBE examination.
The diagnostic yield of SBE with prior CE was 93.3%
(42/45), which was a high diagnostic yield.
In summary, SBE appears to be a safe and effective
method for diagnosing small bowel disease, especially
for patients with OGIB. CE followed by SBE represents
an especially effective strategy for determining the
cause of small bowel disease when findings from initial
CE examinations are indeterminate.

COMMENTS
COMMENTS
Background

The diagnosis of small bowel diseases was difficult until the advent of capsule
endoscopy (CE) and balloon-assisted enteroscopy (BAE). Both CE and BAE
were reported to have similarly high diagnostic yields of small bowel disorders.
Single balloon enteroscopy (SBE), which is an alternative technique of double
balloon enteroscopy (DBE) for examining the deep small bowel, is simpler and
easier to handle. There is limited data on the role of CE, both in comparison
and combination with SBE, in the assessment of small bowel diseases.

Research frontiers

In this study, the authors aimed to evaluate the diagnostic yields associated
with CE, SBE, or their combined use in patients with suspected small bowel
diseases, as well as demonstrate the appropriate selection for different small
bowel diseases.

Innovations and breakthroughs

This study was a single-center experience in China involving 700 patients who
underwent CE and/or SBE. The diagnostic yield difference in detecting small
bowel diseases between CE and SBE was evaluated. The diagnostic yields
of different indications and findings of CE and/or SBE were analyzed in detail.
At the same time, the advantage of SBE combined with prior CE was also
evaluated.

Applications

Both CE and SBE have high diagnostic yields of small bowel disorders. SBE
has a similar diagnostic yield for patients with obscure gastrointestinal bleeding
and a higher diagnostic yield with non-bleeding compared with CE. CE followed
by SBE represents an especially effective strategy for determining small bowel
disease.

Terminology

CE refers to a miniature capsule-shaped camera that takes multiple pictures
as its passes through the small intestine. SBE is a method of enteroscopy that
can lead to the observation of the small intestine via the mouth or anus with the
help of a balloon attached to the distal end of a soft overtube.
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Abstract

Informed consent statement: All volunteers provided written
informed consent before any study-specific procedures or
assessments were performed.

AIM
To determine the effects of Lactobacillus acidophilus
NCFM on irritable bowel syndrome (IBS) symptoms and
quality of life (QoL).

Conflict-of-interest statement: Anna Lyra, Julia Tennilä,
Anneli Tarpila, Sampo Lahtinen, and Arthur C Ouwehand are
present or former employees of the sponsor, DuPont Nutrition

METHODS
In this randomized triple-blind trial, adult IBS volunteers
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who were recruited according to Rome Ⅲ criteria
9
10
received 10 or 10 colony-forming units of NCFM or
placebo daily for 12 wk. IBS Symptom Severity Score
(IBS-SSS), which constituted the primary outcome,
and secondary outcomes, including individual IBS
symptoms, IBS-related QoL questionnaire, anxiety and
depression, defecation frequency, and stool consistency,
were assessed at baseline at the end of the 8-wk runin period, after 4 and 12 wk of intervention, and after a
4-wk washout.
RESULTS
A total of 340 of 391 randomized volunteers completed
the trial. IBS-SSS improved over 12 wk of treatment
in all treatment groups, decreasing by a mean ±
SD of 44.0 ± 80.2, 50.8 ± 82.4, and 48.3 ± 72.2 in
the placebo, active low-dose, and active high-dose
groups, respectively. Similarly, secondary outcomes
did not differ between treatment groups. However,
in a post hoc analysis of volunteers with moderate to
severe abdominal pain at baseline (VAS > 35/100),
the treatment significantly reduced the sensation of
abdominal pain. Pain scores fell by 20.8 ± 22.8, 29.4 ±
17.9, and 31.2 ± 21.9 in the placebo, active low-dose,
and active high-dose groups, respectively (P value for
placebo vs combined active doses = 0.0460).
CONCLUSION
NCFM alleviates moderate to severe abdominal pain,
consistent with earlier observations of this strain
mitigating visceral pain through increased analgesic
receptor expression.
Key words: irritable bowel syndrome; functional
bowel disorder; symptom questionnaire; quality
of life; visceral pain; abdominal pain; Lactobacillus
acidophilus ; probiotic; intervention
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Symptoms of irritable bowel syndrome (IBS)
might benefit from probiotic interventions, although
mechanistic insights into probiotic function are seldom
available. Lactobacillus acidophilus NCFM induces
human colonic mucosal opioid receptor expression - the
putative mechanism by which visceral pain is alleviated.
In this study, 391 volunteers with IBS were treated
9
10
with 10 or 10 colony-forming units of NCFM or
placebo and evaluated using symptom questionnaires.
NCFM was not superior to placebo in improving the
composite IBS symptom score, whereas abdominal pain
- as an individual symptom - declined in IBS volunteers
with moderate to severe pain at baseline.
Lyra A, Hillilä M, Huttunen T, Männikkö S, Taalikka M, Tennilä J,
Tarpila A, Lahtinen S, Ouwehand AC, Veijola L. Irritable bowel
syndrome symptom severity improves equally with probiotic
and placebo. World J Gastroenterol 2016; 22(48): 10631-10642
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INTRODUCTION
With a prevalence of 5% to 16% in northern Europe,
irritable bowel syndrome (IBS) imposes considerable
[1,2]
health care costs on society
. IBS affects adult
[2]
age groups evenly but is more common in women .
According to the European Food Safety Authority, IBS
volunteers can be recruited as an appropriate group
for studying bowel discomfort symptoms that also
[3]
affect the general population , allowing the results to
be extrapolated to a wider potential market.
A host’s gastrointestinal (GI) microbiota can
contribute to IBS etiology and symptomology through
changes in bacterial abundance and fermentation
products, lower diversity, and instability over time,
which are associated with increased epithelial
permeability, aberrations in immunity and brain-gut
[4-7]
interactions, and altered GI neuromuscular function .
Thus, manipulation of the GI microbiota with probiotics
[4,8]
is a putative therapeutic option for IBS
.
Probiotics, defined as “live microorganisms that,
when administered in adequate amounts, confer a
[9]
health benefit on the host” , have shown efficacy
in selected randomized clinical trials in relieving IBS
[10-12]
symptoms and are generally well tolerated
.
However, the quality of several probiotic intervention
studies has been limited due to inadequate sample
sizes and intervention periods, poor trial design, and
[13]
undefined or unstable probiotic products . Moreover,
each strain or combination of strains and each dose
[9,10]
requires a separate clinical trial to show efficacy
.
Our aim was to perform a high-quality, randomized,
triple-blind, and placebo-controlled dose-response
clinical trial of 3 statistically adequately sized parallel
groups. The supplement that we examined is a wellcharacterized and stable probiotic strain, mechanistic
studies of which have reported putative efficacy in
alleviating visceral pain. Lactobacillus acidophilus NCFM
increases the visceral pain threshold in a rat model by
[14]
44% through the opioid pathway
and upregulates
[15]
μ-opioid receptor (MOR) in humans .
Participant-reported severity of functional bowel
symptoms, however, has merely been evaluated for
a high-concentration combination of L. acidophilus
NCFM and Bifidobacterium animalis subsp. lactis
[16]
Bi-07 , which is significantly less effective in increasing
[15]
MOR expression than L. acidophilus NCFM alone .
Therefore, assessment of the clinical effects of L.
acidophilus NCFM as a single-strain supplement for
functional bowel symptoms, including visceral pain,
9
10
was essential. Two doses, 10 and 10 colony-forming
units (CFU), were selected as clinically adequate and
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applicable for use in consumer products.

MATERIALS AND METHODS
Study volunteers

This trial was performed at 2 private clinics in Helsinki
and Turku, Finland, from October 2012 to November
2014. Newspaper and radio advertisements, followed
by prescreening phone calls, were used to invite
potential eligible volunteers to screening visits that
were held by gastroenterologists who were experienced
in functional bowel disorders, including IBS. The re
cruited volunteers were adults (18-65 years) who were
[17]
diagnosed with IBS according to Rome Ⅲ criteria .
Volunteers who suffered from severe IBS symptoms
were excluded due to the use of medications (strong
pain medication, diarrhea medication, and laxatives)
that might have confounded the primary outcome
measure. Other inclusion criteria were sufficient general
health and orientation for participation in the study,
adequate Finnish language skills for being interviewed
and completing questionnaires, high likelihood of
compliance with and completion of the study, and a
body mass index (BMI) between 19 and 35.
Volunteers were excluded if they had participated
in a clinical trial with an investigational product (IP) or
drug within 3 mo prior to the screening, were likely
to be noncompliant with the protocol or judged to be
unsuitable for study participation by the investigator
for any reason, were planning major changes in
lifestyle (e.g., diet, dieting, exercise level, travel), had
a history of drug or alcohol abuse, were pregnant or
breastfeeding, were diagnosed with or suspected of
having organic GI disease (e.g., colitis, Crohn’s disease,
celiac disease, bowel surgery, recurrent diverticulitis), or
had severely impaired general health, including cancer
and cancer therapy. Lactose-intolerant volunteers were
allowed to enter the trial if they followed a non lactose
diet. Any previous allergic reaction to any substance
in the study product was also considered an exclusion
criterion.
Medications that could affect the outcomes, including
anticholinergic medications, antibiotics (including
use during the 3 mo prior to the start of the study),
pain medications that contained opiates or morphine,
weight loss medication, misoprostol, 5-HT3 receptor
antagonists, antacids with magnesium or aluminum,
diarrhea medication, medication that accelerates the
emptying of the stomach, sulfasalazine, laxatives,
cholestyramine, cytostatics, biological medications,
oral steroids (3 mo prior to and during the study), and
probiotic products, excluded subjects from participation
in the trial. Iron supplements, antidepressants, fiber
supplements, statins, thyroxine, coxibs, acid medication,
inhaled steroids, and other non excluding medications
that did not affect outcome measures in the clinician’
s opinion were allowed during the trial if they had been
consumed for at least 30 d at the same dose.

WJG|www.wjgnet.com

During the screening visit, thorough demographic
data were collected, including lifestyle habits, diet,
medical history, and family history of GI disturbances.
Screening safety blood tests included a basic blood
count, C-reactive protein (CRP), celiac test, lactase
gene test, and thyroid-stimulating hormone for con
stipated IBS volunteers. The test results complied with
the inclusion and exclusion criteria and were clinically
within normal-range values according to the recruiting
gastroenterologists.

Study design

The trial was a randomized, triple-blind (volunteers,
investigators, and statisticians blinded), placebocontrolled, dose-response intervention to determine
the efficacy of a probiotic supplement in reducing
[18]
IBS Symptom Severity Score (IBS-SSS) . The trial
comprised an 8-wk run-in period, a 12-wk intervention
phase, and a 4-wk washout period (Figure 1). Outcome
measures were assessed using questionnaires, and
adverse events (AEs) were recorded through phone
calls. Volunteers who withdrew were not replaced.
The primary outcome was the change in IBS-SSS
from baseline at the end of the run-in period to after
[18]
12 wk of treatment . IBS-SSS is a composite score of
abdominal pain, number of days with abdominal pain,
bloating/distension, satisfaction with bowel habits,
and IBS-related quality of life (QoL). Each measure is
rated from 0 to 100, with total scores ranging from 0
[19,20]
to 500. Based on previous trials
, a 15% change in
the IBS-SSS was determined to be clinically significant
in measuring efficacy. QoL was evaluated with a
thorough 34-item IBS-related QoL questionnaire (IBSQoL), analyzed as a total score and as subscales on
dysphoria, interference with activity, body image,
health-related worries, food avoidance, social rea
[21]
ctions, sexuality, and relationships . Psychological
comorbidities were evaluated with the Hospital Anxiety
[22]
and Depression Scale (HADS) questionnaire .
IBS-SSS, IBS-QoL, and HADS data were collected
at the end of the run-in, after 4 and 12 wk of treatment,
and after the 4-wk washout. Weekly bowel movement
frequency and consistency were recorded prior to
each outcome assessment time point with an inhouse questionnaire, based on the Bristol Stool Form
[23]
Scale . For analysis, stool consistencies were grouped
into constipation (Bristol Scale 1 or 2), diarrhea (Bristol
Scale 6 or 7), and normal (Bristol Scale 3, 4, or 5).
Overall satisfaction with the treatment with regard
to IBS symptoms was measured with a dichotomous
[24]
adequate relief (AR) question . The volunteers
were instructed to compare AR from IBS symptoms
during the past week to their symptom severity prior
to consuming IPs. Volunteers who reported AR for at
least half of the intervention weeks were considered to
be responders. AR data were collected throughout the
12-wk intervention.
Prior to each visit (end of run-in, week 4, week 12,
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Run in 8 wk
Week

Intervention 12 wk

-8

0

Wash-out 4 wk

12

4

16

Pre-screening and screening
Base-line measurements and randomization
Phone contact to enquire AEs and to remind of questionnaires to be answered
Begin of 7-d defecation frequency and stool consistency data collection
IBS-SSS, IBS-QoL and HADS questionnaires filled
End of defecation frequency and stool consistency data collection

Figure 1 Study outline. Volunteers were selected for screening visits by a prescreen for compliance over the phone. Eligible volunteers entered an 8-wk run-in
period without any investigational product (IP) consumption and were thereafter randomized to receive low- or high-dose active IP or a placebo IP for 12 wk. The
intervention period was followed by a 4-wk washout period without any IP consumption. Preceding each time point (weeks 0, 4, 12, and 16), volunteers recorded their
stool consistency during each defecation event for 7 d. At each time point, questionnaires [Irritable Bowel Syndrome Symptom Severity Score (IBS-SSS); IBS-related
Quality of Life (IBS-QoL); Hospital Anxiety and Depression Score (HADS)] were filled out. All volunteers were contacted by phone prior to each sampling time point to
inquire about adverse events (AEs) and to remind of the sampling procedures.

and end of washout), research nurses contacted the
volunteers by phone to inquire about AEs and remind
them of the sampling time point procedures.

registered at Clinicaltrials.gov under the identifier
NCT01728610.

Study treatment

Case report forms were 100% monitored and doubleentered independently into a database that was
®
created with SAS . Queries were raised in cases of
illegible, missing, or inconsistent data. All discrepancies
were resolved before the database was locked.
Data management and statistics were performed by
4Pharma Ltd.

The IPs were administered orally in 1 daily capsule that
9
10
contained 10 (low dose) or 10 (high dose) CFU of L.
acidophilus NCFM (ATCC 700396), with microcrystalline
cellulose as the excipient or microcrystalline cellulose
as placebo. All treatments were supplied by Danisco
USA (Madison, Wisconsin, United States). The formu
lations of all 3 treatments were similar in smell, taste,
and appearance. The IPs were stored at -20 ℃ until
they were distributed to the clinics, where they were
refrigerated below 6 ℃. Volunteers were allowed to
store the IPs refrigerated or at room temperature. The
CFU counts were checked in the active and placebo
products during and after the trial.

Laboratory measures

Screening safety tests were performed by certified
clinical laboratories of the private clinics Mehiläinen
Töölö (Helsinki, Finland) and Mehiläinen Turku (Turku,
Finland).

Compliance testing

Volunteers received 84 capsules and were instructed
to return the container after the 84-d treatment
period. Leftover capsules were counted to estimate
compliance.

Ethical considerations

This study was conducted according to the 2008
Sixth Revision of the Declaration of Helsinki, the EMA
Note for Guidance on Good Clinical Practice (CPMP/
ICH/135/95 - in operation 17.01.97), and laws and
regulations for clinical research in Finland. Written
informed consent was obtained from each volunteer
before any study-specific procedures. The trial was
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Data quality assurance

Statistical analyses

Determination of sample size: The primary analysis
variable was the change in IBS-SSS from baseline
to week 12. Baseline levels were estimated to be
approximately 250 (halfway on the 0-500 scale).
A difference of 15% - i.e., 37.5 points - was used
[20]
in the sample size calculation . Using 80% power
and a 2-sided alpha level of 0.05, the sample size
was calculated to be 104 for each group. Taking into
account a discontinuation rate of 20%, approximately
390 patients were needed for randomization. The
sample sizes were calculated using NQuery Advisor,
version 7.0.
Analysis sets: The intent-to-treat dataset (ITT)
included all randomized volunteers who received at
least 1 dose of the IP and had at least 1 post baseline
efficacy measurement available. The per protocol
dataset (PP) was a subset of the ITT dataset, excluding
volunteers and measurements for a given volunteer
with major protocol violation(s) or concomitant
medication use that was expected to alter the primary
outcome. Volunteer classification into the ITT and PP
populations was detailed after locking the database
and completed before the study was unmasked. In
addition, post hoc analyses of volunteers with IBS-SSS
pain score VAS > 35/100 were performed.
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Randomization: Volunteers were randomized at
the end of the 8-wk run-in phase, because the long
run-in period created risk of a high dropout rate.
Randomization was performed with Research Ran
[25]
domizer , applying non repeating numbers in blocks
of 6. Volunteers, investigators, statisticians, and
monitors were blinded until the database was locked
and the Statistical Analyses Plan was completed. The
clinics were supplied with sealed, volunteer-specific
envelopes for revealing the randomization code, if
required by the investigators. None of the envelopes
was opened during the trial.
Analysis of efficacy: Descriptive statistics for all
variables were computed, and the disposition of
volunteers was summarized by treatment. The primary
efficacy variable (change in IBS-SSS from baseline)
was analyzed using a repeated measures analysis of
covariance (RM ANCOVA) model. The differences (low
dose vs placebo and high dose vs placebo) in changes
from baseline in IBS symptom score at 12 wk and their
95%CI were estimated with the RM ANCOVA model.
Explorative comparisons were performed for high dose
vs low dose and combined active group vs placebo and
for within-group changes from baseline.
The individual domains of the IBS-SSS were
analyzed with a similar RM ANCOVA model that was
applied for IBS-SSSs. A logistic regression model was
used to compare treatment groups against placebo
for AR responder status. Changes in HADS and IBSQOL scores from baseline were analyzed using an RM
ANCOVA model. The stool consistencies (Bristol Stool
Form) and defecation frequencies were summarized
descriptively. Simple t-test was used in the post
hoc analyses of subgroups (e.g., pain score VAS >
35/100).
All statistical analyses and volunteer data listings
were performed at 4Pharma Ltd using SAS, version 9.3
(SAS Institute Inc., Cary, NC, United States).
Safety analyses: All randomized volunteers who
received the study treatment were included in the
safety analysis. AEs were counted by volunteer, event,
type, treatment, severity, and causality. Each symptom
of an AE or serious adverse event (SAE) case was
recorded separately.
The statistical methods were reviewed by statistician
Teppo Huttunen, 4Pharma Ltd.

RESULTS
Altogether, 618 volunteers were prescreened by
telephone interview for compliance with the inclusion
and exclusion criteria, and thereafter, the eligibility
of 529 potential volunteers was confirmed by gastro
enterologists. A total of 471 volunteers entered the
trial, of whom 391 were randomized after the 8-wk runin phase, with 340 (87%) completing the trial (Figure 2).

WJG|www.wjgnet.com

The results are presented for the ITT dataset; those for
the PP dataset were comparable.

Demographics and baseline characteristics

The volunteers from Helsinki (n = 276; 34 dropouts)
and Turku (n = 115; 17 dropouts) were randomized
evenly to the 3 treatments. The treatment groups
were comparable with regards to age, sex, BMI, and
lifestyle habits, including type of diet, exercise level,
alcohol consumption, smoking (Table 1), and IBS
symptom characteristics (Table 2). All groups were
predominantly female (71.8% to 79.4% female), and
men had a higher BMI (60.6% and 36.6% of male
and female volunteers, respectively, had a BMI > 25).
All findings on vital signs and the safety blood tests
taken at screening were evaluated for their clinical
significance in relation to the inclusion and exclusion
criteria.

Prior and concomitant medications

Prior and concomitant medications for the alimentary
tract, pain, and anxiety/depression were recorded,
with gastroenterologists evaluating any putative bias
of them on efficacy measures. The most common
medications used before and during the study were
drugs for gastric acid disorders, nonsteroidal antiinflammatory drugs, and antidepressants/anxiolytics.
Also, 36 volunteers were on thyroxine medication due
to hypothyreosis.

IP quality check and compliance

The L. acidophilus NCFM CFU count was confirmed
to be adequate for both active treatment doses (>
10
9
1.04 × 10 and > 9.8 × 10 CFU/capsule for the high
and low doses, respectively). For the placebo, the L.
2
acidophilus NCFM count was below < 3.2 × 10 CFU/
capsule. According to the number of returned capsules
95%, 95%, and 94% of IP capsules were consumed
in the placebo and low-dose and high-dose treatment
groups, respectively.

Efficacy

The IBS-SSS improved significantly from baseline to
the end of the intervention by a mean ± SD of 44.0
± 80.2, 50.8 ± 82.4, and 48.3 ± 72.2 in the placebo,
low-dose, and high-dose groups, respectively (P <
0.001 for all groups), with no significance between
the placebo and active groups (Figure 3). Results
for individual IBS-SSS item scores were comparable
between groups (Table 3). However, in a post hoc
analysis of a subgroup of volunteers who suffered
from moderate to severe pain (pain score VAS >
35/100 at baseline), L. acidophilus NCFM significantly
reduced abdominal pain in the combined active groups
compared with placebo (Table 4).
During the intervention period, 28.4%, 25.0%, and
26.5% of volunteers considered their IBS symptoms
to have been adequately relieved with the placebo,
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n = 618
Pre-screened
(89 cancellations or failures)

n = 471
Eligible volunteers
entered trial
n = 80
Drop-outs before
randomization

n = 529
Screened
(58 screening failures)

n = 391
Randomized and
received double-blind
treatment

n = 131

n = 115
Completed

n = 16
Withdrawn

n = 131
High-dose

n = 129
Low-dose

Placebo

n = 112
Completed

Adverse event (3)
Lost to follow-up (2)
Other (2)
Protocol violation (3)
Withdrawal of consent (6)

n = 17
Withdrawn

n = 113
Completed

Adverse event (4)
Lost to follow-up (3)
Other (4)
Protocol violation (1)
Withdrawal of consent (5)

n = 18
Withdrawn

Adverse event (10)
Lost to follow-up (0)
Other (3)
Protocol violation (1)
Withdrawal of consent (4)

Figure 2 Disposition of volunteers. During the 8-wk run-in period prior to randomization, 17% of eligible volunteers dropped out. After randomization, most
volunteers (87%) completed the trial. Withdrawals were evenly distributed between treatment groups. Low- and high-dose treatment groups received 109 or 1010 CFU
Lactobacillus acidophilus NCFM daily.

Table 1 Baseline demographics mean ± SD or n (%)
Characteristics
Age (yr)
Gender
Male
Female
BMI (kg/m2)
Diet
Low-carbohydrate
Vegetarian
Non-lactose
Regular
Probiotics
Daily user
Irregular user
History of using
No use
N/A
Exercise level
> 30 min 3 times a week
≤ 30 min 3 times a week
No exercise
Alcohol consumption
> 14 units/wk
≤ 14 units/wk
Non-drinker
Tobacco smoking
Current use
Never used
History of use
Drug abuse
Never used
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Placebo (n = 131)

Low-dose (n = 129)

High-dose (n = 131)

49.4 ± 12.9

47.1 ± 13.3

47.2 ± 12.5

37 (28.2)
94 (71.8)
24.9 ± 3.7

35 (27.1)
94 (72.9)
24.7 ± 3.7

27 (20.6)
104 (79.4)
24.5 ± 3.9

2 (1.5)
1 (0.8)
26 (19.8)
77 (58.8)

0 (0.0)
2 (1.6)
32 (24.8)
63 (48.8)

0 (0.0)
0 (0.0)
26 (19.8)
67 (51.1)

24 (18.3)
18 (13.7)
65 (49.6)
23 (17.6)
1 (0.8)

25 (19.4)
17 (13.2)
62 (48.1)
25 (19.4)
0 (0.0)

18 (13.7)
29 (22.1)
66 (50.4)
18 (13.7)
0 (0.0)

62 (47.3)
57 (43.5)
12 (9.2)

63 (48.8)
56 (43.4)
10 (7.8)

59 (45.0)
63 (48.1)
9 (6.9)

1 (0.8)
96 (73.3)
34 (26.0)

0 (0.0)
90 (69.8)
39 (30.2)

0 (0.0)
90 (68.7)
41 (31.3)

11 (8.4)
80 (61.1)
40 (30.5)

11 (8.5)
86 (66.7)
32 (24.8)

14 (10.7)
88 (67.2)
29 (22.1)

131 (100)

129 (100)

131 (100)

10636

December 28, 2016|Volume 22|Issue 48|

Lyra A et al . Probiotic intervention on IBS symptoms
Table 2 Irritable bowel syndrome symptom characteristics n (%)

IBS subtype
IBS-C
IBS-D
IBS-M
IBS-U
Postinfectious IBS
Psychological comorbidities
Symptoms provoked by specific food
Family history of intestinal disorders or diseases

Placebo (n = 131)

Low-dose (n = 129)

High-dose (n = 131)

25 (19.1)
49 (37.4)
56 (42.7)
1 (0.8)
9 (6.9)
9 (6.9)
103 (79.8)1
95 (72.5)

20 (15.5)
51 (39.5)
58 (45.0)
0 (0.0)
4 (3.1)
6 (4.7)
116 (89.9)
97 (75.2)

20 (15.3)
52 (39.7)
58 (44.3)
1 (0.8)
7 (5.3)
13 (9.9)
120 (91.6)
92 (70.8)2

1

Two volunteers not analysed; 2One volunteer not analyzed. IBS: Irritable bowel syndrome.

IBS symptom severity score

500

Safety results

Placebo
Low-dose
High-dose

400
300
200
100
0

Baseline

Week 4

Week 12

End of study

Visit

Figure 3 Irritable bowel syndrome symptom severity score over time. IBSSSS is a 5-item composite score inquiring about the severity of abdominal pain,
bloating/distension, satisfaction with bowel habits, and IBS-related quality of life
on a 10-cm VAS scale and the number of days with abdominal pain over the
past 10 d[18]. All items are scored from 0 to 100, allowing for IBS-SSSs to range
from 0 to 500. Francis and colleagues have validated non-IBS controls and
volunteers suffering from mild, moderate, and severe IBS symptoms to range
between 0-75, 75-175, 175-300, and 300-500, respectively[18]. The composite
symptom score declined similarly in all treatment groups during the intervention,
showing no treatment effect for the active groups (low-dose and high-dose)
receiving Lactobacillus acidophilus NCFM. The severity scores are given as
mean ± SD. Differences from baseline to week 12 were not significant between
treatment groups. All within-group comparisons to baseline (week 4, week 12,
and washout) were significant (P < 0.001). IBS-SSS: Irritable bowel syndrome
symptom severity score; IBS: Irritable bowel syndrome.

AEs were evenly distributed in all groups, with 81, 57,
and 61 AEs recorded during the treatment period in the
placebo, low-dose, and high-dose treatment groups,
respectively. The most common treatment-emergent
AEs were GI disorders (abdominal discomfort, ab
dominal distension, abdominal pain, constipation,
diarrhea, flatulence), gastroenteritis, and influenza.
Potentially IP-related AEs - mild GI symptoms, which
might also have been due to all volunteers having IBS
that presented with similar symptoms - were recorded
for 7, 7, and 9 volunteers in the placebo, low-dose,
and high-dose treatment groups, respectively.
AEs led to discontinuation 10, 4, and 3 times in
the high-dose, low-dose, and placebo groups, re
spectively, but these cases were not considered IPrelated safety issues, based on the possibility of the
IP-related cases being general IBS symptoms. Two
SAE cases that presented with 3 symptoms were
encountered: pneumonia with fever and cough and a
case of syncope that resulted in a hospital visit; neither
was associated with the IP or any trial procedure. The
case of pneumonia, which involved hospitalization and
antibiotic treatment, led to discontinuation.

DISCUSSION
low-dose, and high-dose treatments, respectively
(P = 0.8371 between groups by logistic regression).
The IBS-QoL reflected a higher QoL at the end of the
intervention in all treatment groups (Table 5), although
neither active treatment dose was superior to placebo.
The HADS total score declined significantly from
baseline to the end of the intervention in both active
treatment groups, HADS anxiety improved significantly
in all treatment groups, but HADS depression improved
significantly only in the high-dose group. However, none
of the between-group comparisons reached statistical
significance, although total HADS and HADS anxiety
were slightly lower in the high-dose group compared
with placebo (Table 5).
None of the treatments had undesired effects on
stool consistency (Table 6).
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This study is the first adequately powered clinical
trial to determine the effects of L. acidophilus NCFM
on IBS symptoms using patient-reported outcomes.
[26]
The L. acidophilus NCFM strain is well characterized
and has been commercially available as a probiotic
for several decades. It has been associated with the
alleviation of the perception of visceral pain as a
2-strain blend with B. lactis Bi-07 in volunteers with
[14,15,27]
bloating and among colonoscopy patients
. In a
mechanistic study, however, L. acidophilus NCFM, as
a single-strain supplement, was more effective than
the combination in enhancing human colonic MOR
expression and activity, although both treatments
[15,16]
relieved bowel symptoms, albeit insignificantly
.
L. acidophilus NCFM has been shown to elevate
the visceral pain threshold in a rat model by 44%
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Table 3 Irritable bowel syndrome symptom severity score item scores at baseline and end of intervention
Treatment

Baseline

n
mean ± SD
Severity of pain
Placebo
121
20.2 ± 20.6
Low-dose
124
24.1 ± 22.3
High-dose
122
24.3 ± 21.5
Number of days with pain over 10 d
Placebo
114
3.8 ± 2.8
Low-dose
115
4.4 ± 2.8
High-dose
121
4.1 ± 2.8
Bloating/Distension
Placebo
121
39.0 ± 28.0
Low-dose
122
40.5 ± 29.9
High-dose
122
37.1 ± 26.6
Satisfaction with bowel habits
Placebo
121
57.4 ± 22.6
Low-dose
124
59.4 ± 22.7
High-dose
122
55.0 ± 19.7
Interference of IBS with quality of life
Placebo
121
62.4 ± 17.0
Low-dose
124
60.8 ± 16.9
High-dose
122
59.8 ± 13.5

Week 12

Change from
baseline

Within-group
comparison

Comparison with Comparison with
placebo
low- and high-dose

n

mean ± SD

mean ± SD

P value

P value

P value

118
110
113

18.5 ± 20.7
18.3 ± 18.6
16.4 ± 17.8

-2.2 ± 21.8
-5.2 ± 24.4
-7.9 ± 21.8

0.024
0.005
< 0.001

NA
0.640
0.189

0.303
NA
NA

111
105
106

2.8 ± 2.8
3.3 ± 2.6
2.9 ± 2.4

-1.0 ± 2.7
-1.1 ± 2.9
-1.2 ± 2.5

< 0.001
< 0.001
< 0.001

NA
0.470
0.634

0.234
NA
NA

118
110
113

30.7 ± 25.6
31.0 ± 25.7
31.0 ± 27.3

-8.3 ± 23.6
-9.4 ± 29.6
-6.1 ± 25.8

< 0.001
< 0.001
0.002

NA
0.905
0.535

0.669
NA
NA

118
110
113

47.3 ± 24.2
46.3 ± 19.8
46.4 ± 22.6

-10.3 ± 21.4
-11.8 ± 22.4
-8.3 ± 23.3

< 0.001
< 0.001
< 0.001

NA
0.701
0.757

0.964
NA
NA

118
110
113

48.6 ± 22.1
50.1 ± 19.4
47.9 ± 16.5

-13.9 ± 20.3
-9.8 ± 16.5
-11.7 ± 13.6

< 0.001
< 0.001
< 0.001

NA
0.133
0.509

0.210
NA
NA

IBS: Irritable bowel syndrome.

Table 4 Change in pain score for volunteers with moderate or severe abdominal pain at baseline
Treatment
Placebo
Low-dose
High-dose

n
29
36
34

Baseline

Week 12

Change from baseline

Mean difference for combined active doses

mean ± SD

mean ± SD

mean ± SD

95%CI

51.1 (9.3)
53.6 (10.9)
52.1 (10.7)

30.3 (22.9)
24.4 (19.4)
21.9 (20.6)

-20.8 (22.8)
-29.4 (17.9)
-31.2 (21.9)

-9.5 (-18.8; -0.17)

through the MOR-mediated pathway with an efficacy
that is comparable with that of 1 mg/kg subcutaneous
[14]
morphine . Thus, there was tremendous interest in
determining the efficacy of L. acidophilus NCFM as a
single-strain supplement in mitigating functional bowel
symptoms.
The volunteer recruitment was successful, and the
trial completion rate and IP compliance were high.
All 391 randomized volunteers fulfilled the Rome
Ⅲ criteria for IBS, with an even distribution of IBS
subtypes and demographics between groups. Blood
tests were performed at the screening visit (basic
blood count and CRP) to rule out inflammatory causes
of the bowel symptoms. Most volunteers (57%) had
undergone a colonoscopy in the past due to chronic
GI symptoms to rule out organic or inflammatory
causes, but endoscopy was not performed during the
screening.
Based on a crossover trial that raised concerns
[28]
over the inadequate length of a 1-mo run-in period ,
all volunteers refrained from using any commercial
or trial-related probiotics over an 8-wk run-in period
to reduce any putative carryover effects. A total
of 83% of randomized volunteers had a history of
consuming commercial probiotics. The intervention
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P value

0.046

period was designed to last for 12 wk to follow up on
[10]
the efficacy and AEs for a sufficient period of time
and to limit the placebo effect toward the end of the
trial. Altogether, we recruited an adequate number of
reliably diagnosed, extensively examined volunteers
who were not using any concomitant medications or
supplements that could have affected outcomes. The
treatment was a well-characterized probiotic strain
that was supplemented in 2 common doses for an
adequately long intervention period.
However, in this trial, based on a composite score of
IBS symptom severity (IBS-SSS), L. acidophilus NCFM
was not superior to placebo. No significant differences
in the secondary outcomes were observed between
groups, and none of the outcomes showed a doseresponse effect. Nevertheless, in post hoc analyses of
a subgroup that presented with moderate to severe
abdominal pain at baseline (IBS-SSS pain score on
VAS > 35/100 at baseline; active groups combined vs
placebo), the level of abdominal pain declined in the
active groups at week 12. These data are consistent
with previous mechanistic findings of greater MOR
expression and activity during L. acidophilus NCFM
[14,15]
treatment in humans and rats
and earlier recovery
[27]
from colonoscopy-associated pain .
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Table 5 Change in irritable bowel syndrome-related quality of life and level of anxiety and depression (Hospital Anxiety and
Depression Score)
Treatment

Baseline

IBS-QoL
Placebo
Low-dose
High-dose
HADS total score
Placebo
Low-dose
High-dose
HADS-Anxiety
Placebo
Low-dose
High-dose
HADS-Depression
Placebo
Low-dose
High-dose

Week 12

Change from
baseline

Within-group
comparison

Comparison with Comparison with lowplacebo
and high-dose

mean ± SD

P value

P value

P value

7.0 ± 12.3
7.4 ± 12.3
8.5 ± 8.8

< 0.001
< 0.001
< 0.001

NA
0.812
0.238

0.412
NA
NA

n

mean ± SD

n

mean ± SD

121
124
122

66.4 ± 17.5
63.9 ± 19.0
68.2 ± 16.5

118
110
113

73.2 ± 19.0
71.6 ± 19.3
76.5 ± 15.8

119
122
118

9.2 ± 5.6
10.1 ± 5.7
9.7 ± 5.5

110
109
109

8.6 ± 6.6
9.2 ± 6.0
8.2 ± 5.8

-0.4 ± 4.3
-1.0 ± 4.4
-1.5 ± 3.9

0.302
0.034
< 0.001

NA
0.435
0.071

0.134
NA
NA

121
122
119

5.9 ± 3.5
6.1 ± 3.3
6.2 ± 3.3

114
109
109

5.3 ± 3.6
5.5 ± 3.1
5.0 ± 3.1

-0.4 ± 2.6
-0.6 ± 2.7
-1.0 ± 2.2

0.036
0.011
< 0.001

NA
0.726
0.099

0.246
NA
NA

119
124
119

3.4 ± 2.9
4.0 ± 3.0
3.5 ± 2.9

111
109
110

3.4 ± 3.6
3.7 ± 3.4
3.2 ± 3.1

0.0 ± 2.3
-0.3 ± 2.2
-0.4 ± 2.4

0.906
0.258
0.041

NA
0.376
0.125

0.162
NA
NA

HADS: Hospital anxiety and depression score; IBS-QoL: Irritable bowel syndrome quality of life.
[18]

Table 6 Change in stool consistency from baseline according
1
to Bristol stool scale n (%)
n
Placebo
Week 4
Week 12
Washout
Low-dose
Week 4
Week 12
Washout
High-dose
Week 4
Week 12
Washout
Total

Change to optimal from Change to constipation or
constipation or diarrhea
diarrhea from optimal

131
18 (13.7)
21 (16.0)
20 (15.3)

15 (11.5)
18 (13.7)
17 (13.0)

26 (20.2)
27 (20.9)
14 (10.9)

13 (10.1)
14 (10.9)
12 (9.3)

14 (10.7)
18 (13.7)
14 (10.7)
172 (44.0)

16 (12.2)
20 (15.3)
18 (13.7)
143 (36.6)

129

131

391

1

Bristol stool scale types 1 and 2 were classified as constipation; 3, 4, and 5
were classified as optimal stool consistency; and 6 and 7 were classified as
diarrhea.

IBS is associated with significant placebo effects,
in part due to the subjective nature of the outcome
measures (Shah and Pimentel, 2014). Our trial had
an 8-wk run-in period during which volunteers did not
consume any product (including placebo); thus, there
was no pre-randomization selection for high placebo
responders. The study products were administered
daily, which should be beneficial for minimizing a
placebo effect. However, the high frequency of contact
by research nurses might have heightened the placebo
response, although their attention and care were
targeted originally toward evaluating safety adequately
and ensuring high compliance with the protocol.
Our principal challenge was the significant placebo
effect, which was comparable with the efficacy of the
active treatments. A decrease of > 50 in IBS-SSS

WJG|www.wjgnet.com

indicates clinical improvement of symptoms . In the
present trial, the IBS-SSS decreased from 44.0 to
50.8 in the 3 different treatment groups suggesting
a borderline clinically significant effect. Similarly, IBSQoL scores corresponded to moderate symptom
severity at baseline vs mild symptom severity by
[21]
the end of treatment in all groups . Also, with the
AR questionnaire, the placebo was as effective as
the active treatment. Volunteers had had difficulty
comprehending whether the weekly AR question should
be referenced to the base-line period, as intended, or
to the previous calendar week. Thus some participants
compared consecutive intervention weeks rather than
treatment to baseline in the AR questionnaire.
HADS was applied to subgroup participants by
psychological comorbidity which has previously been
[29]
associated with characteristics of intestinal microbiota .
Statistically significant reductions in HADS were
observed in the active treatment groups. However,
these changes were small and likely of no clinical
relevance; further, the prevalence of anxiety and
depression was low, and for all treatment groups
HADS averages throughout the study were at normal
[22]
levels . No subgroup analyses were implemented.
Nevertheless, the changes in HADS indicate a target
for future study in a more appropriate population.
Changes in stool consistency are not unexpected
[30]
for an IBS population , and none of the treatments
appeared to cause undesirable alterations in stool
form. Defecation frequencies were close to normal
limits, suggesting that diarrhea and constipation in IBS
volunteers are subjective phenomena that are related
to defecation events, rather than a result of hard stool
and slow transit or loose stool and accelerated transit.
Thus recruitment of all IBS symptom subtypes is
justifiable.
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Selecting volunteers from only 1 IBS symptom
subgroup or setting a threshold for baseline symptom
[31]
severity as applied by Sisson and colleagues
can reduce variation in the response to treatment.
However, our objective was to recruit IBS volunteers
[3]
as a representation of the general population , which
would have been distorted by selecting subgroups
or IBS patients with more severe symptoms. In
addition, because the etiology of IBS is multifacto
rial and, to a large extent, unknown and because
symptom subgroups tend to vary over time in each
[30]
volunteer , selecting between symptom subgroups
is challenging. Moreover, excluding volunteers whom
consume diarrhea medication, laxatives, and opiate- or
morphine-containing pain medications was necessary,
because these agents influence the outcome, but it
also effectively excluded volunteers with severe IBS
symptoms.
Another shortcoming in assessing the efficacy of
bowel symptoms was the infrequent and retrospective
[32]
evaluation of IBS symptoms . The symptom
questionnaires were administered 4 times in total and
only twice during the 12-wk intervention period. More
frequent assessments were initially considered to be
a risk for noncompliance due to the laboriousness of
answering so many questionnaires. Moreover, although
the IBS-SSS questionnaire inquires about symptom
severity over the past 10 d, the volunteers’ symptoms,
everyday events, and mood when they complete
the questionnaires are likely to bias the answers,
resulting in potentially irrelevant variations in scores.
Because volunteers were not severely symptomatic
(mean IBS-SSS at baseline corresponded to moderate
for all treatment groups), inquiring about symptom
frequency instead of severity might have been more
[33]
sensitive in measuring efficacy .
AEs were evenly distributed between groups. The
slightly higher number of volunteer discontinuations
due to AEs in the active high-dose group was not
treatment-related. Digestive symptoms were the chief
manifestation of the inclusion criteria of the study
population; thus, GI discomfort, recorded as a possibly
treatment-related AE, might have also been part of
their normal symptomology.
L. acidophilus NCFM can be consumed safely
by adult IBS volunteers over a 3-mo period but is
ineffective against IBS symptoms in general compared
to placebo. However, L. acidophilus NCFM treatment
alleviated abdominal pain in IBS volunteers with at
least moderately severe visceral pain. More frequent
- preferably daily - assessment of bowel symptoms
with a user-friendly application is recommended for
future trials in this area. Moreover, enquiring individual
symptoms rather than a composite score sum may be
more applicable. Among the recruited IBS participants
with moderate symptom severity at baseline bowel
movement frequency appeared normal regardless of
stool consistency and anxiety and depression levels
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were not clinically notable.
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Background

Functional bowel symptoms are a common disturbance encountered transiently
by most humans and in a chronic manner by many. Irritable bowel syndrome
(IBS) is a functional bowel disorder with abdominal pain as its core symptom.
In the present trial, Lactobacillus acidophilus NCFM, a probiotic bacterium
that is known to enhance analgesic receptor expression in the gastrointestinal
(GI) tract of rodents and humans, was evaluated for its ability to alleviate IBS
symptoms.

Research frontiers

In probiotic research there is a great demand for high quality clinical trials to
show potential health efficacy for well-defined probiotic strains. This applies
to an array of health areas, including GI wellbeing. On the other hand, also
mechanistic insight into the modes of action of probiotics is required to enlighten
their efficacy.

Innovations and breakthrough

The present clinical trial was conducted with high quality applying an adequate
population for statistical power and a well characterized probiotic strain with
prior mechanistic efficacy data. A thorough set of participant-reported outcomes
were evaluated on bowel symptoms, quality of life, psychological wellbeing and
defecation habit and stool consistency. The participants complied well with the
trial protocol allowing analysis of a comparatively large and complete dataset.

Applications

In the present trial the tested strain was not superior to placebo on IBS
symptom alleviation in general. However, abdominal pain was relieved among
participants with moderate to severe abdominal pain at baseline. The trial also
gives insight into design and conduct of probiotic clinical trials on functional
bowel disorders.

Peer-review

This article describes a very well designed clinical trial on the effect of the
probiotic strain L. acidophilus NCFM in two doses on symptoms in IBS patients.
The trial design is of high-quality including the use of a well-defined strain, as
well as an adequate number of participants and a long enough intervention
period.
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Abstract
AIM
To assess the prevalence of possible risk factors of
upper gastrointestinal bleeding (UGIB) and their agegroup specific trend among the general population and
osteoarthritis patients.
METHODS
We utilized data from the National Health Insurance
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Service that included claims data and results of
the national health check-up program. Comorbid
conditions (peptic ulcer, diabetes, liver disease, chronic
renal failure, and gastroesophageal reflux disease),
concomitant drugs (aspirin, clopidogrel, cilostazol,
non-steroidal anti-inflammatory drugs, steroid,
anticoagulants, and SSRI), personal habits (smoking,
and alcohol consumption) were considered as possible
UGIB risk factors. We randomly imputed the prevalence
of infection in the data considering the age-specific
prevalence of Helicobacter pylori (H. pylori ) infection
in Korea. The prevalence of various UGIB risk factors
and the age-group specific trend of the prevalence
were identified. Prevalence was compared between
osteoarthritis patients and others.
RESULTS
A total of 801926 subjects (93855 osteoarthritis
patients) aged 20 and above were included. The
prevalence of individual and concurrent multiple risk
factors became higher as the age increased. The
prevalence of each comorbid condition and concomitant
drug were higher in osteoarthritis patients. Thirty-five
point zero two percent of the overall population and
68.50% of osteoarthritis patients had at least one or
more risk factors of UGIB. The prevalence of individual
and concurrent multiple risk factors in younger age
groups were also substantial. Furthermore, when
personal habits (smoking, and alcohol consumption)
and H. pylori infection were included, the prevalence of
concurrent multiple risk factors increased greatly even
in younger age groups.
CONCLUSION
Prevalence of UGIB risk factors was high in elderly
population, but was also considerable in younger
population. Patient with osteoarthritis was at higher
UGIB risk than those without osteoarthritis. Physicians
should consider individualized risk assessment
regardless of age when prescribing drugs or performing
procedures that may increase the risk of UGIB,
and take necessary measures to reduce modifiable
risk factors such as H. pylori eradication or lifestyle
counseling.
Key words: Upper gastrointestinal bleeding; Prevalence;
Risk factor; General population; Osteoarthritis
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study identified the prevalence of various
upper gastrointestinal bleeding (UGIB) risk factors
and the age-group specific trend of the prevalence in
general population and osteoarthritis patients using
large population representative data. Considering the
age-group specific trend of the prevalence of UGIB risk
factors, physicians should consider individualized risk
assessment regardless of age when prescribing drugs
or performing procedures that predispose to UGIB.
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Additionally, subjects with high risk should control
modifiable UGIB risk factors.
Kim SH, Yun JM, Chang CB, Piao H, Yu SJ, Shin DW.
Prevalence of upper gastrointestinal bleeding risk factors among
the general population and osteoarthritis patients. World J
Gastroenterol 2016; 22(48): 10643-10652 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10643.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10643

INTRODUCTION
Despite advances in medical science, upper gastro
intestinal bleeding (UGIB) is still a high risk condition
[1]
[2]
with high morbidity and mortality . Rotondano et al
reported that the overall mortality rate of UGIB was
approximately 5%. Although its incidence is decreasing
worldwide, a substantial amount of patients are still
[3]
suffering from UGIB . In the United States, the
incidence of UGIB was approximately 60.6 per 100000
[4]
in 2009 . Furthermore, the proportion of aspirin- or
non-steroidal anti-inflammatory drugs (NSAIDs)-related
[5]
UGIB is also increasing . This has led to incurrence of
[6]
substantial costs .
The high mortality and economic burden of UGIB
have raised concerns regarding risk factors for the
disease. In general, UGIB occurs more frequently in
[7,8]
the male sex and advancing age . Additionally, many
underlying diseases, drugs, and unhealthy lifestyle
[3,8-27]
(e.g., smoking) are proven risk factors of UGIB
.
Also, the increasing trend of NSAIDS-induced UGIB
has also led to research focusing on arthritis patients,
who are potential long-term consumers of these
[28-31]
predisposing drugs
.
While several studies have identified significant
risk factors of UGIB, many focused on assessing the
relative risks of each factor in a specific population
group only, not the general population. To the best of
our knowledge, to date, no large general-populationbased studies have investigated the epidemiology of
UGIB risk factors.
In this study, we assessed the prevalence of possible
risk factors of UGIB and their age-group specific trend
among the general population, and compared the
prevalence between patients with osteoarthritis and
others.

MATERIALS AND METHODS
Data source

This study utilized data from the National Health
Insurance Service (NHIS) (NHIS-2015-2-099), compiled
by the NHIS. The National Health Insurance in South
Korea covers approximately 98% of the population,
[32]
ensuring generalization of data . The original claims

10644

December 28, 2016|Volume 22|Issue 48|

Kim SH et al . Gastrointestinal bleeding risk factor prevalence
data included 90% of the population in South Korea.
Using a randomized stratified sampling method, the
NHIS provided 2% samples of cohorts of the claims
data from 2002 to 2013. Detailed explanation of the
[33]
data structure is provided elsewhere . To investigate
recent epidemiology, we used the claims data of
outpatient visits in 2013. In addition, to take into
account subjects’ personal habits, we used results from
the national health check-up program cohorts in 2013,
which included lifestyle and medical information, as well
as biochemical markers. NHIS provides both claims
data and results of national health check-up programs
through an online review system (https://nhiss.nhis.
or.kr/bd/ab/bdaba000eng.do).
This study was approved by the institutional review
board of Seoul National University Hospital (IRB No.
E-1508-002-689).

Risk factors of UGIB

From a literature review of previous studies, we
identified the possible risk factors of UGIB. We subdivided
risk factors into 3 categories: (1) comorbid conditions;
(2) concomitant drugs; and (3) personal habit. Co
[8,10,16]
morbid conditions included peptic ulcer
, diabetes
[15]
[14]
[3,17,18]
mellitus , liver disease , chronic renal failure
,
[3]
and gastroesophageal reflux disease (GERD) . Con
[3,8,11,15,21]
comitant drugs included oral aspirin
, other
[3,11]
antiplatelet agents including cilostazol and clopidogrel
,
[3,8,10,11,16,29]
[3,19]
NSAIDs
, steroids
, anticoagulants including
[3,10,11]
warfarin, rivaroxaban, dabigatran, and apixaban
,
[3,23,24]
and selective serotonin reuptake inhibitors
. As
selective cyclooxygenase (COX)-2 inhibitors had been
prescribed to reduce the gastrointestinal complica
tions, these drugs were not included as concomitant
[31,34,35]
[8,10,11]
drugs
. Personal habits included smoking
,
[8,10,11]
and alcohol consumption
.
Helicobacter pylori (H. pylori) infection was also con
[3,8,10,13,16]
sidered as a possible independent risk factor
.

Definition of variables

We defined cases of comorbid conditions based on the
ICD-10 codes: “K25.X”, “K26.X”, “K27.X”, and “K28.
X” for peptic ulcer; “E08.X”, “E09.X”, “E10.X”, “E11.
X”, “E12.X”, “E13.X”, and “E14.X” for diabetes; “K70.
X”, “K71.X”, “K72.X”, “K73.X”, “K74.X”, “K75.X”, “K76.
X”, and “K77.X” for liver disease; “N18.X” for chronic
renal failure; “K21.X”, and “K221” for GERD. Cases
of comorbid conditions were defined if any of the
above-mentioned relevant ICD-10 codes was the main
diagnosis (for which the patient primarily presented
with), or the first additional diagnosis (that the patient
was already being treated for or was diagnosed at
the same visit as the main diagnosis). Subjects with
“M15.X” to “M19.X” ICD-10 codes as the main or the
first additional diagnosis were defined as patients with
osteoarthritis.
Although short-term use of some drugs could
[36]
increase the risk of UGIB , we aimed to identify
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longer-term users of predisposing drugs, especially
those with the potential to consume these drugs for
life. Therefore, we only included subjects who had
been prescribed drugs for at least 60 d as cases of
concomitant drug users.
Smoking was subdivided into 2 categories: (1) nonor former smoker; and (2) current smoker. Problematic
alcohol consumption was defined as follows: men
who drink more than 4 standard drinks a day or 14
standard drinks a week; women who drink more than
3 standard drinks a day or 7 standard drinks a week;
and subjects aged 65 or more who drink more than
1 standard drink a day or 7 standard drinks a week.
One standard drink contains approximately 14 g of
[37]
alcohol .

Statistical analysis

Subjects aged 20 and above were included in our
analysis. First, we calculated the prevalence of each
risk factor within the general population and it was
compared between osteoarthritis patients and others.
To identify subjects with concurrent multiple risk factors,
we categorized subjects into 3 categories: (1) those
with 1 or more risk factors; (2) those with 2 or more
risk factors; and (3) those with 3 or more risk factors
or more. As patients with osteoarthritis potentially
[31]
consume NSAIDs , we additionally calculated the
prevalence after excluding NSAIDs as a concomitant
drug for osteoarthritis patients. Additionally, agegroup specific prevalence of individual and concurrent
multiple risk factors were calculated. Since the data
did not provide information about H. pylori infection,
we formulated a statistical method to consider this
infection. Considering the age-specific prevalence of
H. pylori infection in Korea from a representative large
cohort study, we randomly imputed the prevalence of
[38]
infection in the data . The reported prevalence of H.
pylori infection was 26.4, 42.1, 52.6, 61.4, 61.6, and
58.6 % for subjects in their 20 s, 30 s, 40 s, 50 s, 60
s, and 70 s (or more), respectively. Following random
imputation, prevalence of concurrent multiple risk
factors were calculated.
As mentioned above, we included personal habits
as risk factors of UGIB. However, information regarding
subjects’ personal habits was only available in those
who participated in the national health check-up
program in 2013. Subgroup analysis was performed to
take into account the lifestyle factors in these subjects.
To address the possible differences of the definition
of concomitant drug user, sensitivity analysis was
performed. Subjects who have been prescribed the
drugs for at least 30 d were considered as cases of
concomitant drug users.
All statistical analyses were conducted using the
STATA software version 14.0 (StataCorp., TX).

RESULTS
A total of 801926 subjects from the general population
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Table 1 Prevalence of gastrointestinal bleeding risk factors

Comorbid conditions
Peptic ulcer
Diabetes
Chronic liver disease
Chronic renal failure
Gastroesophageal reflux disease
Concomitant drugs1
Aspirin
Clopidogrel
Cilostazol
NSAIDs
Steroid
Anticoagulants2
SSRI
No. of risk factors
≥1
≥2
≥3
No. of risk factors
(Excluding concomitant NSAIDs Use)
≥1
≥2
≥3
No. of risk factors
(After H. pylori prevalence imputation)
≥1
≥2
≥3

Overall Population
(n = 801926 )

Without Osteoarthritis
(n = 708107)

Osteoarthritis Patients
(n = 93855)

9.15%
8.33%
5.76%
0.49%
14.30%

7.85%
7.04%
5.28%
0.44%
12.67%

19.00%
18.12%
9.32%
0.83%
26.60%

6.63%
1.78%
0.66%
5.99%
1.28%
0.18%
0.44%

5.41%
1.43%
0.51%
3.02%
0.93%
0.16%
0.37%

15.86%
4.44%
1.76%
28.42%
3.94%
0.36%
1.00%

35.02%
13.87%
4.52%

30.58%
10.66%
2.97%

68.50%
38.04%
16.25%

33.10%
11.81%
3.22%

29.49%
9.63%
2.38%

60.40%
28.26%
9.60%

64.57%
23.26%
8.12%

62.16%
20.08%
6.47%

82.76%
47.19%
20.60%

1

Subjects who were prescribed 60 d or more in 2013; 2Warfarin, rivaroxaban, dabigatran, and apixaban were included. All P values from the χ 2 test between
subjects without osteoarthritis and arthritis patients are below 0.001. NSAIDs: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin reuptake
inhibitor.

aged 20 or more (93855 were patients with oste
oarthritis) were included in the analysis. Out of this,
233879 subjects participated in the national health
check-up program in 2013. The age- and sex-specific
distributions of the study population are provided in
online only supplementary Table 1.
Table 1 shows the overall prevalence of individual
and concurrent multiple risk factors. GERD was the
most frequent comorbid condition associated with
UGIB in the overall population, subjects without
osteoarthritis, and patients with osteoarthritis (14.10%,
12.67%, and 26.60%, respectively). Although aspirin
was the most frequently used predisposing drug in the
overall population (6.63%), NSAIDs had the highest
prevalence in osteoarthritis patients (28.42%). The
prevalence of each comorbid condition and concomitant
drug usage were also higher in these patients compared
to the general population. We found that 35.02% of
the overall population and 68.50% of osteoarthritis
patients had at least one or more risk factors of
UGIB. More than 16% of subjects with osteoarthritis
had 3 or more concurrent risk factors. Even when
NSAIDs were excluded for prevalence calculation of
concurrent multiple risk factors, the prevalence of
osteoarthritis patients with at least one or more risk
factors decreased by only 8%. When H. pylori infection
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was considered, the prevalence of concurrent multiple
risk factors increased approximately 2-fold in the
overall population. The increase in the prevalence of
osteoarthritis patients was also substantial. All P values
for each risk factor from the chi square test between
subjects without osteoarthritis and osteoarthritis
patients were below 0.001.
Figure 1 shows the age-group specific trend of
prevalence with at least one risk factor. Prevalence of
UGIB risk factors increases with age, with the highest
value seen among the 70-79 year-old age group. The
age-group specific prevalence of UGIB risk factors
among osteoarthritis patients is provided in online only
supplementary Table 2.
The increased prevalence of UGIB risk factors with
age was consistently noted in the overall population,
peaking among subjects in their 70 s (Table 2). For
subjects who participated in the national health checkup program, the prevalence of multiple risk factors
increased naturally as 2 more risk factors (smoking,
and alcohol consumption) were considered (Figure
2). The number of smokers and alcohol consumers
generally decreased with age. As the criteria for alcohol
consumption changed at the age of 65, the prevalence
of problematic drinking increased at the age-group (see
online only supplementary Table 3).
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Figure 1 Age-group specific prevalence of any upper gastrointestinal bleeding risk factors. A: Without Helicobacter pylori (H. pylori) prevalence imputation; B:
With H. pylori prevalence imputation; NSAIDs: Non-steroidal anti-inflammatory drugs.
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Figure 2 Age-Group Specific Prevalence of Multiple Risk Factors in Subjects Performed Health Check-up. A: Without Helicobacter pylori (H. pylori) prevalence
imputation; B: With H. pylori prevalence imputation. Smoking and problematic alcohol drinking were included as risk factors additionally.
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15.26%
2.42%
0.25%

11.53%
1.66%
0.16%

37.72%
5.79%
0.83%

0.08%
0.01%
0.00%
0.66%
0.35%
0.01%
0.17%

0.03%
0.01%
0.00%
0.48%
0.27%
0.01%
0.16%

34.84%
4.24%
0.54%

4.80%
0.49%
2.99%
0.06%
8.34%

25-29

3.84%
0.31%
2.17%
0.03%
6.02%

20-24

51.60%
8.93%
1.60%

16.72%
3.23%
0.39%

0.13%
0.03%
0.01%
1.00%
0.44%
0.03%
0.15%

4.92%
0.96%
3.74%
0.09%
8.88%

30-34

53.61%
10.81%
2.26%

19.63%
4.36%
0.67%

0.42%
0.09%
0.03%
1.65%
0.59%
0.04%
0.21%

5.49%
1.76%
4.40%
0.14%
9.92%

35-39

64.84%
16.85%
4.04%

25.88%
6.59%
1.22%

1.15%
0.27%
0.11%
2.28%
0.72%
0.06%
0.24%

7.61%
3.27%
4.76%
0.23%
13.22%

40-44

67.08%
20.48%
5.87%

30.45%
9.35%
2.10%

2.65%
0.56%
0.23%
3.58%
0.91%
0.09%
0.29%

8.47%
5.68%
5.99%
0.28%
13.63%

45-49

76.84%
30.34%
10.63%

40.22%
14.79%
3.92%

5.66%
1.10%
0.48%
6.19%
1.23%
0.15%
0.38%

10.87%
8.78%
7.55%
0.39%
17.18%

50-54

80.34%
38.05%
15.35%

49.00%
20.87%
6.44%

10.21%
2.13%
0.86%
8.77%
1.64%
0.23%
0.41%

12.45%
13.17%
8.68%
0.59%
19.11%

55-59

83.99%
46.72%
21.22%

58.39%
28.01%
10.06%

15.55%
3.66%
1.36%
11.81%
2.18%
0.32%
0.59%

14.20%
18.18%
9.09%
0.88%
22.11%

60-64

86.35%
52.90%
26.20%

64.43%
33.92%
13.44%

19.84%
5.18%
1.98%
15.27%
2.99%
0.47%
0.92%

15.49%
22.04%
9.03%
1.13%
22.85%

65-69

87.86%
57.54%
30.43%

70.27%
39.74%
17.08%

24.26%
7.23%
2.59%
18.31%
3.60%
0.68%
1.23%

17.50%
25.48%
8.01%
1.66%
23.93%

70-74

87.91%
57.88%
30.36%

70.69%
40.03%
16.97%

25.57%
8.59%
3.09%
19.83%
3.80%
0.88%
1.57%

16.08%
25.96%
6.91%
1.84%
20.94%

75-79

86.93%
54.60%
27.95%

67.59%
36.67%
15.05%

25.15%
9.41%
2.96%
19.57%
3.48%
0.68%
1.88%

13.72%
23.55%
5.65%
1.96%
17.29%

80-84

82.20%
42.92%
18.31%

54.93%
25.34%
8.48%

19.66%
7.19%
2.17%
14.99%
2.50%
0.46%
1.41%

9.95%
16.13%
3.96%
1.66%
11.43%

≥ 85 yr

To the best of our knowledge, this is the first study to investigate the prevalence of individual and concurrent multiple UGIB risk factors in the general population and
patients with osteoarthritis. We also identified the trend of age-group specific prevalence of UGIB risk factors. Large sample size with systematic sampling method
ensures the generalization of the results. Moreover, the unique dataset from NHIS enabled us to address multiple personal habits such as smoking, alcohol consumption,
as well as comorbid diseases and drugs.
[7,8]
Our findings showed that age was associated with increased prevalence of UGIB risk factors, consistent with previous studies . Naturally, the prevalence of
individual and concurrent multiple risk factors became higher as the age increased. However, the prevalence of UGIB risks in younger subjects was also substantial. In
the overall population, more than 14% of subjects aged 50-54 years old already had 2 or more risk factors. When H. pylori infection was considered, the prevalence
of 3 or more risk factors is 10% in this age group. Furthermore, approximately 50% of subjects aged 30-34 years old had at least one risk factor. This is even more

DISCUSSION

In the sensitivity analysis, although the prevalence of each concomitant drug usage was slightly decreased, the prevalence did not vary much from that of the main
analysis (Table 3).

Subjects who were prescribed 60 d or more in 2013; 2Warfarin, rivaroxaban, dabigatran, and apixaban were included. NSAIDs: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin reuptake inhibitor.

1

Comorbid conditions
Peptic ulcer
Diabetes
Chronic liver disease
Chronic renal failure
Gastroesophageal
Reflux disease
Concomitant drugs1
Aspirin
Clopidogrel
Cilostazol
NSAIDs
Steroid
Anticoagulants2
SSRI
No. of risk factors
≥1
≥2
≥3
No. of risk factors
(After H. pylori prevalence
imputation)
≥1
≥2
≥3

Table 2 Age-group specific prevalence of gastrointestinal bleeding risk factors in overall population
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4.80%
0.49%
2.99%
0.06%
8.34%

0.09%
0.01%
0.00%
3.31%
1.07%
0.01%
0.22%

17.55%
3.29%
0.48%

39.37%
7.08%
1.21%

0.04%
0.01%
0.00%
2.34%
0.88%
0.01%
0.21%

13.32%
2.25%
0.29%

36.21%
5.12%
0.78%

25-29

3.84%
0.31%
2.17%
0.03%
6.02%

20-24

53.24%
10.87%
2.32%

19.61%
4.42%
0.74%

0.18%
0.04%
0.02%
4.56%
1.28%
0.03%
0.21%

4.92%
0.96%
3.74%
0.09%
8.88%

30-34

55.64%
13.30%
3.24%

23.22%
5.97%
1.18%

0.50%
0.10%
0.04%
6.29%
1.62%
0.04%
0.27%

5.49%
1.76%
4.40%
0.14%
9.92%

35-39

66.45%
19.66%
5.45%

29.38%
8.57%
1.99%

1.26%
0.28%
0.13%
7.35%
1.88%
0.07%
0.32%

7.61%
3.27%
4.76%
0.23%
13.22%

40-44

68.97%
23.81%
7.75%

34.49%
11.89%
3.20%

2.84%
0.59%
0.25%
9.96%
2.21%
0.10%
0.38%

8.47%
5.68%
5.99%
0.28%
13.63%

45-49

78.69%
34.58%
13.52%

44.88%
18.42%
5.72%

5.97%
1.17%
0.54%
14.69%
2.91%
0.16%
0.50%

10.87%
8.78%
7.55%
0.39%
17.18%

50-54

82.11%
42.48%
18.90%

53.68%
24.98%
8.93%

10.67%
2.25%
0.96%
18.52%
3.50%
0.25%
0.55%

12.45%
13.17%
8.68%
0.59%
19.11%

55-59

85.68%
51.41%
25.56%

62.87%
33.02%
13.23%

16.17%
3.83%
1.48%
23.02%
4.43%
0.34%
0.74%

14.20%
18.18%
9.09%
0.88%
22.11%

60-64

88.13%
57.73%
30.79%

68.98%
39.09%
17.29%

20.60%
5.47%
2.15%
27.50%
5.54%
0.53%
1.13%

15.49%
22.04%
9.03%
1.13%
22.85%

65-69

89.66%
62.40%
35.35%

74.57%
45.26%
21.32%

25.24%
7.58%
2.83%
31.07%
6.59%
0.73%
1.53%

17.50%
25.48%
8.01%
1.66%
23.93%

70-74

89.52%
62.59%
35.09%

74.65%
45.36%
21.25%

26.59%
9.03%
3.39%
31.68%
6.72%
0.96%
1.89%

16.08%
25.96%
6.91%
1.84%
20.94%

75-79

88.55%
59.14%
32.49%

71.74%
41.69%
18.75%

26.35%
10.00%
3.21%
30.34%
6.07%
0.73%
2.13%

13.72%
23.55%
5.65%
1.96%
17.29%

80-84

83.72%
46.84%
21.95%

58.61%
29.63%
11.07%

20.75%
7.75%
2.45%
22.76%
4.58%
0.50%
1.70%

9.95%
16.13%
3.96%
1.66%
11.43%

≥ 85 yr

evident when we included personal habits as risk factors.
Patients with osteoarthritis have a higher prevalence of concurrent multiple risk factors compared to the subjects without, even after excluding NSAIDs. When
NSAIDs were excluded, the difference of age-group specific prevalence of having at least one risk factor between the subjects without osteoarthritis and osteoarthritis
patients became smaller. However, this difference of prevalence became larger as age decreases, suggesting that young osteoarthritis patients have more underlying
risk factors than the subjects without osteoarthritis.
Our findings have important clinical implications: First, elderly subjects are at high risk for UGIB by not only due to their age, but also multiple comorbid conditions
[8]
and concomitant drug usage. Furthermore, increasing age is associated with UGIB occurrence, recurrence, and mortality . Physicians with elderly patients should,
therefore, identify measures to reduce the occurrence of UGIB in this population.
Second, our study revealed that a considerable portion of young adults has concurrent multiple risk factors of UGIB. When H. pylori infection was considered, more
than 10% of the general population aged 35-39 had 2 or more UGIB risk factors. When we took into account subjects’ personal habits, more than 60% of those aged
20-24 factors, physicians should consider individualized risk assessment for UGIB of already had at least one UGIB risk factor. Given that osteoarthritis patients are likely

Subjects who were prescribed 60 d or more in 2013; 2Warfarin, rivaroxaban, dabigatran, and apixaban were included. NSAIDs: Non-steroidal anti-inflammatory drugs; SSRI: Selective serotonin reuptake inhibitor.

1

Comorbid conditions
Peptic ulcer
Diabetes
Chronic liver disease
Chronic renal failure
Gastroesophageal reflux
disease
Concomitant drugs1
Aspirin
Clopidogrel
Cilostazol
NSAIDs
Steroid
Anticoagulants2
SSRI
No. of risk factors
(without H. pylori
prevalence imputation)
≥1
≥2
≥3
No. of risk factors
(after H. pylori prevalence
imputation)
≥1
≥2
≥3

Table 3 Sensitivity analysis for prevalence of gastrointestinal bleeding risk factors in overall population (%)
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to consume NSAIDs and possess higher prevalence
of UGIB risk in NSAIDs prescription, regardless
[30]
of patients’ age . Selective COX-2 inhibitors or
concurrent prescription of proton pump inhibitors or
misoprostol may be a good option for osteoarthritis
[28,34,35,39,40]
patients with high risk of UGIB
.
Finally, identifying and controlling modifiable risk
factors is of great importance. The majority of subjects
who already consume the above-mentioned drugs are
those who require them long-term, possibly lifelong.
In addition, most of the comorbid conditions related
to UGIB are intractable chronic disease. Therefore,
these high-risk subjects should control any modifiable
risk factors of UGIB, such as smoking, heavy drinking,
[27,35]
and H. pylori infection
. Also, further prospective
studies are needed to address the issue of other
lifestyle modification and UGIB prevention.
This study has several limitations. First, we did not
include other risk factors apart from the ones studied.
For instance, drug-drug interaction and drug dosage
(both of which increase the risk of UGIB) were not
[19,25]
considered
. Furthermore, some drugs may cause
[36]
UGIB even with short-term use . Additionally, we
used imputation of H. pylori infection prevalence from
[38]
a cohort study . This might affect the prevalence
of individual and concurrent multiple risk factors of
UGIB. More detailed information about individuallevel risks may give rise to a different prevalence.
However, the difference in prevalence between the
main and sensitivity analysis was not high, supporting
the reliability of the results. Finally, ICD-10 codes
based definition of osteoarthritis may not meet the
specific diagnostic criteria. However, claims with such
osteoarthritis diagnosis are usually made with clinical
features which are consistent with symptoms and signs
of osteoarthritis, and are accompanied by prescription of
NSAIDS, which increases the risk of UGIB. In addition,
claims data has its own strengths in terms of large
sample size, representativeness, and generalizability to
the real world setting.
We investigated the prevalence of various risk factors
of UGIB in the general population and osteoarthritis
patients. Physicians should consider individualized
risk assessment regardless of age when prescribing
drugs or performing procedures that may increase the
risk of UGIB, and take necessary measures to reduce
modifiable risk factors such as H. pylori eradication or
lifestyle counseling.
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Abstract
AIM
Infantile-onset inflammatory bowel disease (IO-IBD)
with the onset of disease before 12 mo of age, is a
different disease entity from childhood IBD. We aimed
to describe the clinical features, outcome and role of
mutation in interleukin-10 (IL-10) and interleukin-10
receptors (IL-10R) in Asian children with IO-IBD.
METHODS
All cases of IO-IBD, defined as onset of disease before
12 mo of age, seen at University Malaya Medical Center,
Malaysia were reviewed. We performed mutational
analysis for IL10 and IL10R genes in patients with
presenting clinical features of Crohn’s disease (CD).
RESULTS
Six [13%; CD = 3, ulcerative colitis (UC) = 2, IBDunclassified (IBD-U) = 1] of the 48 children (CD = 25;
UC = 23) with IBD have IO-IBD. At final review [median
(range) duration of follow-up: 6.5 (3.0-20) years], three
patients were in remission without immunosuppression
[one each for post-colostomy (IBD-U), after standard
immunosuppression (CD), and after total colectomy
(UC)]. Three patients were on immunosuppression:
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one (UC) was in remission while two (both CD) had
persistent disease. As compared with later-onset
disease, IO-IBD were more likely to present with bloody
diarrhea (100% vs 55%, P = 0.039) but were similar in
terms of an associated autoimmune liver disease (0%
vs 19%, P = 0.31), requiring biologics therapy (50%
vs 36%, P = 0.40), surgery (50% vs 29%, P = 0.27),
or achieving remission (50% vs 64%, P = 0.40). No
mutations in either IL10 or IL10R in the three patients
with CD and the only patient with IBD-U were identified.
CONCLUSION
The clinical features of IO-IBD in this Asian cohort
of children who were negative for IL-10 or IL-10R
mutations were variable. As compared to childhood
IBD with onset of disease after 12 mo of age, IO-IBD
achieved remission at a similar rate.
Key words: Infantile-onset inflammatory bowel disease;
Pediatric
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We described the clinical features, outcome
and role of mutation in IL-10 and IL-10R in Asian
children with infantile-onset inflammatory bowel disease
(IO-IBD). We reviewed all cases of IO-IBD, defined
as onset of disease before 12 mo of age, seen at a
single center in Malaysia. We conclude that the clinical
features of IO-IBD in this Asian cohort of children were
variable. IO-IBD achieved remission at a similar rate,
were more likely to discontinue immunosuppression
therapy at final review and not more likely to require
biologics therapy or surgery.
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infantile-onset inflammatory bowel disease in an Asian cohort.
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The development of IBD in infancy is extremely
[1]
rare . Data from epidemiological studies and IBD
registries, mostly from North America and Europe,
suggest that less than 1% of children with IBD have an
[5-9]
onset during the first 12 mo of life . Crohn’s disease
(CD) appeared to be more common than ulcerative
[5-8]
colitis (UC) in these studies . However, a recent large
cohort study from North America involving close to
2000 cases of childhood IBD did not identify any cases
[4]
with an onset of disease < 1 year of age .
The current concept of the pathogenesis of IBD is
that it develops in genetically susceptible hosts with
an altered intestinal response to various external
[10,11]
stimuli
. In infantile-onset (IO-) IBD, monogenic
diseases causing persistent intestinal inflammation,
such as Wiskott-Aldrich syndrome and hyper-IgM
[12,13]
syndrome, are well documented
. Mutations in
genes encoding the interleukin-10 (IL10) or inter
leukin-10 receptors (IL10R) subunit proteins have
been discovered in patients with IO enterocolitis,
[14-18]
usually within the first three months of life
. These
infants have severe perianal disease and extra-intestinal
[14-17]
features such as folliculitis and arthritis
. In some
cases, hematopoietic stem cell transplant (HSCT) is
[14-17]
curative in IBD secondary to IL10/IL10R deficiency
.
Nevertheless, it has been shown that the majority
of patients with severe infantile colitis produce and
[15]
respond to IL10 normally , suggesting additional
pathways to inflammation and the complex nature of
the pathogenesis of infantile-onset inflammatory bowel
[19]
disease (IO-IBD) .
IBD is not as common in Asians as in the Cau
[20]
casians . We reported the first case of IO-IBD in an
Asian infant due to mutations in the IL10R by using
[21]
exome sequencing . Subsequently, other authors
have also reported early-onset IBD due to mutations
[22]
in IL-10R . The aims of the present study were to
describe the phenotypic characteristics and outcome of
IO-colitis in a cohort of Asian children and to define the
role of IL10 and IL10R mutations in these patients.

MATERIALS AND METHODS
INTRODUCTION
Most of the patients with inflammatory bowel disease
(IBD) have the onset of disease during adolescence or
[1,2]
early adulthood . There is a well-documented increase
in the incidence of IBD with an onset of disease within
[3]
the first two decades of life . In childhood IBD, the
disease phenotype and subsequent disease course are
[4]
influenced by the age at first diagnosis . In a large
North American cohort of childhood IBD, those who
had an onset of disease between 1 to 5 years (very
early-onset) were more likely to have a mild disease at
diagnosis but a more aggressive phenotype over time
as compared to children who had an onset between 6
[4]
to 10 years of age .
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The present study was a retrospective review of all
patients with childhood IBD who were seen at the
Department of Paediatrics, University Malaya Medical
Center (UMMC), Kuala Lumpur, Malaysia, from 1996 to
2014. During the study period, UMMC was the major
referral center for pediatric IBD for entire Malaysia,
serving both peninsular Malaysia and East Malaysia.
The present study was funded by the High Impact
Research Fund from Ministry of Higher Education,
Malaysia (UM.C/625/HIR/MOHE/CHAN/13/1) and was
approved by the institutional ethical committee of
UMMC (UMMC 975.7). Written informed consent was
given by the parents of the children for their clinical
record, as well as the results of the mutational analysis
to be used in the present study.
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Patients

The medical records of all children younger than
18 years of age who have a diagnosis of IBD were
reviewed. Patients who have the onset of the disease
in the first 12 mo of age were included. Data on all
children aged ≤ 18 years of age with a diagnosis of
IBD who are currently followed up at the department
were also reviewed. The following patients were
excluded: (1) patients with incomplete medical data;
or follow-up or outcome data were incomplete; and
(2) patients with an alternative diagnosis, such as
infective, allergic, or iatrogenic (i.e., radiation colitis or
graft-vs-host diseases) causes of colitis.

Diagnosis

The patients were diagnosed to have CD, UC or
IBD-unclassified (IBD-U) according to established
clinical, biochemical, radiologic, endoscopic, and
[23,24]
histologic criteria
. In UMMC, all patients suspected
of having an IBD were investigated according to
the recommendations by the European Society
for Pediatric Gastroenterology, Hepatology and
[23]
Nutrition . In addition, congenital or acquired
immune deficiencies causing infantile colitis such
as human immunodeficiency virus infection (HIV),
severe combined immune deficiency (SCID), chronic
granulomatous disease, hyper-IgM syndrome, and
Wiskott-Aldrich syndrome were excluded by complete
blood count, platelet count, peripheral blood film, HIV
serology, immunoglobulins level (IgG, IgA, IgM and
IgE), lymphocyte subset, nitroblue tetrazolium test,
and anti-enterocyte antibody.
The diagnosis of IBD required endoscopic evaluation,
including histologic assessment of mucosal pinch
biopsies. All patients underwent esophagogastro
duodenoscopy (EGDS) and colonoscopy. Multiple mu
cosal biopsies were reviewed by clinical pathologists.
Stool studies were performed in all patients to exclude
infectious causes of diarrheal illness. Disease location
and behavior were classified according to the Paris
[24]
Classification of Pediatric IBD . Features which
favor the diagnosis of CD are extensive endoscopic
inflammation of the upper gastrointestinal tract;
presence of perianal disease; normal looking rectum;
presence of stenosis, cobblestoning, and linear
ulceration in the ileum; and macroscopic ileitis in the
[24]
presence of normally looking cecum . Histological
features favoring CD include microscopically normal
appearing skip lesions as well as presence of well[24]
formed granuloma remote from ruptured crypts .

Medical therapy

In children with CD, exclusive enteral nutrition (EEN)
was the initial treatment of choice. In children who were
unable to comply with EEN, or who did not respond
to EEN, corticosteroid (CS; 1-2 mg/kg body weight,
maximum 60 mg) was the initial immunosuppression
[25]
of choice . Azathioprine (Aza) at a maximum dose of
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2.5 mg/kg body weight was used as steroid-sparing
[25,26]
drug
. Monitoring of the therapeutic levels for Aza
or determination of thiopurines methyltransferase
genotype or phenotype were unavailable in the unit
throughout the study period. The clinical response to
Aza was closely observed while its side effects such
as acute pancreatitis and marrow suppression were
[26]
regularly monitored . Infliximab (IFX) was used in
children with refractory disease, fistulating CD, or
in luminal CD despite optimal immunomodulatory
[25,26]
therapy
. The IFX was administered in dose of
5 mg/kg body weight at weeks zero, two and six,
[25]
followed by 8-weekly infusions . This dosing regimen
was adjusted according to the response of the
patients, either by shortening the duration between
two consecutive infusions, or an increase in the dose
administered (maximum 10 mg/kg). No therapeutic
level of IFX or antibodies against IFX was available
within the country or the region during the study
period. Adalimumab (Ada) was given to patients who
developed a loss of effect to IFX. Ada was administered
subcutaneously at week zero and two (160 mg and 80
mg, or 80 mg and 40 mg, for body weight ≥ 40 kg or
< 40 kg) and subsequently 40 mg every other week
[27]
irrespective of body weight .

Data collection

The following data were collected: demographic data,
clinical features, radiologic and histologic findings,
medical and surgical therapies if applicable, and
disease status at final review. Patients with CD were
considered to have inactive disease if the Pediatric
Crohn Disease Activity Index score was ≤ 10, while
patients with UC were considered to be in remission if
[28,29]
the Pediatric Ulcerative Colitis Index was ≤ 10
.
Comparisons were made between patients with IOIBD and patients who have an onset of disease after
the first year of life (defined as later-onset disease) in
their presenting features, immunosuppressive therapy
and the need for surgery, as well as disease status at
final review.

Mutational analysis

Blood samples were obtained from patients and their
parents for mutational analysis after obtaining written
informed consent. The analysis was performed at the
Research Laboratory of the Department of Paediatrics
and Adolescent Medicine, the University of Hong Kong.
The genomic PCR was performed using the HotStar
®
Taq Plus PCR system (Qiagen GmbH, Germany).
Between 10-100 ng of genomic DNA was amplified
using the sense and antisense primers, flanking the
coding regions and splice junctions, according to
the manufacturer’s protocol. DNA sequencing was
performed on both strands using BigDye Terminator
v3.1 Cycle Sequencing Kit and 3730xl DNA Analyzer
(Applied Biosystems CA., United States). Homology
analysis with the reference genomic sequence was
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performed using the NCBI program BLAST (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). The mutations
screened for the purpose of the present study are
shown in Supplementary material.

Statistical analysis

Data were managed with IBM SPSS statistical package
version 21.0.0 for Windows. Dichotomous measures
were compared by means Fisher exact test. Statistical
significance was set at a P value of < 0.05.

RESULTS
During the study period, a total of 48 children with a
diagnosis of IBD (CD = 25, UC = 23) were followed up
at the Department of Paediatrics of UMMC. Of these,
six (13%) had the onset of disease within the first year
of life (IO-IBD). According to the Paris Classification for
[24]
Pediatric IBD , two of the six patients had UC, three
had CD, and one had IBD-U.

Demography

There were four males and two females. None of the
patients has any first degree family members who
also have IBD or other autoimmune conditions. With
the exception of patient No. 1, none of the patient had
any significant perinatal history. The age of onset of
first symptom ranged from first week to 12 mo of life
(median 5 mo; Table 1).

Phenotypic characteristics

Phenotypically, the patients can be classified into CD
(n = 3), UC (n = 2), and IBD-U (n = 1) at initial pre
sentation, but the subsequent disease course was
diverse.

Clinical presentation

All the children presented initially with bloody diarrhea
(Table 1). One patient was diagnosed to have postnatal
cytomegalovirus (CMV) infection at birth. Oral ulcers
were noted in one patient with CD while perianal
disease was present in two of the three patients with
CD and the infant with IBD-U.

Associated medical and autoimmune conditions

None of the patients developed other autoimmune
diseases. One patient (infant No. 3) developed de
velopmental regression at seven years of age with
course tremors. No etiology can be ascertained
despite extensive investigations. Investigations
for immune system did not reveal the presence of
immunodeficiency.

UC

Patient No. 1 developed watery, non-bloody diarrhea
on third day of life (Table 1), and was started on
extensively hydrolyzed and amino acid-based formulae.
The diarrhea became bloody from three months

WJG|www.wjgnet.com

onwards. When referred at our center at four months
of age, there was no oral ulcer or perianal disease.
During bowel rest and total parenteral nutrition, there
was no diarrhea, but diarrhea promptly resumed when
extensively hydrolyzed formula was introduced. A
colonoscopy showed pancolitis with inflamed mucosa
and friability but no ulceration. The rectum, sigmoid
and descending colon were the most severely affected.
Histologically, there was dense lymphoplasmacytic and
eosinophilic infiltration of the colonic mucosa. A course
of oral CS failed to improve his symptoms. The diarrhea
gradually improved with amino acid-based formula.
The stool frequency improved but was persistently
blood stained.
There was a relapse of bloody diarrhea at sixteen
month of age when the child was gradually weaned off
from amino acid formula to a normal diet. Repeated
courses of CS and a course of oral cyclosporin failed
to improve his symptoms. A total colectomy was
performed. Macroscopically, the entire colon was pale
in appearance with prominent submucosal vascular
pattern, indicating mucosal atrophy. No ulcers were
noted. Histologically the mucosa was thin. There were
areas of patchy inflammation, with evidence of chronic
inflammation, dense lymphoplasmacytic infiltration
in the mucosa, sparing the submucosa, muscular
layer and serosa. There was no crypt branching, or
irregularity in the shape and sizes of the crypt. There
was also scant eosinophilic infiltration. The child
remained symptom free after total colectomy.

CD

Patient No. 3 developed symptoms of recurrent bloody
diarrhea at the age of seven months (Table 1). A
diagnosis of postnatal CMV infection was made at
another hospital at the age of three months due to
persistent neonatal cholestasis. The IgM for CMV
was positive. The jaundice subsided at the age of
six months. The bloody diarrhea was intermittent in
nature. At referral to our unit at two years of age, the
child had failure to thrive, abdominal pain and bloody
diarrhea, with multiple perianal fistulae and abscesses.
EGDS showed duodenitis. Colonoscopy showed
extensive ulceration with pseudopolyps formation. EEN
was commenced, together with antibiotics, CS and Aza.
IFX was given in view of severe perianal disease. After
one year, there was improvement in general condition
but minimal improvement in the perianal disease. He
was noted to have three episodes of pneumonia and
two episodes of herpes zoster infection when he was
receiving IFX therapy. However, no recurrent infections
were noted when the therapy was discontinued. In
addition, investigations into an underlying immuno
deficiency were negative.
A defunctioning colostomy was performed at six
years of age. There was persistent perianal disease.
A course of Ada (six doses) was given with no im
provement. A repeat colonoscopy showed extensive
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Table 1 Phenotypic characteristics, disease behavior, therapy and outcome in six Asian children with infantile-onset inflammatory
bowel disease
Patients’ initials

No. 1

Sex
Male
Ethnicity
Chinese
Consanguinity
No
Breast feeding (duration)
No
Age at onset
First week
Disease phenotype
EC→UC
Major symptoms at
Bloody diarrhea and
presentation
PR bleeding
Perianal disease
Other medical or
autoimmune conditions
Recurrent infections
Disease location1
Disease behavior/
severity1
Histopathology

Other associated diseases
Mutational analysis
Medical therapy
Surgery
Age at last follow up
Final clinical status

No. 2
Male
Chinese
No
No
12 mo
UC
Bloody diarrhea,
anemia

Nil
Nil

Nil
Nil

Nil

Nil

E4S1
S1

E4
S1

No. 3

No. 5

No. 6

Female
Indian
No
Yes (2 mo)
6 mo
CD
Bloody diarrhea,
growth faltering

Female
Malay
No
Yes (4 mo)
4 mo
IBD-U
Bloody diarrhea

Nil
Nil

Abscess and fistula
Nil

Nil

Nil

Nil

L3L4a
B2B3p

L3
B1

L2
B1p

Male
Male
Malay
Chinese
No
No
No
Yes (3 mo)
7 mo
2 mo
CD
CD
Oral ulcers, bloody
Bloody diarrhea,
diarrhea, abdominal
abdominal pain
pain
Abscess and fistula Abscess and fistula
Nil
Nil
Congenital CMV
infection,
L3L4a
B2B3p

Dense
Colonic mucosa
Lymphocytic
lymphoplasmacytic
showed mild
infiltration of
and eosinophilic
degenerative
lamina propria.
infiltration of the atypia, cryptitis and No granuloma or
lamina propria
crypt abscesses.
crypt abscess seen.
involving the gastric Lamina propria
The duodenum
mucosa, duodenum showed increase in
showed chronic
and colonic mucosa. neutrophilic and
inflammation.
lymphoplasmacytic
infiltration.

Nil

No. 4

Nil

Lymphocytic
Mild inflammation
infiltration of
in the lamina
lamina propria. No
propria with
granuloma or crypt lymphocytes and
abscess seen
plasma cells. No
granuloma or crypt
abscess

First biopsy:
transmural
inflammation
involving all
layers of bowel
wall, including
the skeletal
muscle with dense
lymphoplasmacytic
infiltration. No
crypt abscess seen.
Second biopsy:
colonic mucosa
inflammed but
the architecture
was preserved.
Significant
lymphoplasmacytic
and neutrophilic
infiltration mainly
confined to the
lamina propria
Nil

Developmental
Nil
Nil
regression at 6 yr age
Not done
Not done
Not detected
Not detected
Not detected
Not detected
CS, CsA, enteral
CS, Aza
CS, Aza, IFX × 24
EN, CS, Aza, IFX × Aza, IFX × 3 doses
Nil
nutrition
doses
14 doses
Total colectomy at
Nil
Ileostomy at 6 yr of
Nil
Nil
Ileostomy; closure
18 mo
age
at 18 mo of age
21 yr
6 yr
9 yr
6 yr
13 yr
3 yr
Alive, deafness due Alive, in remission;
Alive, persistent
Alive, persistent Alive, in remission; Alive, in remission;
to aminoglycosides.
on Aza
disease, on CS, Aza. disease, on CS, Aza off therapy for 2 yr
no therapy
in remission, off
Developmentally
and IFX. Parents
therapy for 18 yr
delayed.
refused surgery

1

According to Levine et al[24]. Aza: Azathioprine; CD: Crohn’s disease; CMV: Cytomegalovirus; CS: Corticosteroid; CsA: Cyclosporin; EC: Eosinophilic
colitis; EN: Enteral nutrition; IFX: Infliximab; PR: Per rectal; UC: Ulcerative colitis.

colonic ulceration. There was persistent and severe
perianal disease. EEN (amino acid-based formula)
was recommenced in addition to low dose CS (10
mg). Repeated courses of oral antibiotics (amoxicillin,
doxycycline, metronidazole and vancomycin) were
[30]
also given . The condition improved with this regime
with a reduction of the number of bloody stools. The
perianal disease became quiescent with no abscess or
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fistula.

IBD-U

Infant #6 developed chronic bloody diarrhea at four
months of age. She has been breast-fed exclusively
since birth. She was given repeated courses of
antibiotics even though the stool studies were negative
for any pathogens. Subsequently she had several
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infiltration. A closure of the colostomy was performed
at 15 mo of age. Postoperatively she remained well
and asymptomatic. The clinical presentation, co
lonoscopic appearance and histologic features were
classically that of CD, but the subsequent course, i.e.,
sustained remission without immunosuppression made
a diagnosis of CD unlikely. Hence a diagnosis of IBD-U
was made.

Table 2 Comparison of disease characteristics, management
and final outcome of infantile-onset inflammatory bowel
disease and children with onset of disease after 12 mo of age
Onset before Onset after 1
1 year, n (%) year, n (%)
n
Median age at diagnosis (yr)
Duration of follow-up (yr),
median (range)
Male
Female
Crohn’s disease
Ulcerative colitis
IBD-unclassified
Initial presentation, n (%)
Bloody diarrhea
Perianal disease
Extraintestinal involvement
Autoimmune liver disease
Therapy
Biologics-infliximab
Surgery
Disease status at final review
Inactive disease or in clinical
remission
Discontinuation of
immunosuppression
Yes
No

P value

6
0.44
6.1 (1.4-19.6)

41
8.34
8.3 (1.0-16.6)

4
2
3
2
1

22
19
22
19
0

6 (100)
3 (50)

23 (55)
8 (19)

0.039
0.11

0 (0)

8 (19)

0.31

3 (50)
3 (50)

15 (36)
12 (29)

0.40
0.27

3 (50)

27 (66)

0.40

3 (50)
3 (50)

5 (12)
36 (88)

0.053

Medical and surgical therapies

Five of the six patients had immunosuppressive
therapies consisted of CS, Aza, cyclosporin and IFX. In
addition, one patient (infant No. 1) who had an initial
diagnosis of allergic colitis also had elemental diet. All
the three patients with CD were given IFX (see above).
Three patients required surgery: one had total
colectomy, one had colostomy and another had ile
ostomy.

Final disease status

IBD: Inflammatory bowel disease.

perianal abscesses and fistulas requiring incision
and drainage. She was seen at another hospital at
five months of age, where a limited sigmoidoscopy
showed extensive, deep linear ulceration up to the
sigmoid colon. A sigmoidal colostomy was performed.
Histological examination of the bowel tissue obtained
during the operation showed transmural inflammation
involving the muscular layer and the serosa. After the
colostomy, the child improved with weight gain and a
complete cessation of diarrhea. No immunosuppression
treatment was started.
When seen at our hospital at seven months of
age, the perianal area was quiescent with a skin
tag. No abscess was noted. An EGDS was normal. A
colonoscopy showed multiple flat nodules with relatively
normal mucosa over the rectum. The remaining
colon was pale with loss of normal vascular pattern.
There were no pseudopolyps, mucosal ulcerations
or friability. Histologically, the colonic mucosa was
inflamed. The tubular glands were devoid of significant
architectural distortion. The lamina propria showed
marked infiltration by lymphoplasmacytic cells with the
formation of lymphoid follicles and mild neutrophilic
infiltrates. There were occasional cryptitis, but no crypt
abscess or granuloma was noted.
She received nutritional supplement. No immuno
suppressive therapy was started. A repeat EGDS and
colonoscopy at 14 mo of age were entirely normal
macroscopically. Histologically the colonic architecture
was well preserved with minimal lymphoplasmacytic
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At final review (median duration of follow up: 5.5 years;
range 2.0-20 years), all patients survived. Of these,
three patients (50%) were in complete remission,
two patients with CD had inactive disease with no
immunosuppression while one patient with UC was in
remission after total colectomy (Table 1). One patient
with UC was in remission with Aza. Two patients have
active disease despite adequate immunosuppressive
therapies at a recommended dose.

Comparison with patients with later-onset disease

A comparison was made between the IO-IBD
described in the present study and other patients with
later-onset IBD (onset of disease after 12 mo of age)
who were followed up at the department (Table 2). As
compared to patients with later-onset disease, children
with IO-IBD were more likely to have bloody diarrhea
at presentation (100% vs 55%, P = 0.039) but were
not more likely to have an associated autoimmune
liver disease (0% vs 19%, P = 0.31), require the
use of biologics (50% vs 36%, P = 0.40), or surgery
(50% vs 29%, P = 0.27), or achieving remission at
final review (50% vs 64%, P = 0.40). However, there
was a trend for patients with IO-IBD to discontinue
immunosuppressive therapy (50% vs 88%, P = 0.053).

Comparison with Caucasian patients

A comparison was made between patients described in
the present study and those reported in the literature
(Table 3). Three other studies, all from European
[8,9,14]
centers, described IO-IBD
. Generally patients
with IO-IBD required aggressive immunosuppression.
Between 19% and 33% of the patients had surgery.
However, prolonged remission, some without
immunosuppression, was achieved in 67% to 100% of
patients.

Mutational analysis

Mutational analysis for coding regions together with
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Table 3 Clinical characteristics, management and outcome of infantile-onset inflammatory bowel disease in selected series
Ref.

Patients in all
age group),
n (%)

1

Ruemmele
et al[8]

10 (2.5)

2

Cannioto
et al[9]

16 (8.6)

Nature of
Age of patients Duration of
patients, n (%)
at onset of follow-up (yr),
median (range)
disease
CD = 4 (40)
UC = 2 (20)
IC = 4 (40)
CD = 6 (37.5)
UC = 8 (50)

First 12 mo

2.5 (2.5-8)

First 2 yr

6 (4-22)

Begue
et al[15]

13 (-)

4

Present
study,
Malaysia,
2016

6 (13)

All had
pancolitis, 6 had
small bowel
involvement2
CD = 4 (67)
UC = 2 (33)

First 12 mo

-

First 12 mo

5 (1.5-20)

Surgery,
n (%)

Bowel rest, PN,
3 (30);
CS, Aza, CsA 2 colectomy, 1
ileostomy

Indeterminate
= 2 (12.5)
3

Medical
therapies

Aggressive
multi-drug
therapy,
Aza, IFX,
thalidomide,
CsA
-

3 (19);
2 colectomy, 1
ileostomy

Bowel rest,
steroids, Aza,
CsA, INF

3 (33);
1 colectomy, 2
ileostomies

Disease status: remission
of survivors at final
review, n (%)

Deaths

10 (100);
off therapy, 2 (20);

None

ongoing therapy, 8 (80)
11 (100);
off therapy, 4 (25);

5
(mortality
rate 31%)1

ongoing therapy, 6 (38),

4 (31)

after BMT, 1 (6)
All required immunosuppressive therapy.
Final disease status not
described
4 (67);
off therapy, 3 (50);

Not
described

None

ongoing therapy, 1 (17);
not in remission, 2 (33)

The authors included IBD and IBD-mimicking enterocolitis; 1Two deaths were related to infections; one death each for interstitial pneumonia, post-BMT,
and giant cell hepatitis progressing to liver failure; 2The authors did not classify the patients into either Crohn’s disease (CD), ulcerative colitis (UC) or
indeterminate colitis (IC). Aza: Azathioprine; BMT: Bone marrow transplantation; CS: Corticosteroid; CsA: Cyclosporin; IBD: Inflammatory bowel disease;
IFX: Infliximab; PN: Parenteral nutrition.

splice junctions of IL10 and IL10R were performed by
genomic Sanger sequencing of the three patients with
CD and one infant with IBD-U. No causative mutation
was identified.

DISCUSSION
Inherited genetic defect leading to immune dys
regulation, the influence of intestinal microbiome
and environmental factors have all been considered
playing an important role in the pathogenesis of IBD,
[14]
including IO-IBD . Mutations in IL10 and IL10R have
been identified in a subset of infants with severe IO[13-17,20]
IBD
, often presenting with perianal fistulae,
respond poorly to medical therapies and needing early
[16]
surgical interventions . HSCT has been shown to be
[13-16]
curative in IBD secondary to IL10/IL10R deficiency
.
However, clearly not every young child with IO-IBD
[14,15]
have mutations in IL10 or IL10R
. Of the 13 infants
[15]
with IO-IBD reported by Begue et al , only two (15%)
[14]
were found to have a deficient IL10 signaling .
Instead the authors found additional compromised
[14]
signaling in IL22 in a patient with absent IL10RB .
[22]
Similarly, Shim et al reported that only seven (50%)
of the 14 Korean infants with IO-IBD had mutations
in IL10RA. Thus it is likely that IO-IBD represents a
heterogeneous group of disorders with the common
feature of early-onset severe colitis within the first
[8,9,14,22]
weeks to months of life
. Mutations in IL10 and
IL10R may be responsible in a significant proportion of,
[13]
but not all, young children with IO-IBD. Uhlig et al
have shown that many other monogenic disorders
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and primary immunodeficiencies, including SCID and
Wiskott-Aldrich syndrome, are recognized causes of IO
colitis.
In the present study on six Asian children with IOIBD, the disease phenotype was diverse. From the
initial presentation and subsequent disease course,
three patients [1 UC (patient No. 2) and 2 CD (patient
No. 4 and 5)] closely resembled classical UC and CD.
In the remaining three cases, the disease behavior and
progression significantly differed from classical CD or
UC.
The only patient with IBD-U achieved sustained
remission and resolution of the perianal disease after
ileostomy was created at four months of age, despite
no immunosuppression. The initial features were
indistinguishable with that of classical CD with severe
perianal abscesses and fistulas, and the presence of
deep, linear, extensive ulcerations at the rectum and
sigmoid colon. Severe allergic colitis was unlikely as
the initial histology showed transmural involvement.
There was continuing remission even after the closure
of ileostomy at 16 mo of age. Mutational analysis for
IL10 and IL10R was negative.
A review in the literature did not reveal any cases
of CD with spontaneous remission without immuno
[31,32]
suppression or other medical therapy
. Thus even
though the clinical, colonoscopic and histological
features in this patient closely resembled that of CD,
the child was classified as having IBD-U.
Another interesting case that merits special attention
was the child with initial presentation with pancolitis,
heavy eosinophilic infiltration of the colonic mucosa,
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and resistance to elemental formula and even immuno
suppression. This closely resembled a case of severe
allergic colitis. This was followed at later stage with
lymphoplasmacytic infiltration seen typically in IBD.
This transformation from allergic colitis to IBD has been
[8]
similarly observed by other authors .
Our findings are similar to those described by
[8,9,14]
other authors
. Generally, patients with IO-IBD
need aggressive therapy, often with a combination of
[8,9,14]
immunosuppression
. Some needed biologics such
[9]
as IFX . Between 19% to 33% needed surgery, either
[8,9]
ileostomy or colectomy . Nevertheless complete
remission can be achieved in a significant proportion
of patients either with ongoing immunosuppression or
[8,9,14]
discontinuation of therapy
.
With the exception that children with IO-IBD were
more likely to have bloody diarrhea at presentation,
there were no significant differences between the IOIBD and children with the onset of disease after oneyear of age in terms of developing autoimmune liver
disease, the need for biologics, risk for subsequent
surgery, achieving remission at final review, or achieving
remission without on-going immunosuppression.
Unlike the authors from Korea which showed that
50% of the 14 children with IO-IBD had mutations in
[19]
IL10RA , none of the three patients with CD phenotype
and the case with IBD-U in the present study had any
identified mutations in IL10 or IL10R. Nevertheless
continuing efforts is necessary to identify such mutations
in all patients with IO-IBD. However, it should be pointed
out that only four of the six patients with IO-IBD had
mutational analysis for IL10 and IL10R performed. The
remaining two patients, who both had phenotype similar
to UC, had no mutational analysis. This was because IOIBD secondary to mutations in IL10 and IL10R genes
usually present with CD phenotype.
The present study was conducted from a region
where the incidence of IBD is much lower as compared
[33]
to the West . This have contributed to the small
number of patients with both IO-IBD and later-onset
disease reported in the present study.
We did not perform anti-Saccharomyces cerevisae
antibody (ASCA) for the patients with early onset
disease. Recently, high ASCA seropositivity rates
[34]
have been found in patients with early-onset IBD .
The implications of finding a positive ASCA in patient
with CD include oral involvement and a more severe
[35]
disease . However, the finding of high seropositivity
rate of ASCA in early onset CD has not been reported
[36]
by other authors .
There are several weaknesses in the present study.
Firstly, the number of children with infantile colitis
described was small. The present study was conducted
in an area with low incidence of IBD. Over the study
period of 18 years in the only referral center for pe
diatric IBD in Malaysia, only six cases of IO-IBD were
noted. Thus it may be difficult to draw many significant
conclusions from the findings of the present study.
Secondly, mutational analysis for other known
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causes of infantile colitis were not performed in the six
[10]
cases of IO-IBD described in the present study . Thus
we were unable to characterize further the genetic
basis of these six cases of IO-IBD described.
In addition, there may be selection bias when
comparing the outcome of IO-IBD with the outcome of
patients with later-onset disease. It is well known that
IO-IBD is a heterogenous group of conditions and is
comprised of several different disease caused different
genetic mutations but characterized by early onset of
disease.
However, it is well known that the incidence of IBD
[33]
in Asian adults is increasing . It is anticipated that
the incidence of IBD in Asian children would similarly
[33]
be increasing . The present study will add to the body
of knowledge for this rare disease in Asian children.
Currently, most of the cases of IO-IBD described in
the literature were from the Middle East or Caucasian
[8,9]
population .
We conclude that IO-IBD consists of a hetero
geneous group of disorders with different pathogenic
mechanisms but with the common manifestation of
severe colitis presenting in the first few months of life.
Aggressive immunosuppression and surgery are often
necessary. Nevertheless sustained remission, in some
cases without immunosuppression, can be achieved in
a significant proportion of patients. Continuing efforts
to elucidate novel mechanisms responsible for the
breaking down of intestinal integrity is necessary in
this group of infants.
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Abstract
AIM
To assess risk factors of hospital admission for acute
colonic diverticulitis.
METHODS
The study was conducted as part of the second wave
of the population-based North Trondelag Health Study
(HUNT2), performed in North Trondelag County,
Norway, 1995 to 1997. The study consisted of 42570
participants (65.1% from HUNT2) who were followed
up from 1998 to 2012. Of these, 22436 (52.7%) were
females. The cases were defined as those 358 par
ticipants admitted with acute colonic diverticulitis during
follow-up. The remaining participants were used as
controls. Univariable and multivariable Cox regression
analyses was used for each sex separately after multiple
imputation to calculate HR.
RESULTS
Multivariable Cox regression analyses showed that
increasing age increased the risk of admission for
acute colonic diverticulitis: Comparing with ages < 50
years, females with age 50-70 years had HR = 3.42,
P < 0.001 and age > 70 years, HR = 6.19, P < 0.001.
In males the corresponding values were HR = 1.85, P
= 0.004 and 2.56, P < 0.001. In patients with obesity
(body mass index ≥ 30) the HR = 2.06, P < 0.001
in females and HR = 2.58, P < 0.001 in males. In
females, present (HR = 2.11, P < 0.001) or previous
(HR = 1.65, P = 0.007) cigarette smoking increased
the risk of admission. In males, breathlessness (HR =
2.57, P < 0.001) and living in rural areas (HR = 1.74,
P = 0.007) increased the risk. Level of education,
physical activity, constipation and type of bread eaten
showed no association with admission for acute colonic
diverticulitis.
CONCLUSION
The risk of hospital admission for acute colonic
diverticulitis increased with increasing age, in obese
individuals, in ever cigarette smoking females and in
males living in rural areas.
Key words: Acute colonic diverticulitis; North Trondelag
Health Study; Risk factors; Multivariable Cox regression
analysis; Multiple imputation
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Core tip: We sought to determine what health
related factors were together associated with later
admission for acute colonic diverticulitis. The factors
were derived from the North Trondelag Health Study
(HUNT2) in Norway, the HUNT2 study, performed
during 1995-1997. The study had 42570 participants
who used Levanger Hospital as their primary hospital.
They were observed until 2012. Following HUNT2,
the participants contributed 611492 person-years of
follow-up. In all, 358 cases had been admitted with
acute colonic diverticulitis. In a multivariable analysis,
increasing age and increasing Body Mass Index were
associated with increased risk of admission for acute
colonic diverticulitis in both gender. In females,
cigarette smoking likewise increased the risk of
admission. In males, breathlessness, a HUNT variable
associated with Chronic Obstructive Pulmonary Disease,
increased the risk of admission. On the other hand,
physical activity, constipation and type of bread eaten
showed no association with admission for acute colonic
diverticulitis.
Jamal Talabani A, Lydersen S, Ness-Jensen E, Endreseth
BH, Edna TH. Risk factors of admission for acute colonic
diverticulitis in a population-based cohort study: the North
Trondelag Health Study, Norway. World J Gastroenterol 2016;
22(48): 10663-10672 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i48/10663.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i48.10663

Introduction
Diverticular disease of the colon is highly prevalent in
Western populations and adds to the already rising
[1]
expenditures in healthcare systems . The prevalence
of diverticular disease is age dependent and increases
from 5% in the age group 30-39 years to 60% among
[2]
those older than 80 years of age .
Acute diverticulitis is the most common complication
[3]
of colonic diverticulosis , with increasing incidence and
[4,5]
admission rates in recent years . Acute diverticulitis
[6]
may also recur in 9% to 23% of patients .
The heritability of diverticular disease has been
[7]
estimated at 40% in a large Swedish twin study , and
a number of lifestyle related risk factors have been
attributed to acute colonic diverticulitis. Obesity, reduced
physical activity, tobacco smoking and reduced dietary
fiber intake have all been associated with increased risk
of acute colonic diverticulitis, but few studies have been
[8-12]
able to assess all these factors together
.
The aim of the present study was to assess risk
factors of hospital admission for acute colonic diverticu
litis in a prospective population-based cohort study.
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Invited to HUNT2
(n = 93898)

Participated in HUNT2
(n = 65372)

Participants belonging to
Levanger Hospital
(n = 43589)

Participated, answered
questionnaires and
measured BMI
(n = 42733)

Study Group
(n = 42570)

Participants belonging to
Namsos Hospital
(n = 21783)

Missing answers and
measurements
(n = 856)

Patients admitted with
diverticulitis 1988-1997
(n = 163)
Admitted with diverticulitis
1988-2012
(n = 650)

Admitted with diverticulitis
1988-1997
(n = 163)

Controls (n = 42212)

Cases (n = 358)

Not participated in HUNT2
study
(n = 129)

Figure 1 Flow diagram for participants and patient inclusions. HUNT2: North Trondelag Health Study; BMI: Body mass index.

MATERIALS AND METHODS
Study population

During 1995 to 1997, all residents in North Trondelag
County, Norway, aged 20 years and older, were invited
to participate in the second wave of the North Trondelag
Health Study (HUNT2), a survey consisting of written
questionnaires on health related topics, physical
[13]
examinations and blood sampling . In the present
study, the population of the ten municipalities who used
Levanger Hospital as the primary hospital was included,
representing 73% of the population in North Trondelag
County. The great majority are ethnic whites.
During 2012 and 2013 we retrospectively searched
for all patients who had been admitted to Levanger
Hospital following HUNT2, from 1998 to 2012, with the
diagnosis acute colonic diverticulitis. The population of
North Trondelag is served by two hospitals, Levanger
Hospital is the largest and serving 10 municipalities.
All treatment is given free of charge for the population.
The patients were identified in the hospital patient
administrative system, using the discharge codes for
colonic diverticular disease in international classification
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of diseases ICD-9 and ICD-10. All the records were
reviewed to ensure a higher probability of a correct
diagnosis of acute colonic diverticulitis. All 358 patients
who had been admitted with acute colonic diverticulitis
and had participated in HUNT2 were included in the
present study as cases, and the remaining HUNT2
participants from the same ten municipalities were used

as controls. Figure 1 shows a flowchart of participants
and patient inclusions.
A computed tomography (CT) scan had been
performed during the hospital stay in 161 patients
(45%) and later in 52 (14.5%) additional patients
during outpatient follow-up. Colonoscopy had been
performed in 139 (38.8%) patients. During the early
years of the study (mainly between 1998 and 2006), a
barium enema had been done in 120 (33.5%) patients
to diagnose diverticula in the colon. One or more of
these examinations had been performed in 331 patients
(92.5%).

Risk factors

A full description of the questionnaires and mea
surements in HUNT2 is given at http://www.ntnu.
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colonic diverticulitis, providing hazard ratios (HRs) with
95%CIs. Two-sided P-values < 0.05 were considered
significant.
The analyses were performed using IBM SPSS
Statistics 22 (SPSS Inc., Chicago, Il, United States) and
StatXact 9 (Cytel Inc., Cambridge, Ma, United States).
Statistical review of the study was performed by
one of the authors, professor in medical statistics, Stian
Lydersen.

Table 1 Percentage missing values in different variables
Variable

Females

Males

39
7
16
12
13
6

28
5
10
9
16
5

Hard physical activity
Cigarette smoking
Breathlessness
Constipation
Type of bread
Highest educational level

edu/hunt/data/que. From HUNT2 we gathered data
on sex, age, body mass index (BMI) and self-reported
data on physical activity, cigarette smoking, duration
of breathlessness, duration of constipation, main type
of bread eaten, level of education and type of living
area. Qualified personnel completed the standardized
measurements of height and weight. Individuals were
2
categorized as normal weight (with BMI < 25.0 kg/m ),
overweight (BMI 25-29.9) or obese (BMI ≥ 30), based
[14]
on the World Health Organization’s classification . Phys
ical activity was categorized as hard physical activity
less than or at least one hour per week. Cigarette smo
king was reported as never, previous or present daily
smoking. Both variables, “To what extent have you had
problems with breathlessness the last 12 mo” and “To
what extent have you had problems with constipation
the last 12 mo”, were answered by the respondents as
“not at all”, “slightly” or “very much”. Main type of bread
eaten was categorized as “only fine” [white bread,
white multigrain or whole meal (medium ground)], “only
coarse” [multigrain, whole meal (coarsely ground)] or
crisp bread, or “mixed” (mix of coarse and fine bread).
Highest educational level was classified into primary
school level or higher than primary school level. Living
area was categorized as urban or rural area.

Statistical analysis

The primary study endpoint was the first admission for
acute colonic diverticulitis at Levanger Hospital following
participation in HUNT2, until end of study December 31,
2012. The observation time was measured from date
of participation in HUNT2 to date of admission for acute
colonic diverticulitis. All HUNT2 participants belonging
to Levanger Hospital not admitted, were treated as
controls. Their observation time was measured from
date of participation in HUNT2 until end of study,
December 31, 2012, date of death, or moving out of
North Trondelag County, whichever occurred first.
Females and males were analysed separately. Six of
the analysed risk factors had a large number of missing
values; 54% of females and 46% of males had one or
more missing values (Table 1).
To reduce bias and avoid loss of sample size, we
used multiple imputation to handle these missing data.
We imputed 100 data sets, as recommended by Carpe
[15]
nter and Kenward .
A Cox proportional hazards model was used for mul
tivariable analysis of risk factors of admission for acute
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Ethical approval

The participants in HUNT2 gave written informed
consent for medical research, including future linkage
to patient records at the hospitals. The present study
is approved by the Regional Committee for Health and
Research Ethics (2011/1782/REK midt).

RESULTS
In HUNT2, 65372 persons attended (69.5% response
rate). Of these, 42570 persons had Levanger Hospital
as their primary hospital and were included in the
present study. Following HUNT2, the participants contri
buted 611492 person-years of follow-up, and 358 cases
were admitted with acute colonic diverticulitis (Figure
1). The remaining HUNT2 participants belonging to
Levanger Hospital were used as controls, excluding the
129 persons who had been admitted with acute colonic
diverticulitis during 1988 and 1997 (preceding HUNT2).

Baseline characteristics

In the included cohort, 22436 (52.7%) were females.
The mean age at baseline was 50.0 (SD 17.2) and 49.5
(SD 16.7) years for females and males, respectively.
During follow-up, 358 participants were admitted to
Levanger Hospital with acute colonic diverticulitis, 233
(65.1%) were females, and the mean age at admission
was 69.3 (SD 13.2) and 63.9 (SD 14.1) years for
females and males, respectively. Among the patients
who had been admitted with acute colonic diverticulitis,
but did not participate in HUNT2 (excluded from the
present study), 54 (42%) were females, and the mean
age at admission was 62.6 years (SD 16.0) for females,
and 52.7 years (SD 16.6) for males.
Mean time from participation in HUNT2 to admission
for acute colonic diverticulitis was 9.48 (SD 4.5) and 9.16
(SD 4.4) years for females and males, respectively.
Table 2 shows the sex-specific distribution of baseline
characteristics of cases and controls. In both sexes, the
age and BMI were higher and frequency of physi
cal activity was lower among cases than controls. In
females, more cases smoked cigarettes daily than
controls. In both sexes, cases were more affected with
breathlessness and constipation than controls. In both
sexes, coarse type of bread was eaten more frequently
in cases than controls. In both sexes, cases had lower
educational level than controls. Among males, cases
lived more often in a rural area than controls.
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Table 2 Baseline characteristics of the study population n (%)
Characteristic

Acute colonic diverticulitis 1998-2012
Females

Study population
Age in years at inclusion
Mean ± SD
Age groups (yr)
< 50
50-70
> 70
BMI (kg/m2)
< 25
25-29.9
≥ 30
Hard physical activity (h/wk)
<1
≥1
Missing
Smoking cigarettes
Never
Previous
Daily
Missing
Problems with breathlessness the last 12 mo
Not at all
Slightly
Very much
Missing
Problems with constipation the last 12 mo
Not at all
Slightly
Very much
Missing
Type of bread
Only fine
Mixed
Only coarse
Missing
Highest educational level
Primary school
Above primary school
Missing
Living area
Urban
Rural

Males

No

Yes

No

Yes

22203

233

20009

125

49.9 (17.2)

59.8 (13.8)

49.5 (16.7)

54.7 (14.4)

11892 (99.5)
6708 (98.4)
3603 (98.3)

57 (0.5)
112 (1.6)
64 (1.7)

10787 (99.6)
6307 (99.1)
2915 (99.3)

45 (0.4)
58 (0.9)
22 (0.7)

9987 (99.3)
8206 (98.9)
4010 (98.1)

68 (0.7)
89 (1.1)
76 (1.9)

6983 (99.6)
10146 (99.4)
2880 (98.8)

26 (0.4)
64 (0.6)
35 (1.2)

9346 (99.0)
4286 (99.6)
8571 (98.6)

91 (1.0)
19 (0.4)
123 (1.4)

8368 (99.3)
6105 (99.4)
5536 (99.4)

58 (0.7)
36 (0.6)
31 (0.6)

10134 (99.2)
4137 (98.8)
6295 (98.8)
1637 (98.4)

81 (0.8)
51 (1.2)
75 (1.2)
26 (1.6)

7337 (99.6)
6175 (99.2)
5491 (99.4)
1006 (99.1)

31 (0.4)
52 (0.8)
33 (0.6)
9 (0.9)

17030 (99.1)
1434 (98.8)
185 (98.4)
3554 (98.4)

155 (0.9)
17 (1.2)
3 (1.6)
58 (1.6)

16585 (99.5)
1262 (98.5)
189 (98.4)
1973 (99.2)

87 (0.5)
19 (1.5)
3 (1.6)
16 (0.8)

13664 (99.1)
4640 (99.0)
1213 (98.3)
2686 (98.6)

125 (0.9)
48 (1.0)
21 (1.7)
39 (1.4)

15690 (99.4)
2201 (99.4)
285 (99.0)
1833 (99.0)

90 (0.6)
14 (0.6)
3 (1.0)
18 (1.0)

2670 (99.0)
3158 (99.0)
13440 (98.9)
2935 (99.2)

28 (1.0)
33 (1.0)
147 (1.1)
25 (0.8)

3798 (99.5)
4062 (99.4)
9018 (99.3)
3131 (99.4)

20 (0.5)
23 (0.6)
62 (0.7)
20 (0.6)

8146 (98.7)
12687 (99.3)
1370 (97.3)

110 (1.3)
95 (0.7)
28 (2.7)

5519 (99.2)
13536 (99.5)
954 (99.4)

46 (0.8)
73 (0.5)
6 (0.6)

18225 (98.9)
3978 (99.1)

195 (1.1)
38 (0.9)

16425 (99.4)
3584 (99.1)

91 (0.6)
34 (0.9)

Data given as n (%) unless otherwise stated.

Risk factors for admission for acute colonic diverticulitis

Tables 3 and 4 shows the results of univariable and
multivariable Cox regression analyses for each sex
separately after the multiple imputation. In the
multivariable analysis, increasing age was associated
with increased risk of admission for acute colonic
diverticulitis in both sexes (HR = 3.42, 95%CI:
2.40-4.86, P < 0.001 for ages 50-70 years and HR
= 6.19, 95%CI: 4.02-9.54, P < 0.001 for ages > 70
years in females). In males the corresponding values
were HR = 1.85, 95% CI: 1.22 to 7.80, P = 0.004
and 2.56, 95%CI: 1.45-4.52, P < 0.001. Obesity was
associated with increased risk of admission for acute
colonic diverticulitis in both sexes (HR = 2.06, 95%CI:
1.46-2.91, P < 0.001 in females and HR = 2.58,
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95%CI: 1.53-4.34, P < 0.001 in males). In females,
both present and former daily cigarette smoking was
associated with increased risk of admission for acute
colonic diverticulitis (HR = 2.11, 95%CI: 1.51-2.94,
P < 0.001 for daily smokers; HR = 1.65, 95%CI:
1.15-2.36, P = 0.007 for former smokers). In males,
an increased risk of admission for acute colonic diver
ticulitis was observed in persons who reported slight
problem with breathlessness during the last 12 mo (HR
= 2.57, 95%CI: 1.55-4.28, P < 0.001) and in persons
living in a rural area (HR = 1.74, 95%CI: 1.17-2.58, P
= 0.007).
Level of education, hard physical activity, consti
pation and type of bread eaten showed no association
with the risk of admission for acute colonic diverticulitis.
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Table 3 Univariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation for
missing values
Characteristic
Age in years (yr)
< 50
50-70
> 70
BMI (kg/m2)
< 25
25-29.9
≥ 30
Hard physical activity (h/wk)
<1
≥1
Smoking cigarettes
Never daily
Formerly
Present daily
Problems with breathlessness the last 12 mo
Not at all
Slightly
Very much
Problems with constipation the last 12 mo
Not at all
Slightly
Very much
Type of bread
Only fine
Mixed
Only coarse
Highest educational level
Primary school
Higher than primary school
Living area
Urban
Rural

Females

Males

HR (95%CI)

P value

HR (95%CI)

P value

1 (ref)
3.55 (2.58-4.89)
5.88 (4.10-8.44)

< 0.001
< 0.001

1 (ref)
2.36 (1.60- 3.48)
3.46 (2.06-5.79)

< 0.001
< 0.001

1 (ref)
1.59 (1.16-2.18)
2.86 (2.06-3.97)

0.004
< 0.001

1 (ref)
1.62 (1.03-2.56)
3.20 (1.93-5.31)

0.040
< 0.001

1 (ref)
0.46 (0.27- 0.77)

0.003

1 (ref)
0.85 (0.56-1.29)

0.45

1 (ref)
1.45 (1.04-2.01)
1.36 (1.01-1.83)

0.027
0.043

1 (ref)
2.12 (1.36- 3.13)
1.49 (0.91- 2.44)

0.001
0.11

1 (ref)
1.44 (0.87-2.36)
2.32 (0.76- 7.12)

0.15
0.14

1 (ref)
3.09 (1.88- 5.08)
3.54 (1.13-11.2)

< 0.001
0.031

1 (ref)
1.14 (0.82-1.60)
2.02 (1.29-3.18)

0.44
0.002

1 (ref)
1.25 (0.72-1.19)
2.35 (0.76-7.24)

0.43
0.14

1 (ref)
0.97 (0.58-1.61)
1.01 (0.67-1.51)

0.90
0.96

1 (ref)
1.03 (0.57-1.86)
1.26 (0.76-1.08)

0.93
0.38

1 (ref)
0.49 (0.37-0.64)

< 0.001

1 (ref)
0.57 (0.39-0.82)

0.002

1 (ref)
0.92 (0.65-1.30)

0.63

1 (ref)
1.80 (1.21-2.67)

0.004

BMI: Body mass index.

We also carried out these analyses separately for
each of the three age groups. Results were substan
tially the same (data not shown).
In another analysis, we excluded the variable
breathlessness, and there were only insignificant
changes in the HRs for all of the remaining variables.

DISCUSSION
Main findings

The main finding of this prospective population-based
cohort study was that obese individuals had twice
the risk of admission for acute colonic diverticulitis
compared to normal weight individuals. This associ
ation was found in both females and males. Moreover,
previous and present daily cigarette smoking also
increased the risk of admission for acute colonic
diverticulitis in females. There was no association
between hard physical activity, constipation or eating
bread with fine or coarse grains and risk of admission
for acute colonic diverticulitis.
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Relation to other reports

The present study demonstrated an increased risk of
admission for acute colonic diverticulitis by increasing
age in both females and males. This is consistent with
[4,16]
findings reported by other studies
.
There was an increased risk of admission for acute
colonic diverticulitis in obese persons (BMI ≥ 30). This
is in agreement with other population-based studies.
[17,18]
In two prospective cohort studies of males
, the
risk of acute colonic diverticulitis was 1.6 and 3.2 times
higher among overweight individuals (BMI 25-29.9)
and 1.8 and 4.4 times higher among obese individuals
(BMI ≥ 30), compared with those of normal weight
(BMI 18.5-4.9). In a prospective cohort study of
females, the risk was 1.3 times higher for overweight
[19]
and obese individuals . A weakness with these
studies was the sex-specific nature of the cohorts.
Previous studies found that physical activity, in
general, decreased the risk of acute colonic diverti
[12,19]
culitis
. However, the present study found no
association between hard physical activity for at least
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Table 4 Multivariable Cox regression analysis of risk factors relating to admission for acute diverticulitis, after multiple imputation
for missing values
Characteristic
Age in years (yr)
< 50
50-70
> 70
BMI (kg/m2)
< 25
25-29.9
≥ 30
Hard physical activity (h/wk)
<1
≥1
Smoking cigarettes
Never daily
Formerly
Present daily
Problems with breathlessness the last 12 mo
Not at all
Slightly
Very much
Problems with constipation the last 12 mo
Not at all
Slightly
Very much
Type of bread
Only fine
Mixed
Only coarse
Highest educational level
Primary school
Higher than primary school
Living area
Urban
Rural

Females

P value

HR (95%CI)

P value

1 (ref)
3.42 (2.40-4.86)
6.19 (4.02-9.54)

< 0.001
< 0.001

1 (ref)
1.85 (1.22-7.80)
2.56 (1.45-4.52)

0.004
0.001

1 (ref)
1.25 (0.90-1.73)
2.06 (1.46-2.91)

0.18
< 0.001

1 (ref)
1.46 (0.92-2.32)
2.58 (1.53-4.34)

0.11
< 0.001

1 (ref)
0.67 (0.39-1.15)

0.15

1 (ref)
1.03 (0.67-1.57)

0.90

1 (ref)
1.65 (1.15-2.36)
2.11 (1.51-2.94)

0.007
< 0.001

1 (ref)
1.45 (0.91-2.31)
1.38 (0.84-2.29)

0.12
0.21

1 (ref)
1.12 (0.68-1.86)
1.43 (0.45-4.59)

0.66
0.55

1 (ref)
2.57 (1.55-4.28)
2.48 (0.74-8.39)

< 0.001
0.14

1 (ref)
1.05 (0.75-1.48)
1.54 (0.95-2.49)

0.77
0.078

1 (ref)
0.94 (0.53-1.66)
1.41 (0.43-4.68)

0.82
0.57

1 (ref)
1.08 (0.65-1.79)
0.93 (0.62-1.41)

0.77
0.74

1 (ref)
1.06 (0.58-1.93)
1.24 (0.74-2.07)

0.85
0.41

1 (ref)
1.13 (0.82-1.54)

0.46

1 (ref)
0.90 (0.61-1.33)

0.60

1 (ref)
0.92 (0.65-1.30)

0.63

1 (ref)
1.80 (1.21-2.67)

0.004

one hour per week and admission for the disease after
adjustments. Cigarette smoking has been associated
[10]
with increased severity of acute colonic diverticulitis .
In the present study, daily smoking increased the risk
of admission for the disease by 2.2-fold in females.
Previous studies found that smoking increased the
risk of acute colonic diverticulitis by 25%-60% in
[20-22]
both sexes
and increased the risk of complicated
[10,22]
diverticulitis by 2.7 to 3.6-fold
. However, drawbacks
[10]
of these studies were small number of cases , sex[20,21]
specific cohorts
or lack of adjustments for dietary
[22]
and other lifestyle factors like physical activity .
A previous long term study from this area of
patients admitted with acute colonic diverticulitis,
revealed an increased long term mortality by chronic
obstructive pulmonary disease (COPD) of 10%
[23]
(95%CI: 6.0-16) in . In comparison, COPD was the
cause of death in 4.2% (95%CI: 4.0-4.4) in the total
population from the same area. This suggested a link
between COPD and acute colonic diverticulitis, which
[24]
was also found in another study . In the present
study, we wanted to elucidate the association between
COPD and diverticulitis in another way. Duration of
breathlessness was chosen as a proxy variable for
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Males

HR (95%CI)

COPD from HUNT2. The results of the present study
showed that shortness of breath was associated with
increased risk of admission for the disease. Few studies
have previously studied the possible relationship
between COPD and diverticulitis, although one other
study, found that complicated diverticulitis was
associated with pulmonary symptoms and problems in
[25]
23% of the cases .
In the present study, constipation was not asso
ciated with increased risk of admission for acute
colonic diverticulitis. Similar, a recent multicenter study
found no association between constipation and left[26]
sided colonic diverticulosis , while in another study,
constipation was considered a symptom of, rather than
[27]
a direct risk factor for, acute colonic diverticulitis .
High dietary fiber intake is traditionally thought to be
[28,29]
associated with decreased risk of diverticular disease
,
[30,31]
although high quality evidence is lacking
. In the
present study, type of bread, whether fine or coarse,
had no effect on the risk of admission for acute colonic
diverticulitis. This is consistent with other studies, which
found no association between cereals and acute colonic
[21,32,33]
diverticulitis
.
In the present study, males living in rural areas
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had 80% increased risk of admission for acute colonic
diverticulitis. In two previous studies, the risk of acute
colonic diverticulitis was slightly elevated in both sexes
[16,34]
living in rural areas
.

Biological mechanisms

Aging showed increased risk of admission for acute
colonic diverticulitis. Colonic diverticulosis can be
considered a degenerative disease in which increasing
age leads to weakness of supporting connective tissue
and subsequent increase in intraluminal pressure and
later increased risk of colonic diverticulitis. However,
the exact mechanism of increased risk of diverticulitis
[35]
in humans with aging is still unclear .
Obesity is shown to be a risk factor for diverticular
[8,11,19,35]
disease and its complications
. One likely mecha
nism for development of acute colonic diverticulitis is
that increased fat deposition in the mesentery act proinflammatory with activation of macrophages within
the adipose tissue and subsequent increase in TNF-α.
Translocation of luminal bacteria from the intestine
to the systemic circulation due to impaired barrier
[35]
function may also play a role in this pathogenesis .
Cigarette smoking causes changes in the colonic
wall structure in patients with diverticular disease that
are similar to changes found in blood vessels caused
by smoking in other organs. In addition, smoking
is thought to affect colonic motility and intraluminal
[36]
pressure .
There is a possible coexistence between COPD and
acute colonic diverticulitis. While smoking is a known
risk factor for both diseases, it is unclear whether COPD
is a risk factor or comorbidity in this context. Both
inflammatory bowel disease and COPD share many
[37]
similarities in inflammatory pathogenesis , but the
mechanism behind the association between breath
lessness and risk of acute colonic diverticulitis is poorly
understood.

Strengths and weaknesses

This study has a population-based design with a large
sample size and high participation rate. This diminishes
selection bias, strengthens the study power, reduces
the risk of chance findings and facilitates subgroup
analyses. The objective and uniform measurement of
height and weight by qualified personnel minimized
[38]
the risk of differential misclassification of BMI .
The prospective nature and use of standardized
questionnaires on risk factors limits the potential for
recall bias.
The population of North Trondelag County is stable,
ethnic white, homogenous and representative of the
Norwegian population, with the exceptions of a slightly
[39]
lower average income and absence of a large city .
The wide range of exposure data collected in HUNT2
made it possible to adjust for a number of potential
confounding factors, like symptoms of constipation
and breathlessness, educational level and living area,
which is seldom done in analyses of acute colonic
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diverticulitis. We used multiple imputation to account
for missing data with the resulting more accurate HRs
and more precise CIs and significance tests.
Many patients with acute colonic diverticulitis
have vague symptoms, does not seek the doctor, and
recover without antibiotics. Only part of all patients
with this disease will be admitted to hospital. We are
not aware of any change in admission policy for acute
colonic diverticulitis during the study period. In addition
to using the ICD-codes set by the doctor in charge
at discharge, every hospital record was reviewed to
ensure a higher probability of a correct diagnosis and
[4]
prevent misclassifications . Still, the diagnosis of
acute colonic diverticulitis may have been incorrect in
a minority of patients with known diverticulosis, who
presented with pain in the lower abdomen, fever and
an elevated CRP, without a CT scan.
CT scan is considered to be gold standard for the
diagnosis of acute colonic diverticulitis. During the
earlier years of this study, CT scan was used more
infrequently. Even with the nowadays widespread
availability of CT scans in many countries, we think
it would be unadvisable due to radiation hazard, to
perform CT scans in every patient with suspected
uncomplicated, acute colonic diverticulitis.
Another limitation of the study is the 30% of
non-participants in HUNT2. Non-participants, who
were later admitted with acute colonic diverticulitis,
were younger than participants in HUNT2: 7 and 9
years younger for females and males, respectively.
Therefore, the study results may not be directly
generalizable to a younger population. Some subjective
variables that we used in the analysis, like symptom of
breathlessness and type of bread eaten, could have led
to information bias due to their questionnaires’ nature.
Another limitation is possible biased estimates due to
residual confounding, as there are always unknown
confounders that are unaccounted for in such studies.
The results of the present study apply to patients
with colonic diverticulitis that was severe enough to
require admission to hospital. The conclusions cannot
be transformed without reservations to patients with
diverticulitis not admitted to hospital.
In conclusion, this large prospective populationbased cohort study showed that increasing age was
associated with increased risk of admission for acute
colonic diverticulitis in both sexes. Obese individuals
had twice the risk of admission for acute colonic
diverticulitis compared to those with normal weight.
Previous or present cigarette smoking increased the
risk of admission for acute colonic diverticulitis in
females. There was no association between constipation
or eating bread with fine or coarse grains and admission
for acute colonic diverticulitis.
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Abstract
AIM
To analyze the effects of premedication with Pronase
for endoscopic ultrasound (EUS) examination of the
stomach.
METHODS
This was a prospective, randomized and controlled
clinical study. All patients were randomly assigned
to either the Pronase group or placebo group. The
pretreatment solution was a mixed solution of 20000
U of Pronase and 60 ml sodium bicarbonate solution
in the Pronase group, while an equal amount of
sodium bicarbonate solution was administered to the
placebo group. All operators, image evaluators and
experimental recorders in EUS did not participate in the
preparation and allocation of pretreatment solution.
Two blinded investigators assessed the obscurity scores
for the EUS images according to the size of artifacts
(including ultrasound images of the gastric cavity and
the gastric wall). Differences in imaging quality, the
duration of examination and the usage of physiological
saline during the examination process between the
Pronase group and the control group were compared.
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RESULTS
No differences existed in patient demographics between
the two groups. For the gastric cavity, the Pronase
group had significantly lower mean obscurity scores
than the placebo group (1.0476 ± 0.77 vs 1.6129 ±
0.96, respectively, p = 0.000). The mean obscurity
scores for the gastric mucosal surface were significantly
lower in the Pronase group than the placebo group
(1.2063 ± 0.90 vs 1.7581 ± 0.84, respectively, p =
0.001). The average EUS procedure duration for the
Pronase group was 11.60 ± 3.32 min, which was
significantly shorter than that of the placebo group
(13.13 ± 3.81 min, p = 0.007). Less saline was used
in the Pronase group than the placebo group, and the
difference was significant (417.94 ± 121.38 ml vs
467.42 ± 104.52 ml, respectively, p = 0.016).
CONCLUSION
The group that had Pronase premedication prior to the
EUS examination had clearer images than the placebo
group. With Pronase premedication, the examination
time was shorter, and the amount of saline used during
the EUS examination was less.
Key words: Artifacts; Randomized controlled trial;
Endosonography; Pronase; Stomach
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies have confirmed that Pronase
can improve the quality of endoscopic ultrasound
(EUS) images. Based on previous findings, this study
hypothesized that Pronase could further shorten the
duration of examination and reduce the usage of
physiological saline during EUS examination through
improving the quality of EUS images. Moreover, this
study verified this hypothesis. This study found that for
EUS examination, preoperative application of Pronase
could provide clearer ultrasound images, shorten
the duration of EUS examination, and reduce the
intraoperative usage of physiological saline.
Wang GX, Liu X, Wang S, Ge N, Guo JT, Sun SY. Effects of
premedication with Pronase for endoscopic ultrasound of the
stomach: A randomized controlled trial. World J Gastroenterol
2016; 22(48): 10673-10679 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v22/i48/10673.htm DOI: http://
dx.doi.org/10.3748/wjg.v22.i48.10673

INTRODUCTION
Endoscopic ultrasound (EUS) is an important tool
to diagnosis benign and malignant diseases of the
[1-4]
gastrointestinal tract and pancreaticobiliary system .
Previous studies demonstrated its superiority in
evaluating the staging of early gastric carcinoma
and gastric submucosal tumors, as compared with

WJG|www.wjgnet.com

standard diagnostic modalities such as computed
tomography, conventional ultrasonography, and
[5-14]
magnetic resonance imaging
. Gastric mucus is
one of the most frequent sources of artifacts during
[15,16]
an EUS
. The vague image will influence the EUS
procedure and increase the inspection time. Lowquality EUS images could lead to the misdiagnosis
of small lesions and misinterpretation of the invasion
[17,18]
depth in early gastric cancer
. To flush the mucosa
and eliminate artifacts, more saline would need to be
injected into the stomach, which is associated with a
more uncomfortable examination and an increased
risk of aspiration.
Pronase, separated and extracted from the culture
[19-21]
filtrate of Streptomyces griseus
, is a kind of
proteolytic enzyme that can disrupt the mucous gel layer
[22]
on the surface of the stomach , and it has been used
to prepare digestive and anti-inflammatory enzymes.
[23]
Fujii et al
first found that during chromoendoscopy
and conventional endoscopy procedures, premedication
with Pronase could improve endoscopic visualization.
Over the last 10 years, it has become common practice
to provide patients a pretreatment solution containing
dimethylpolysiloxane and Pronase before endoscopy.
[15]
Sakai et al
found that pretreatment with Pronase
could reduce artifacts during an EUS examination. Han
[24]
et al
also found that premedication with a mixture
containing bicarbonate and Pronase seemed to reduce
hyperechoic artifacts secondary to the gastric wall and
lumen.
Herein, we presumed that decreasing the number
of artifacts would shorten the EUS examination,
leading to a decrease in the amount of saline solution
irrigated during the procedure. To further address this
hypothesis, we conducted this study to analyze the
effects of Pronase on EUS imaging and EUS duration
time, as well as the saline volume irrigated during
EUS.

MATERIALS AND METHODS
Patients

This prospective, randomized and controlled singlecenter study was conducted at the Endoscopic Center
of Shengjing Hospital of China Medical University. The
eligibility and exclusion criteria are listed in Table 1.
At least 102 patients were needed to acquire 90%
statistical power based on a previous study performed
[24]
by Han et al
in 2011. All patients provided written
informed consent before the procedure. The Institutional
Review Board of China Medical University approved
this study based on the Helsinki Declaration. The trial
was registered in the Chinese Clinical Trial Registry
(ChiCTR-DPD-15006240).

Randomization and endoscopic procedures

The local clinical trials unit performed computerized
individual randomization. Included patients were
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Table 1 Eligibility and exclusion criteria for this study
Eligibility criteria
1
2
Exclusion criteria
1
2
3
4
5
6
7
8
9
10
11
12

Patients who required an EUS examination because of gastric diseases
Patients aged 18-70 yr
Patients with contraindications to endoscopy
Patients allergic to the pharmaceutical ingredients
Patients with gastric bleeding or suspected gastric bleeding
Patients with blood coagulation dysfunction
Patients with severe psychological diseases such as depression, anxiety, hypochondria and hysteria
Patients with severe cardiac dysfunction (NYHA cardiac function classification ≥ class Ⅲ)
Patients with abnormal hepatic function (serum ALT and AST levels of ≥ 4 times the upper normal limit)
Patients with renal dysfunction (serum Cr level of ≥ 2 times the upper normal limit)
Patients with moderate to severe ventilatory dysfunction
Diabetic patients with unsatisfactory glycemic control
Hypertensive patients with unsatisfactory blood pressure control
Pregnant women or women who are breastfeeding

ALT: Alanine aminotransferase; AST: Aspartate transaminase; Cr: Creatinine; EUS: Endoscopic ultrasonography; NYHA: New York Heart Association.

Table 2 Scoring of the gastric cavity obscurity grade
Score

Table 3 Scoring of the gastric wall surface in endoscopic
ultrasonography imaging

Number of high-echo spots

0
1
2
3

Score

No or few
Low
Moderate
High

randomly assigned to either the Pronase or placebo
group with a computer-generated random allocation
sequence. In the placebo group, the premedication
solution contained a 1 g sodium bicarbonate solution;
in the Pronase group, the premedication solution
contained a 1 g sodium bicarbonate solution and
20000 U of Pronase. All the solutions were placed in a
paper cup of the same color. In both groups, 60 ml of
the premedication solution was administrated about
10-30 min before the EUS examination, as a previous
[25]
report recommended . The study investigators were
not involved in the preparation of the premedication
solution. All patients underwent EUS examinations
using both radial and linear-array systems. All proce
dures were carried out by one endosonography.

Measurements

[15,24]

As previously reported
, for EUS imaging, the
gastric cavity obscurity grade is scored from 0 to 3
(Figure 1), according to the number of high-echo
spots, as shown in Table 2. EUS imaging of the gastric
wall surface was similarly scored (Figure 2), as shown
in Table 3. All EUS images were assigned to two
experienced endoscopists, who scored the images and
were blind to the procedure at the time of scoring.
We recorded the duration of the EUS procedure for all
patients. EUS duration was measured from the time
the endoscope was inserted into the mouth to the time
the endoscope was withdrawn from the mouth. One
investigator recorded the volume of saline solution
irrigated during the EUS procedure to determine

WJG|www.wjgnet.com

Artifacts

0
1
2
3

Notable, affecting the diagnosis
Moderate
Negligible
None, clear wall interface

whether premedication with Pronase decreased the
amount of saline used.

Statistical analysis

The demographic characteristics were assessed using
2
a Pearson χ test or one-way analysis of variance. The
obscurity scores for the two groups were assessed using
a rank sum test with Mann-Whitney U comparisons
and the Student’s t-test. The mean obscurity scores
for the gastric cavity and gastric mucosal surface, the
EUS procedure duration and the volume of saline were
expressed as mean ± SD and compared using the
Student’s t-test. A p value of < 0.05 was considered
significant.

RESULTS
From May 2015 to July 2015, 125 patients were en
rolled in the study and allocated equally to either the
Pronase group (63 patients) or placebo group (62
patients). There were no differences in age (p = 0.319),
sex (p = 0.611), location (p = 0.532), or EUS methods
(p = 0.391) between groups, as shown in Table 4.
The obscurity scores for the gastric cavity and gastric
mucosal surface were compared between the two
groups (Table 5). The Pronase group had significantly
lower obscurity scores for the gastric cavity and gastric
mucosal surface than the placebo group (p < 0.05).
Table 6 compares the mean obscurity scores for
the gastric cavity and gastric mucosal surface, and
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A

B

C

D

Figure 1 Scoring of the gastric cavity obscurity grade depending on the numbers of high-echo spots. A: Score 0, few or no high-echo spots in the gastric
cavity; B: Score 1, low number of high-echo spots; C: Score 2, moderate number of high-echo spots; and D: Score 3, high number of high-echo spots.

group was 11.60 ± 3.32 min, which was significantly
shorter than the placebo group (13.13 ± 3.81 min, p
= 0.007). The mean saline volumes were 417.94 ±
121.38 ml and 467.42 ± 104.52 ml in the Pronase
group and placebo group, respectively. The amount of
saline used for the Pronase group was less than that of
the placebo group, and the difference was significant (p
= 0.016).

Table 4 Demographic characteristics of enrolled patients
Pronase group Placebo group
Number of patients
Age, mean ± SD
Sex
Male
Female
Location
Fundus
Corpus
Antrum
Methods
Radial EUS
Linear-array EUS

Value

P value

t = 1.001

0.319

63
55.78 ± 12.37

62
53.47 ± 13.41

22
41

19
43

χ 2 = 0.259

0.611

14
26
23

9
29
24

χ 2 = 1.264

0.532

48
15

43
19

χ 2 = 0.737

DISCUSSION
0.391

EUS: Endoscopic ultrasonography

EUS procedure means, as well as the mean volume
of saline irrigated during the EUS procedure. As for
the gastric cavity, the mean obscurity scores in the
Pronase and placebo groups were 1.0476 ± 0.77
and 1.6129 ± 0.96, respectively. Additionally, for the
gastric cavity, the Pronase group had significantly
lower mean obscurity scores than the placebo group (p
= 0.000). As for the gastric mucosal surface, the mean
obscurity scores in the Pronase and placebo groups
were 1.2063 ± 0.90 and 1.7581 ± 0.84, respectively.
Further, for the gastric cavity, the Pronase group had
significantly higher mean obscurity scores than the
placebo group (P = 0.001).
The average EUS procedure time for the Pronase
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EUS is now increasingly available and plays a significant
role in the diagnosis and intervention of gastrointes
[1,26-29]
tinal and pancreaticobiliary diseases
. Artifacts
secondary to gastric mucus can potentially interfere
with visibility during EUS scanning of the stomach.
Bubbles and foams may lead to blurred layers and
borders and the possible diagnosis of a lesion that does
[16,30-32]
not exist
. Before EUS, premedication played a
major role in ensuring satisfactory visualization of the
[22,23,33]
gastric cavity and wall
.
Pronase, which can eliminate gastric mucus as a
mucolytic enzyme, can further improve diagnosis of
gastric diseases using radiographic imaging techni
[34]
[23]
ques . A randomized study conducted by Fujii et al
demonstrated that premedication with Pronase not
only substantially enhanced visibility before and after
methylene blue spraying, but also reduced the duration
[22]
of chromoendoscopy examination. In 2002, Kuo et al
also found that premedication with Pronase provided
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A

B

C

D

Figure 2 Scoring of the gastric wall surface depending on the amount of adherent mucus. A: Score 0, no artifacts, clear wall interface; B: Score 1, minimal
artifacts, negligible; C: Score 2, moderate artifacts; and D: Score 3, significant artifacts affecting diagnostic judgment.

Table 5 Endoscopic ultrasonography obscurity scores for the gastric cavity and mucosal surface

Gastric cavity obscurity scores during EUS
3
2
1
0
Gastric mucosal surface obscurity scores during EUS
3
2
1
0

Pronase group

Placebo group

Value

P value

14
35
11
3

8
21
20
13

Z = -3.428

0.001

11
37
6
9

7
10
36
9

Z = -3.861

0.000

EUS: Endoscopic ultrasonography.

Table 6 Mean endoscopic ultrasonography obscurity scores for the gastric cavity and mucosal surface
Pronase group
Mean gastric cavity obscurity scores
Mean gastric mucosal surface obscurity scores
Duration of EUS, mean ± SD
Volume of saline, mean ± SD

[15]

the clearest endoscopic visibility. In 2003, Sakai et al
reported the first Pronase trial and suggested that
premedication with Pronase reduced artifacts during
[24]
endoscopic ultrasonography. In 2011, Han et al
found that premedication with bicarbonate mixed with
Pronase decreased the number of hyperechoic artifacts
secondary to the stomach wall and lumen during EUS.

WJG|www.wjgnet.com

Placebo group

1.0476 ± 0.77
1.2063 ± 0.90
11.60 ± 3.32
417.94 ± 121.38

1.6129 ± 0.96
1.7581 ± 0.84
13.13 ± 3.81
467.42 ± 104.52

Value

P value

t = -3.617
t = -3.534
t = -2.387
t = -2.441

0.000
0.001
0.018
0.016

As for the gastric mucosal surface and gastric cavity,
we found that the Pronase group had significantly lower
obscurity scores than the placebo group. The average
time for the EUS examination was significantly shorter
for the Pronase group than the placebo group. The
amount of saline irrigated was significantly less for the
Pronase group than the placebo group. The Pronase
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premedication solution provided clearer images of the
patients according to the endosonographer, which may
facilitate EUS examination and shorten the procedure
duration. Meanwhile, a clearer image may lead to less
saline usage during the EUS examination.
[25]
Woo et al found that the administration of Pronase,
sodium bicarbonate, and dimethylpolysiloxane 30 min
before gastroduodenoscopy helped improve endoscopic
visualization remarkably, and the best visibility was
achieved with the Pronase administration 10 min to 30
min before the gastrointestinal endoscopic procedure.
In this study, we recommended that patients take the
premedication solution 10 min to 30 min before the
EUS procedure.
In conclusion, for EUS, the group that was admini
stered Pronase premedication had clearer images
than the placebo group. With Pronase premedication,
the examination time was shorter, and the amount of
saline used during the EUS procedure was less.

4
5

6

7

8
9

COMMENTS
COMMENTS
10

Background

Previous studies have confirmed that Pronase can improve the quality of
endoscopic ultrasonography (EUS) images. Based on previous findings,
this study hypothesized that Pronase could further shorten the duration
of examination and reduce the usage of physiological saline during EUS
examination through improving the quality of EUS images.

Research frontiers

A few human studies have suggested that premedication with Pronase could
improve endoscopic visualization. This study found that for EUS examination,
preoperative application of Pronase could provide clearer ultrasound images,
shorten the duration of EUS examination, and reduce the intraoperative usage
of physiological saline.

11

12

13

Innovations and breakthrough

This study aimed to analyze and evaluate the effect of pretreatment with
Pronase on imaging quality, the duration of examination and the usage of
physiological saline during the examination process in gastric endoscopic
ultrasound.

14

Applications
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With Pronase premedication, the EUS examination time was shorter and the
amount of saline used during the EUS procedure was less.

This is an interesting study on the use of Pronase premedication during EUS
examination. the authors analyzed the effects of premedication with Pronase
for EUS examination of the stomach. Two blinded investigators assessed the
obscurity scores for the EUS images.
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Abstract
Precision medicine is defined by the administration
of drugs based on the tumor’s particular genetic
characteristics. It is developing quickly in the field of
cancer therapy. For example, KRAS , NRAS and BRAF
genetic testing demonstrates its efficiency for precision
medicine in colorectal cancer (CRC). Besides for these
well-known mutations, the purpose of performing larger
genetic testing in this pathology is unknown. Recent
reports have shown that using the poly ADP ribose
polymerase (PARP) inhibitor olaparib in patients with
homologous repair enzyme deficiency gave positive
clinical results in breast, ovarian and prostate cancers.
We have reported here the cases of 2 patients with
multi-treated metastatic CRC who underwent somatic
and constitutional exome analyses. The analyses
revealed a loss of function mutation in a homologous
repair enzyme resulting in the loss of heterozygosity for
both patients (Check2 for the first patient and RAD51C
for the second one). Both patients were treated with
off-label usage of olaparib. While the first patient
showed clinical benefit, reduction of carcinoembryonic
antigen tumor marker and radiologic response, the
second patient quickly presented a progression of
the tumor. Additional genetic analyses revealed a
frameshift truncating mutation of the TP53BP1 gene in
the patient who progressed. Interestingly, deficiency in
TP53BP1 was previously described to confer resistance
to olaparib in mice breast cancer models. Our findings
suggest that exome analysis may be a helpful tool to
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highlight targetable mutations in CRC and that olaparib
may be efficient in patients with a homologous repair
deficiency.
Key words: Colorectal cancer; Exome analysis; Genetic
aberrations; Homologous repair deficiency; Precision
medicine
© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of genetic profiling in metastatic
colorectal cancer for precision medicine is currently
under investigation. This case report underlines for
the first time, that olaparib may have some clinical
efficiency in patients with homologous repair deficiency
in colorectal tumor.
Ghiringhelli F, Richard C, Chevrier S, Végran F, Boidot
R. Efficiency of olaparib in colorectal cancer patients with
an alteration of the homologous repair protein. World J
Gastroenterol 2016; 22(48): 10680-10686 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v22/i48/10680.htm DOI:
http://dx.doi.org/10.3748/wjg.v22.i48.10680

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer worldwide with about 1 million new cases and
[1]
over 500000 deaths every year . Approximately
30% of patients with CRC develop an overt metastatic
disease. Meanwhile, 40% to 50% of newly diagnosed
patients already present a metastatic disease. For
patients with non-operable metastatic CRC (mCRC),
there are no curative options, but the use of palliative
systemic chemotherapy dramatically enhances response
rates, progression-free survival (PFS) and overall survival
[2-4]
(OS)
. Currently, few drugs have demonstrated
effectiveness in the treatment of metastatic colorectal
disease and patients are treated based on the use
of three cytotoxic chemotherapies: fluoropyrimidine,
oxaliplatin and irinotecan, associated with targeted
therapies [anti-EGFR (panitumumab and cetuximab)
or anti-VEGF (bevacizumab) monoclonal antibodies].
In consequence, at the end of their treatment
sequence, many patients still have a good performance
status and would still be able to undergo treatment;
unfortunately, we do not have any approved and
efficient therapies to offer. Cancer cells are characterized
by multiple genomic alterations. This finding has led to
the development of molecularly targeted agents that
inhibit mutated proteins. Such drugs are theoretically
more specific for cancer cells bearing specific
mutations. While such targeted agents have followed
clinical development based on tumor location, most
genetic molecular alterations exist across tumor types
and histologies. This observation raises the possibility
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of shifting towards the administration of drugs based
on molecular pattern rather than on histological status.
Improvements in genetic sequencing have made possi
ble the identification of multiple genomic molecular
alterations in a timeframe compatible with clinical
practice. Many retrospective and prospective trials have
shown the usage and efficiency of off-label molecularly
targeting agents. We report here the usage of exome
testing in 2 patients with metastatic CRC and show for
the first time that homologous repair deficiency could
be targeted by poly ADP ribose polymerase (PARP)
inhibitor in this pathology.

Sample preparation

Formalin-fixed paraffin-embedded (FFPE) tumors
were characterized by a pathologist to determine the
tumor cell content and sent to the molecular biology
platform for DNA extraction. Tumor cell content was
85% for Case 1 and 60% for Case 2. Seven 15-μm
slices were extracted using the Maxwell 16 FFPE Plus
LEV DNA purification kit (Promega) according to the
manufacturer’s protocol. Corresponding normal DNA
was extracted from 500 μl ethylenediaminetetraacetic
acid blood samples with the Maxwell 16 Blood DNA
Purification System (Promega) according to the manu
facturer’s instructions. DNA quality was assessed by
spectrophotometry with absorbance at 230, 260 and
280 nm. DNA was quantified using a fluorimetric assay
with a Qubit device.
Two-hundred nanogram of genomic DNA from nor
mal and cancer cells were fragmented with a Covaris
device to obtain fragments around 180-200 bp. Then,
libraries were constructed and captured by using
SureSelect Human All Exon v5 kit (Agilent), following
the manufacturer’s protocol. Paired-end (2 × 151
bases) sequencing was performed on a NextSeq500
device (Illumina). Obtained sequences were aligned
and annotated with the human Hg19 genome based on
the SureSelect Human All Exon v5 manifest by using
Burrows-Wheeler Aligne (BWA) and Genome Analysis
toolkit (GATK) algorithms. Only sequences with a read
depth of 10 × and a mutation allele frequency superior
to 5% were conserved for the analysis. The analysis
is fostered on 137 clinically relevant genes related to
biological pathways linked to cancer predisposition or
available targeted therapies (supplementary Table 1).
Copy number variations were studied by using Control[5,6]
FREEC software as described .

CASE REPORT
Patient 1

A 58-year-old Caucasian male initially presented with
abdominal pain. A CT scan, carried out in June 2011,
revealed a metastatic sigmoid cancer with the following
metastatic locations: mediastinal and lomboartic lymph
nodes, lungs. A lymph node biopsy was performed
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Table 1 Alterations observed for Case 1 in the short list of clinically relevant genes
Gene
AKT1
CCNE1
CHEK2
CUL2
ERCC6
PMS2
SMAD4
SUFU

Nucleotide variation

Protein variation

Origin

Impact

c.235C>A
c.1022C>T
c.478A>G
c.70C>T
c.4179G>A
c.1531A>G
c.1091T>A
c.1211T>C

Gln79Lys
Thr341Met
Arg117Gly
Pro24Ser
Met1393Ile
Thr511Ala
Leu364X
Met404Thr

Somatic
Somatic
Constitutive
Somatic
Somatic
Constitutive
Somatic
Constitutive

Activating
Unknown
Likely pathogenic
Unknown
Unknown
Benign
Loss of function
Unknown

and the diagnosis of wild-type KRAS, NRAS and BRAF,
moderately differentiated Lieberkühn adenocarcinoma
was made. From 2011 to 2015, the patient received
different chemotherapeutic regimens. In July 2015, the
patient’s lung metastases progressed and he started
to show symptoms such as breathlessness and a
permanent dry cough. As no approved chemotherapy
or targeted therapy could be proposed, we performed
somatic and constitutional exome analyses. We
observed 479 somatic mutations. For clinical use, we
analyzed a short list of 137 genes. It was interesting
to see that among the 8 altered genes (Table 1), we
observed a SMAD4 stop mutation, which is frequently
found in CRC. An activating mutation of AKT1 was
observed (Q79K). It could be targetable by protein
kinase B (AKT)/mTor inhibitors. Surprisingly, we
observed a constitutive Chek2 mutation (R117G), a
gene involved in the homologous repair process. This
mutation is cited in the public database for conferring a
predisposition to cancer. Moreover, the analysis of copy
number variation showed a loss of heterozygosity in
chromosome 22 (from 29091114 to 29130709) (Figure
1A). This analysis suggested a complete deletion of
Check2 function in tumor cells. After discussion of the
case at the molecular tumor board, the patient was
proposed to receive off-label PARP inhibitor olaparib
which previously showed efficiency in patients with
[7]
Chek2 mutation in metastatic prostate cancer . One
mo after beginning the therapy by PARP inhibitor, the
patient declared reduction of cough and disappearance
of breathlessness. After 3 mo we observed a reduction
in carcinoembryonic antigen serum level (57 ng/ml to
25 ng/ml) and a tumor size reduction upon CT scan
(Figure 2). No hematological toxicity was mentioned.
Patient weight increased from 62 kg to 68 kg. However,
despite this response, the patient died suddenly at
home 4 mo after introduction of the therapy.

Patient 2

A 49-year-old woman presented with rectal bleeding
and diarrhea in March 2015. She underwent a colono
scopy with biopsies that revealed a KRAS mutated, well
differentiated Lieberkühn rectal adenocarcinoma. The
patient did not present any family history of CRC. The
genetic testing did not show microsatellite instability.
CT scan showed multiple, bilobar liver metastases. The

WJG|www.wjgnet.com

patient was treated with FOLFIRINOX combination plus
bevacizumab for 12 cycles. The CT scan showed major
response in the liver and the rectum but no curative
option could be proposed for the liver disease. Despite
efficacy, the therapy had major toxicity with grade 3
peripheral neuropathy which precluded further usage
of oxaliplatin. A therapeutic pause was proposed.
The patient refused and asked for additional therapy.
We performed somatic and constitutional exome
analyses. We observed 905 somatic mutations. For
clinical use, we analyzed a short list of 137 genes and
interestingly, among the 13 altered genes (Table 2),
we observed a potentially pathogenic APC mutation,
which could predispose to CRC. Moreover, a KRAS
activating mutation (G12D), commonly found in CRC,
was observed. What was even more interesting is that
we observed a somatic mutation of the homologous
repair in RAD51C (T287A) previously reported to be
[8]
associated with a loss of function . Analysis of copy
number variable showed a loss of heterozygosity in
chromosome 17 from 56770004 to 56801461 (Figure
1B). This analysis suggested a complete deletion of
RAD51C function in tumor cells. After discussion of the
case at the molecular tumor board, the patient was
proposed to receive off-label PARP inhibitor olaparib
which previously showed efficacy in patients with
[7]
RAD51 mutation in metastatic prostate cancer . The
patient received 3 mo of olaparib therapy without
toxicity. Despite the absence of toxicity, the magnetic
resonance imaging (Figure 2) showed tumor pro
gression. Olaparib was stopped and the patient was
included in a phase Ⅰ clinical trial.
As loss of TP53BP1 was previously described to be
involved in PARP inhibitor resistance in homologous
[9]
repair deficient breast cancer models in mice , we
searched for the mutation of this gene in both patients.
While patient 1 had a wild-type TP53PB1 gene, patient
2 had a frameshift truncating insertion in TP53BP1
(AG insertion at chromosomal position 17:43766919)
(Figure 1C), thus suggesting a loss of function of the
protein.

DISCUSSION
The use of exome sequencing in cancer has largely
taken place in the setting of research studies, such
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Figure 1 Genetic data of targeted alterations. A: Patient 1 presented a T>C variation in the CHEK2 gene inducing a constitutive deleterious R117G mutation (left
panel). At the chromosomal level, it appeared that chromosome 22 harbored a loss of heterozygosity inducing (right panel) a complete inactivation of CHEK2; B:
Patient 2 presented a A>G variation in the RAD51C gene inducing a somatic loss of function T287A mutation (left panel). At the chromosomal level, it appeared that
chromosome 17 harbored an important loss of heterozygosity at the RAD51C locus inducing a complete inactivation of RAD51C; C: Patient 2 also harbored an AG
insertion resulting in a frameshift truncating mutation in the TP53BP1 gene.

as The Cancer Genome Atlas. However, integration of
exome sequencing into precision cancer care remains
a challenging issue because samples issued from
formalin-fixed tissues (i.e., FFPE) are difficult to analyze
(due to small size and poor quality). Furthermore, bioin
formatics approaches require detection of the widespectrum of mutations with the capacity to identify
actionable mutations at an acceptable sensitivity and it
remains an issue. This case report is the first to suggest
efficacy of olaparib in CRC with homologous repair
deficiency and to demonstrate that exome sequencing
could be used to help drug repositioning. Accordingly,
single-agent olaparib as well as combinations with
irinotecan were previously tested in unselected CRC
that is resistant to standard therapy without any clinical
[10,11]
efficacy
. Such data raises the hypothesis that
olaparib activity also requires molecular testing of

WJG|www.wjgnet.com

homologous repair deficiency for CRC as requested for
ovarian cancer.
Homologous repair is an enzymatic complex aimed
at repairing DNA double-strand breaks. CHEK2 and
RAD51 play a central role in the repair of DNA double[12]
strand breaks performed by homologous repair . After
the detection of DNA double-strand breaks by ATM and
CHEK2, BRCA1 is phosphorylated by these proteins.
Rad52 binds recombinase polymerase amplification
and displaces it to allow Rad51 binding. BRCA2 binds to
Rad51 until BRCA2 becomes phosphorylated, releasing
Rad51 and allowing it to localize to the double strand
break with Rad52. Homologous repair-mediated repair
goes on; Rad51 then forms a nucleoprotein filament
that invades a homologous sequence and activates
strand exchange to generate a crossover between the
[13]
juxtaposed DNA . Several studies have shown that

10683

December 28, 2016|Volume 22|Issue 48|

Ghiringhelli F et al. Olaparib for colorectal cancer
Table 2 Alterations observed for Case 2 in the short list of clinically relevant genes
Gene
APC
BRCA1
BRCA1
BRCA1
FGFR4
GLI2
JAK2
JAK3
KDR
KRAS
MET
RAD51C
SLC28A1
SLC28A1
THRA
UIMC1

Nucleotide variation

Protein variation

Origin

Impact

c.3949G>C
c.5180G>C
c.3119G>A
c.2521C>T
c.1676G>A
c.1418G>A
c.195A>C
c.2164G>A
c.2159G>A
c.35G>A
c.2572G>A
c.859A>G
c.568G>T
c.1152delG
c.454C>T
c.43C>T

Glu1317Gln
Gly1727Ala
Ser1040Asn
Arg841Trp
Arg559Gln
Arg473His
Glu65Asp
Val722Ile
Arg720Gln
Gly12Asp
Val858Met
Thr287Ala
Ala190Ser
Val385Ser fsX16
Arg152X
Arg15Trp

Constitutive
Somatic
Constitutive
Somatic
Somatic
Constitutive
Constitutive
Constitutive
Somatic
Somatic
Constitutive
Somatic
Constitutive
Constitutive
Somatic
Constitutive

Potentially Pathogenic
Unknown
SNP
Neutral
Unknown
Unknown
Unknown
Activating
Unknown
Activating
Unknown
Loss of function
SNP
Loss of function
Loss of function
Unknown

SNP: Single nucleotide polymorphism.

Before therapy

[19]

After 3 mo
[A]

[P]

[P]

Patient 2

Patient 1

[A]

Figure 2 Computed tomography scan of patient 1 before and after 3
mo of olaparib (upper panel), and magnetic resonance imaging of liver
metastasis of patient 2 before and after 3 mo of olaparib (lower panel).

the level of RAD51 protein expression is elevated in
immortalized cells as well as in a wide variety of human
[14,15]
cancer cell lines
. It is generally suggested that
RAD51 overexpression results in an increased cellular
resistance to radiation and some chemotherapeutic
drugs, such as topoisomerase inhibitors or crosslinking
[15-17]
agents
. In CRC, high expression of RAD51 is
[18]
associated with poor prognosis . Several in vitro
studies have shown that an increase in RAD51
expression stimulates homologous repair, resulting
in greater cellular resistance to treatment with
[15-17]
crosslinking agents, etoposide or irradiation
. High
numbers of RAD51 foci in tumor biopsies were also
positively associated with greater chemoresistance in
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breast cancer patients . Chek2 is also involved in the
colorectal oncogenesis and protein truncating mutations
in CHEK2 have been reported to confer higher risks of
[20]
cancer of the breast and the prostate but also CRC .
Biallelic invalidation of homologous repair enzymes
are still described to be a predictive marker of response
to PARP inhibitor like olaparib in different diseases
[7,21-23]
such as breast, ovarian and prostate cancer
.
Our report is the first one that researched biallelic
deficiency of homologous repair enzyme in metastatic
CRC patients and underlines that such events could
also occur in this pathology and could be targeted.
Resistance to PARP inhibitors is a key question and
determining a predictive biomarker is important for
the future design of clinical trials. Three mechanisms
of resistance have been described: restoration of BRCA
[24-26]
function by additional mutations
, increased Mdr1
[27]
[9]
gene expression
or loss of TP53BP1 . Interestingly,
TP53BP1 loss also induces resistance to the topoiso
merase I inhibitor while tumor cells remain sensitive
to DNA crosslinking agents like platinum, may thus
explain the good response to FOLFIRINOX.
To conclude, we believe that this case report supports
that large genetic characterization of metastatic CRC
patients could be useful to find molecular hits that could
be targeted by off-label targeted therapy. PARP inhibitors
could be particularly useful is this context. Nevertheless,
biallelic deficiency of homologous repair enzyme is a
prerequisite to benefit from a PARP inhibitor therapy, but
is not always associated to a PARP inhibitor response.
Additional resistance pathways like TP53BP1 loss must
be determined before prescribing PARP inhibitors.
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Clinical diagnosis

metastatic colorectal cancer.
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Whole exome sequencing revealed inactivating mutation in the homologous
repair gene with genetic deficiency in RAD51C or Check2.
9

Treatment

Patients were treated with the poly ADP ribose polymerase inhibitor olaparib.

Experiences and lessons

One out the 2 patients gained clinical benefit from olaparib usage, thus
suggesting that genetic testing could also be used in colorectal cancer to
predict response to olaparib.
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