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INTRODUCTION World Journal of  Gastroenterology is an international, open-access, peer-reviewed, and multi-
disciplinary weekly journal that serves gastroenterologists and hepatologists. The biggest 
advantage of  the open access model is that it provides free, full-text articles in PDF and other 
formats for experts and the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the propagation and communication 
of  scientific research results. The open access model has been proven to be a true approach that 
may achieve the ultimate goal of  the journals, i.e. the maximization of  the values of  the readers, 
the authors and the society. 

Maximization of  the value of  the readers can be comprehended in two ways. First, the journal 
publishes articles that can be directly read or downloaded free of  charge at any time, which attracts 
more readers. Second, the readers can apply the knowledge in clinical practice without delay after 
reading and understanding the information in their fields. In addition, the readers are encouraged 
to propose new ideas based on those of  the authors, or to provide viewpoints that are different 
from those of  the authors. Such discussions or debates among different schools of  thought will 
definitely boost advancements and developments in the fields. Maximization of  the value of  
the authors refers to the fact that these journals provide a platform that promotes the speed of  
propagation and communication to a maximum extent. This is also what the authors really need. 
Maximization of  the value of  the society refers to the maximal extent of  the social influences and 
impacts produced by the high quality original articles published in the journal. This is also the main 
purpose of  many journals around the world.



www.wjgnet.com

Online Submissions: wjg.wjgnet.com                   			            World J Gastroenterol  2009 November 7; 15(41): 5121-5128
wjg@wjgnet.com                                                                                               World Journal of Gastroenterology  ISSN 1007-9327
doi:10.3748/wjg.15.5121                                                                                          © 2009 The WJG Press and Baishideng. All rights reserved.

 ORIGINAL ARTICLES  EDITORIAL

Pernicious anemia: New insights from a gastroenterological 
point of view

Edith Lahner, Bruno Annibale

Edith Lahner, Bruno Annibale, Department of Digestive 
and Liver Disease, University Sapienza, 2nd Medical School, 
Ospedale Sant’Andrea, Via di Grottarossa 1035, 00189 Roma, 
Italy
Author contributions: Lahner E conceived and designed the 
review, collected the data, performed the statistical analysis 
and drafted the manuscript; Annibale B conceived the review, 
revised it critically for important intellectual content and has 
given final approval of the version to be published.
Supported by Funds of the Italian Ministry for University 
and Research (PRIN 2007) and by funds of the University “La 
Sapienza”, Rome, Italy
Correspondence to: Bruno Annibale, Professor, Department of 
Digestive and Liver Disease, University Sapienza, 2nd Medical 
School, Ospedale Sant’Andrea, Via di Grottarossa 1035, 00189 
Roma, Italy. bruno.annibale@uniroma1.it
Telephone: +39-6-49972369  Fax: +39-6-4455292
Received: April 27, 2009        Revised: September 22, 2009
Accepted: September 29, 2009
Published online: November 7, 2009

Abstract
Pernicious anemia (PA) is a macrocytic anemia that is 
caused by vitamin B12 deficiency, as a result of intrinsic 
factor deficiency. PA is associated with atrophic 
body gastritis (ABG), whose diagnosis is based on 
histological confirmation of gastric body atrophy. 
Serological markers that suggest oxyntic mucosa 
damage are increased fasting gastrin and decreased 
pepsinogen Ⅰ. Without performing Schilling’s test, 
intrinsic factor deficiency may not be proven, and 
intrinsic factor and parietal cell antibodies are use-
ful surrogate markers of PA, with 73% sensitivity and 
100% specificity. PA is mainly considered a disease 
of the elderly, but younger patients represent about 
15% of patients. PA patients may seek medical advice 
due to symptoms related to anemia, such as weak-
ness and asthenia. Less commonly, the disease is 
suspected to be caused by dyspepsia. PA is frequently 
associated with autoimmune thyroid disease (40%) 
and other autoimmune disorders, such as diabetes 
mellitus (10%), as part of the autoimmune polyen-
docrine syndrome. PA is the end-stage of ABG. Long-
standing Helicobacter pylori  infection probably plays 
a role in many patients with PA, in whom the active 
infectious process has been gradually replaced by an 
autoimmune disease that terminates in a burned-out 
infection and the irreversible destruction of the gastric 

body mucosa. Human leucocyte antigen-DR genotypes 
suggest a role for genetic susceptibility in PA. PA pa-
tients should be managed by cobalamin replacement 
treatment and monitoring for onset of iron deficiency. 
Moreover, they should be advised about possible gas-
trointestinal long-term consequences, such as gastric 
cancer and carcinoids.
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INTRODUCTION
Pernicious anemia (PA) (also known as Biermer’s disease[1] 

and Addisonian anemia[2]) is a macrocytic anemia due to 
vitamin B12 (cobalamin) deficiency, which, in turn, is the 
result of  deficiency of  intrinsic factor, a protein that binds 
avidly to dietary vitamin B12 and promotes its transport to 
the terminal ileum for absorption[3]. The deficiency of  in-
trinsic factor is a consequence of  the presence of  atrophic 
body gastritis (ABG), which results in the destruction of  
the oxyntic mucosa, and thus, the loss of  parietal cells, 
which normally produce chlorhydric acid as well as intrin-
sic factor[4]. The term PA is sometimes used as synonym 
for cobalamin deficiency or for macrocytic anemia, but 
to avoid ambiguity, PA should be reserved for conditions 
that result from impaired secretion of  intrinsic factor 
and atrophy of  oxyntic mucosa[5]. However, differential 
diagnosis may sometimes be challenging due to the limit 
of  available diagnostic tools. 

PA is considered an autoimmune disorder due to 
the frequent presence of  gastric autoantibodies directed 
against intrinsic factor, as well as against parietal cells. 
PA is often considered a synonym of  autoimmune 
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gastritis, because PA is thought to be the end stage of  
an autoimmune process that results in severe damage 
of  the oxyntic gastric mucosa[6]. Recent experimental 
and clinical data strongly suggest an involvement of  
long-standing Helicobacter pylori (H pylori) infection in the 
pathogenesis of  ABG and PA, but it is still under debate 
whether PA may be included among the long-term 
consequences of  H pylori gastritis[7]. 

The present review focuses on novel aspects regarding 
the pathogenesis, clinical presentation, and diagnosis of  
PA, as well as the management of  PA patients from a 
gastroenterological point of  view. 

PA: AN AUTOIMMUNE DISORDER OR AN 
INFECTIOUS DISEASE?
PA is the end-stage of  ABG and is generally considered 
an autoimmune disease. The autoimmune origin of  PA 
is based on the presence of  parietal cell and/or intrinsic 
factor autoantibodies, and the frequent association 
with other autoimmune disorders, such as autoimmune 
thyroid disease (ATD), type 1 diabetes, and vitiligo[6,8]. 

ABG associated with PA is often called autoimmune 
gastritis or type A gastritis, which is defined as a type 
of  chronic atrophic gastritis restricted to the body mu-
cosa, characterized by a severe, diffuse atrophy of  the 
oxyntic glands and hypochlorhydria, and a normal antral 
mucosa[4]. Another classical histological feature of  ABG 
is the absence of  H pylori on gastric mucosal biopsies[4]. 
It is now accepted that long-standing H pylori infection 
is able to induce atrophy of  the gastric mucosa, and 
H pylori is considered the main causative agent of  mul-
tifocal atrophic gastritis, in which the antrum is almost 
invariably involved[9]. Thus, ABG is generally considered 
a separate entity from H pylori-related atrophic gastritis, 
mainly because the prevalence of  H pylori infection in 
patients with severe ABG and PA has been found to be 
low[10,11]. However, in the past few years, the question 
has been raised whether H pylori may be implicated in 
the pathogenesis of  ABG, and, as a basic mechanism 
for the induction of  gastric autoimmunity by H pylori 
infection, molecular mimicry has been proposed[7,12,13]. 
Molecular mimicry is defined as the possibility that se-
quence similarities between foreign and self-peptides are 
sufficient to result in the cross-activation of  autoreactive 
T or B cells by pathogen-derived peptides. It is a phe-
nomenon associated with some pathogens in which the 
antigens that evoke an immune response have enough 
similarity to the body’s own proteins to cause an autoim-
mune reaction, such as in rheumatoid arthritis, mediated 
by cross-reactive T cells and/or circulating antibodies. 
In fact, gastric H+/K+-ATPase has been recognized 
as the major autoantigen in experimental and human 
ABG[14-16], and autoreactive gastric CD4+ T cells that 
recognize H+/K+-ATPase and H pylori antigens have 
been recently described in ABG[17,18]. Thus, PA and ABG 
seem to be an example of  pathogen-induced, organ-
specific autoimmunity, in which genetic susceptibility 
plays an important role in relation to the loss of  immu-

nological tolerance[18]. In fact, the immunological basis 
of  molecular mimicry lies in the recognition by T-cell 
antigen receptors of  antigenic peptides bound to hu-
man leucocyte antigen (HLA) molecules on the surface 
of  antigen-presenting cells, and inappropriate activation 
of  T cells may occur as a result of  the upregulation 
of  HLA molecules in genetically susceptible individu-
als[19]. A specific HLA-DR pattern was suggested in PA 
patients several years ago[20], and more recently, block-
ing experiments with anti-DR and anti-DQ antibodies 
have shown that DR antigen probably represents the 
HLA restriction element in ABG[17]. By using a DNA-
based, sequence-specific oligonucleotide technology, we 
observed in our series of  PA patients that the genotypes 
HLA-DRB1*03 and DRB1*04, which are known to be 
associated with other autoimmune disease (such as type 
1 diabetes and ATD)[21], were significantly associated 
with PA, compared to a control group (unpublished 
data), which supports the idea that genetic susceptibility 
for autoimmunity may play a role in PA.

Table 1 shows the literature regarding H pylori 
infection and related gastric histological features in 
some PA patients[10,22-24]. The presence of  H pylori 
infection was diagnosed by histology in up to 30% 
(median 11%), but by serology (IgG) in up to 51% 
(median 20.5%) of  PA patients. It is well known that 
the diagnosis of  H pylori infection may be difficult in 
patients with ABG. H pylori may disappear over time 
due to the hostile gastric microenvironment, and past 
infection may be demonstrated by serological positivity 
to H pylori in a large majority of  patients with ABG or 
PA[10,25-27]. A recent study has reported that seropositivity 
against H pylori antigens may be demonstrated in a 
very high percentage of  patients with ABG by using 
ad hoc immunoblotting[28]: in this study 47.8% of  ABG 
patients had PA and all but two of  them presented with 
seropositivity against H pylori antigens, including CagA 
and VacA. As far as regards histological features of  the 
gastric body, in the vast majority of  PA patients (> 70%) 
this disorder is associated with severe body atrophy and 
the presence of  intestinal metaplasia. From data reported 
in Table 1, another interesting observation emerges: 
irrespective of  the presence of  H pylori infection, in 
about half  of  PA patients, the gastric antrum is involved, 
and about one-third have antral atrophic gastritis, whose 
presence is strongly related to H pylori infection[9]. This 
observation challenges the widely accepted notion that 
PA occurs exclusively in association with the classical 
histological feature of  corpus-restricted atrophic gastritis. 
All these data taken together support the idea that long-
standing H pylori infection probably plays an important 
role in many genetically susceptible PA patients. In 
these patients, the active infectious process has been 
gradually replaced by an autoimmune process directed 
by autoreactive gastric CD4+ T cells that recognize 
H+/K+-ATPase and H pylori antigens, which ends in a 
burned-out infection and the irreversible destruction 
of  the gastric body mucosa. The failure to demonstrate 
H pylori infection in some of  these individuals does not 
necessarily argue against the role of  the bacterium in 
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these patients, but more likely indicates that a point of  
no return may be reached beyond which the autoimmune 
process may no longer require the continued presence 
of  the inducing pathogen[29].

PA is frequently described as a disease of  adults > 
60 years of  age[8,30,31]. Among our unpublished series of  
177 PA patients, about one half  were < 60 years of  age; 
in particular, 4% of  patients were < 30 years and 10% 
were 30-40 years of  age (Figure 1). Table 1 shows that 
the mean age of  PA patients in published studies ranges 
from 59 to 62 years. These data challenge the common 
notion that PA is an exclusive disease of  the elderly, 
and suggest that, in clinical practice, PA is probably 
under-diagnosed in elderly and younger patients [32]. 
Stratification by age cohorts (< 20 years to > 60 years) 
of  ABG patients identified by hypergastrinemia and 
positive parietal cell antibodies has shown a regular and 
progressive increase in mean corpuscular volume and 
levels of  ferritin and gastrin, and a decrease in vitamin 
B12 levels. However, the prevalence of  H pylori infection 
has decreased from > 80% at age < 20 years to 12.5% 
at > 60 years[32]. This reminds us that: (1) iron deficiency 
is a complication of  achlorhydria and may precede the 
development of  PA [4]; (2) ABG patients frequently 
present with iron deficiency anemia[33-35]; and (3) iron 
deficiency may be present concomitantly with PA[36]. 
These findings further support the idea that PA seems 
to be a long-duration disease that is related to H pylori, 
gastric achlorhydria and atrophy, which begins many 
years before the establishment of  clinical vitamin B12 
deficiency. 

CLINICAL PRESENTATION OF PA
The clinical presentation of  PA is often insidious for 
various reasons. The onset and progression of  PA are 
very slow. As a consequence, patients often are not aware 
of  their symptoms related to anemia, because over time 
they have become used to them. In many such cases, the 
underlying disease may not be suspected until a complete 
red blood count has been performed. However, patients 
with PA may seek medical advice due to non-specific 
symptoms related to the presence of  anemia per se, such 
as weakness, asthenia, decreased mental concentration, 
headache, and especially, in elderly patients, cardiological 
symptoms such as palpitations and chest pain[3,6]. Less 
frequently, patients with PA may present only with 
neurological symptoms, such as paresthesia, unsteady 
gait, clumsiness, and in some cases, spasticity. Indeed, 
vitamin B12 deficiency may cause peripheral neuropathy 
and lesions in the posterior and lateral columns of  
the spinal cord (subacute combined degeneration) 
and in the cerebrum, and these lesions progress from 
demyelinization to axonal degeneration and eventual 
neuronal death. It is particularly important to recognize 
these symptoms early, because the neurological lesions 
may not be reversed after replacement therapy with 
vitamin B12

[3,5]. Finally, the onset of  PA may be observed 
in patients undergoing medical treatment for other 
autoimmune conditions frequently associated with PA, 
such as ATD, type 1 diabetes, and vitiligo, as part of  the 
autoimmune polyendocrine syndromes[37].

Although the primary cause of  PA is ABG, rarely the 
disease may result from gastrointestinal tract symptoms. 
The reason for the apparent paradox may lie in the 
fact that ABG is associated with hypochlorhydria, and 
symptoms of  the upper gastrointestinal tract are often 
related to the presence of  chlorhydric acid. However, 
hypochlorhydria itself  may cause impaired gastric 
emptying, which eventually leads to dyspeptic symptoms 
such as epigastric discomfort, postprandial bloating and 
fullness, and early satiety[38]. In our experience, awareness 
and concern about upper gastrointestinal or neurological 
symptoms often are not sufficient to seek medical 
advice, since patients over time become used to these 
slowly and insidiously presenting complaints. Only 3% 
of  PA patients presented directly to our gastroenterology 
unit for long-standing dyspepsia, and only 3% were 
referred from a neurologist. At the time of  diagnosis of  

Table 1  H pylori  infection and related gastric histological features in a series of PA patients  n  (%)

First author/
publication 
year[Ref.]

No. of 
patients

Mean 
age (yr)

F:M 
ratio

Geographical 
origin

Severe 
body 

atrophy

Body 
intestinal 
metaplasia

Antral 
inflammation

Antral 
atrophic 
gastritis

Positive 
H pylori  
histology

Positive 
H pylori  
serology

Fong TL/1991[22]   28 59 1.2:0.8 USA1 ND   18 (64) 14 (50) 2 (7)   3 (11) 2 (7)
Haruma K/1995[23]   24 65 0.9:1.1 Japan     24 (100)   18 (75) 22 (92) 17 (71) 0 (0) 0 (0)
Sari R/2000[24]   30 60 0.9:1.1 Turkey   15 (50)   13 (43) 14 (47)   8 (27) 12 (30) ND
Annibale B/2000[10]   81 62 0.9:1.1 Italy   56 (69)   70 (86) 43 (53) 27 (30)    8 (10) 41 (51)
Annibale B/
2009[unpublished data]

177 60 1:1 Italy 124 (70) 161 (91) 81 (46) 40 (23) 19 (11) 61 (34)

1Hispanic, n = 20; white, n = 3; black, n = 5. ND: Not done.
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Figure 1  Age cohorts of a series of patients with PA (n = 177) consecutively 
diagnosed between 1992 and 2005 at an academic gastroenterology unit.
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PA, dyspeptic symptoms were complained of  by 28% 
of  patients, and neurological symptoms were present in 
19% (unpublished data). 

An increased association of  PA with other autoim-
mune diseases, such as type 1 diabetes (3%-4%)[39], vi-
tiligo (2%-8%)[3], and in particular, ATD (3%-32%)[40] 
has been reported. Among our unpublished series of  
177 PA patients, 41% had associated ATD and 10% 
presented with vitiligo or alopecia, which indicates that 
a subgroup of  PA patients can be considered as having 
a type Ⅱ autoimmune polyendocrine syndrome. In a 
recent study, we have observed that ABG and ATD oc-
cur in a closely linked fashion, with ATD being present 
in about 40% of  ABG patients[41]. These data suggest 
that, in patients with autoimmune disorders, in particular 
ATD, a possible association with PA should be suspect-
ed and excluded. The diagnosis of  concomitant autoim-
mune thyroiditis and PA may have an important clinical 
implication, in particular, in those patients who require 
replacement therapy with thyroxine. Recently, it has been 
reported that patients with impaired acid secretion may 
present with thyroxine malabsorption that requires an 
increased dose of  the drug[42], and in patients with PA, 
associated hypochlorhydria is always present, due to the 
loss of  oxyntic mucosa[4].

Useful information about which patients may have PA 
can be derived also from epidemiological data. According 
to the older literature, PA is thought to be particularly 
common among individuals of  Scandinavian, English or 
Irish ancestry, whereas it appears to be much less common 
in Caucasians of  Italian or Greek origin[43]. However, 
more recently, the disease have been reported in black and 
Latin American subjects[30,44], and as shown in Table 1, 
series of  PA patients have been diagnosed in the United 
States, Turkey and Italy, and even in Japan. The reason 
for the different distribution of  PA among different 
ethnical groups is not known yet, but probably lies in their 
different genetic background, and in different awareness 
and diagnostic accuracy for this often overseen disorder. 
In the so-called high-risk groups, about nine new cases are 
detected per 100 000 population per year, and about 0.13% 
of  the population is affected[31]. A more recent population 
survey has reported that 1.9% of  persons aged > 60 years 
have undiagnosed PA[30].

A female preponderance ranging from 1.7 to 2.0:1 has 
been reported in white subjects[3]. This sex distribution 
has been confirmed in the more recent population 
survey of  persons > 60 years old that was conducted 
in California, in which the prevalence of  PA was 2.7% 
in women and 1.4% in men[30]. However, data reported 
in Table 1 concerning United States, Japanese, Turkish 
and Italian PA patients seem not to confirm the female 
preponderance described in older studies. 

DIAGNOSIS OF PA
PA is defined as the presence of  a hemoglobin concentra-
tion < 13 g/dL for men and < 12 g/dL for women[45], 
mean corpuscular volume ≥ 100 fL[5], low levels of  co-
balamin (vitamin B12)[5], together with the concomitant 
presence of  ABG and intrinsic factor deficiency (Figure 2).  
By definition, PA is associated with ABG, and strict 
diagnostic criteria for ABG are based on the histologi-
cal confirmation of  gastric body mucosal atrophy and 
enterochromaffin-like (ECL) cell hyperplasia, associated 
with hypochlorhydria to pentagastrin stimulation[4]. In-
creased levels of  fasting gastrin and decreased levels of  
pepsinogen Ⅰ are well accepted serological markers[46,47], 
which suggest the presence of  oxyntic mucosa damage, 
which should be confirmed, however, by appropriate 
histological sampling of  gastric body mucosa to diag-
nose ABG definitively. 

As far as regards gastric mucosa histology, classical 
findings associated with PA are the presence of  corpus-
restricted atrophy with a spared antrum, as well as the 
presence of  hyperplasia of  ECL cells[4,6]. As shown in 
Table 1, in about 50% of  PA patients, antral mucosa is not 
spared, and in about 27% of  PA patients, a concomitant 
antral atrophic gastritis may be observed. These data 
strongly suggest that an extension of  gastritis to the 
gastric antrum does not necessarily exclude the diagnosis 
of  PA and the presence of  gastric autoimmunity. The 
determination of  ECL cell hyperplasia is helpful in the 
histological diagnosis of  ABG, because the presence of  
this histological change may be considered an indirect 
confirmation of  the presence of  hypochlorhydria. This 
leads to hypergastrinemia, which in turn, is a trophic 
factor for ECL cells that leads to their hyperplasia, and 
eventually, to the development of  gastric carcinoids[48].

Intrinsic factor deficiency can be proven by the now 
obsolete Schilling test. To confirm that the cobalamin 
deficiency is the result of  intestinal malabsorption due 
to intrinsic factor deficiency, urinary excretion of  orally 
administered vitamin B12 is low, and is increased by ad-
ministration of  vitamin B12 and intrinsic factor. Unfor-
tunately, the availability of  this test is vanishing due to 
problems related to its radioactive reagents. Therefore, 
in clinical practice, the presence of  intrinsic factor de-
ficiency may not be proven, and increasing reliance is 
placed on the detection of  intrinsic factor antibodies for 
the diagnosis of  PA, which are viewed as useful markers 
of  this disease[49]. Earlier studies have reported positivity 
for intrinsic factor antibodies in 40%-60% of  patients 
with PA[50,51], which rises to 60%-80% with increasing 
duration of  disease[52].

Diagnosis of pernicious anemia

Blood tests:
   Complete blood count
   Serum cobalamin levels

Cobalamin deficiency + 
macrocytic anemia 

Intrinsic factor 
deficiency

Atrophic body 
gastritis

Serological markers:
   Increased fasting gastrin
   Reduced levels of pepsinogen Ⅰ

Histological confirmation
by bioptic sampling of 
gastric body mucosa

Schilling test (obsolete) or serological 
markers for pernicious anemia: 
   Intrinsic factor antibodies
   Parietal cell antibodies

Figure 2  Diagnostic flow-chart for PA.
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Recently, we reassessed the diagnostic performance 
of  intrinsic factor and parietal cell antibodies in PA 
patients by using a novel ELISA[48], which yielded for 
intrinsic factor antibodies, a sensitivity and specific-
ity of  37% and 100%, respectively, and for parietal cell 
antibodies, a sensitivity and specificity of  81.5% and 
90.3%, respectively. The combined assessment of  both 
autoantibodies significantly increased their diagnostic 
performance, which yielded 73% sensitivity for PA, 
while maintaining 100% specificity. Thus, our data show 
that, by combining the assessment of  intrinsic factor and 
parietal cell autoantibodies, the diagnostic performance 
of  these surrogate markers for PA may be notably im-
proved. Beyond being a specific hallmark of  PA, the 
positivity for intrinsic factor and parietal cell antibodies 
may be interpreted as an expression of  oxyntic mucosal 
damage, because a positive correlation between the in-
creasing histological score of  body mucosa atrophy and 
the titer of  both antibodies can be observed[27,35].

Accurate differential diagnosis of  other causes of  
cobalamin deficiency is mandatory. As shown in Table 2, 
cobalamin deficiency may result from other causes of  
impaired absorption in the stomach or intestine, or by 
decreased intake due to vegetarianism. Among cases of  
mal-digestion, there are very rare cases related to severe 
pancreatic insufficiency, but more interesting is the 
recent evidence of  mal-digestion of  dietary cobalamin 
in patients with corpus-predominant H pylori gastritis, 
which leads to impaired acid secretion and consequent 
increased intragastric pH[53,54]. In fact, dietary cobalamin is 
bound to salivary proteins, which needs to be cleaved in 
the presence of  chlorhydric acid before it can be bound 
to intrinsic factor and be absorbed in the terminal ileum[4]. 
In these cases of  mal-digestion of  dietary cobalamin, 
the Schilling test would be normal, which indicates 
that cobalamin deficiency is not due to intrinsic factor 
deficiency. Without performing a Schilling test, it may be 
challenging to discriminate between the presence of  PA 
and mal-digestion of  dietary cobalamin. However, from a 
practical point of  view, the clinical management of  these 
two groups of  patients is similar. As observed[54,55], when 
atrophy of  the gastric body mucosa is mild and active 
H pylori infection is present, in patients with mal-digestion 
of  dietary cobalamin, a reversal of  body mucosal atrophy, 
anemia and cobalamin deficiency following eradication 
treatment may be achieved. An accurate differential 
diagnosis should be carried out also for macrocytic anemia, 

which may underlie other causes such as folate deficiency 
and myelodysplastic syndrome (Table 2). 

In this context, it should be kept in mind that, in or-
der to diagnose vitamin B12 deficiency, total vitamin B12 
measurement is used cost-effectively as the parameter 
of  choice, but it has limited sensitivity and specificity, 
especially in persons with vitamin B12 concentrations in 
the lower reference range (< 400 pmol/L). As an alter-
native, modern biomarkers for early diagnosis of  vitamin 
B12 deficiency, such as holotranscobalamin, also known 
as active B12, and methyl malonic acid as a functional 
B12 marker, have been proposed[56]. Figure 2 shows a 
proposed diagnostic work-up when the presence of  PA 
is suspected. 

CLINICAL MANAGEMENT OF PATIENTS 
WITH PA
The clinical management of  patients with PA has two 
different aspects: firstly, the treatment of  cobalamin 
deficiency and the monitoring of  onset of  iron deficiency; 
and secondly, the surveillance of  these patients, to detect 
early the long-term consequences of  PA, such as gastric 
cancer and carcinoids.

Treatment of cobalamin deficiency and monitoring of 
iron deficiency
Cobalamin replacement treatment is able to correct the 
anemia, whereas the neurological complications may 
be corrected only if  the replacement treatment is given 
soon after their onset. The therapeutic recommendations 
for PA with regard to dosage and administration of  
vitamin B12 substitution treatment are divergent[57]. In the  
United States, patients usually receive vitamin B12 injections 
of  1 mg/d in their first week of  treatment; in the following 
month, they receive weekly injections and then monthly 
injections[58]. In Denmark, patients receive injections of  
1 mg/wk cyanocobalamin during the first month and 
every 3 mo subsequently, or 1 mg hydroxycobalamin 
every other month[59]. According to our protocol, a higher 
dosage of  cobalamin is used to prevent early relapse of  
cobalamin deficiency: firstly patients receive intramuscular 
injection of  5 mg/d cyanocobalamin for 5 d, which 
replenishes the cobalamin body stores; then, vitamin B12 
stores are maintained by intramuscular injection of  5 mg 
cyanocobalamin every 3 mo. 

Table 2  Differential diagnosis of PA: other causes of macrocytic anemia and cobalamin deficiency

Other causes of macrocytic anemia Other causes of cobalamin deficiency

Folate deficiency due to decreased intake, impaired absorption or increased requirements Gastric causes of impaired absorption/mal-digestion:
Drugs (e.g. methotrexate, azathioprine, 6-mercaptopurine, acyclovir, 5-fluorouracil, phenobarbital)    Gastrectomy 
Accelerated erythropoiesis: hemolytic anemia, response to hemorrhage    Corpus-predominant H pylori gastritis
Liver disease (alcoholic, advance cirrhosis, poor dietary intake)    Long-term proton pump inhibitor therapy
Hypoplastic anemia, myelodysplastic syndrome Intestinal causes of impaired absorption:
Chronic obstructive pulmonary disease    Ileal disease or resection

   Blind loop syndrome
   Fish tapeworm
Severe pancreatic insufficiency
Decreased intake due to vegetarianism
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Furthermore, according to our protocol, PA patients 
are monitored at least yearly by complete blood count, 
and serum cobalamin and ferritin levels, to monitor the 
replacement treatment and to detect early the eventual 
onset of  iron deficiency. Also patients with ABG with iron 
deficiency anemia or without hematological alterations are 
monitored in the same way, to detect early the eventual 
onset of  cobalamin deficiency. Finally, PA patients are 
monitored by at least a yearly clinical interview, to verify 
the onset of  new symptoms that are suspicious of  long-
term consequences of  PA, such as dysphagia, epigastric 
pain, dyspeptic symptoms, loss of  body weight, and/or 
iron-deficiency, which require immediate gastroscopic 
investigation. 

Long-term consequences of PA
Although PA is substantially a benign disorder for a large 
number of  patients, it is epidemiologically and biologi-
cally linked to the development of  intestinal-type gas-
tric adenocarcinoma and gastric carcinoid type Ⅰ[60,61].  
Hypergastrinemia, secondary to hypochlorhydria in PA 
patients, is a well-known risk factor for ECL cell hyper-
plasia and gastric carcinoids[62,63], and it has been reported 
that one in 25 patients with PA develops gastric carci-
noids[64]. Moreover, the crucial role of  hypochlorhydria, as 
a consequence of  atrophy of  the oxyntic mucosa, in the 
development of  gastric cancer, has been highlighted[65]. 
Hypochlorhydria leads to overgrowth of  nitrosamine-
producing bacteria with potential carcinogen activity[66]. 
Also ascorbic acid, the main redox agent in the gastric 
juice with protective action against reactive oxygen spe-
cies, is reduced in the presence of  atrophy of  the oxyntic 
mucosa. It has been described previously that the level 
of  ascorbic acid in the gastric juice is reduced in patients 
with ABG, with an indirect correlation between ascorbic 
acid level and intragastric pH[67]. 

In the literature, the annual incidence of  gastric cancer 
in PA patients ranges from 0.1% to 0.5%[62,64,68]. A recent 
follow-up study of  patients with ABG has reported an 
annual incidence risk of  0.14% for developing gastric 
cancer, during an observation period of  6.7 years[69]. To 
date, the need and cost-effectiveness of  endoscopic/
histological surveillance in patients with PA have not 
been established definitively[4]. One previous study[64] that 
has considered the relatively benign nature of  gastric 
carcinoids in patients with PA has concluded that follow-
up is indicated at 5-year intervals only in patients with 
ECL hyperplasia. As for gastric cancer, the same authors 
have concluded that the first gastroscopic follow-up after 
diagnosis of  PA should be performed relatively soon, 
and that only PA patients with preneoplastic lesions and 
those with gastrointestinal symptoms should undergo 
endoscopic surveillance[64]. Another study has concluded 
that follow-up should be performed at 3-year intervals 
only in PA patients aged < 60 years[70]. A more recent 
study has compared the usefulness of  2- and 4-year 
follow-up in patients with ABG, and has shown that 
the first follow-up performed 4 years after the diagnosis 
seems to be safe and convenient for early detection of  
potentially neoplastic lesions[71]. As a result of  the lack 

of  other prospective data, and considering the risk for 
developing neoplastic lesions over time in some PA 
patients, in our unit, PA patients are monitored regularly 
by gastroscopy with antral and corporal biopsies at 4-year 
intervals. 

CONCLUSION
PA is an often silent and under-diagnosed autoimmune 
disease, because its onset and progression are very slow 
and patients may become used to their complaints. 
Nevertheless, the clinical consequences of  undiagnosed 
PA may be serious, including gastric neoplastic lesions. 
Thus, gastroenterologists should increase their awareness 
of  this disorder, whose definite histological diagnosis 
may be preceded by reliable noninvasive serological 
screening. 
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Abstract
Hepatitis C virus (HCV)-specific CD8+ T cells play 
an important role in the resolution of HCV infection. 
Nevertheless, during chronic hepatitis C these cells lack 
their effector functions and fail to control the virus. 
HCV has developed several mechanisms to escape 
immune control. One of these strategies is the up-
regulation of negative co-stimulatory molecules such 
us programmed death-1 (PD-1). This molecule is up-
regulated on intrahepatic and peripheral HCV-specific 
cytotoxic T cells during acute and chronic phases of the 
disease, whereas PD-1 expression is low in resolved 
infection. PD-1 expressing HCV-specific CD8+ T cells 
are exhausted with impairment of several effector 
mechanisms, such as: type-1 cytokine production, 
expansion ability after antigen encounter and cytotoxic 
ability. However, PD-1 associated exhaustion can be 
restored by blocking the interaction between PD-1 and 
its ligand (PD-L1). After this blockade, HCV-specific 

CD8+ T cells reacquire their functionality. Nevertheless, 
functional restoration depends on PD-1 expression level. 
High PD-1-expressing intrahepatic HCV-specific CD8+ 
T cells do not restore their effector abilities after PD-1/
PD-L1 blockade. The mechanisms by which HCV is able 
to induce PD-1 up-regulation to escape immune control 
are unknown. Persistent TCR stimulation by a high level 
of HCV antigens could favour early PD-1 induction, but 
the interaction between HCV core protein and gC1q 
receptor could also participate in this process. The 
PD-1/PD-L1 pathway modulation could be a therapeutic 
strategy, in conjunction with the regulation of others 
co-stimulatory pathways, in order to restore immune 
response against HCV to succeed in clearing the 
infection.
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INTRODUCTION
Hepatitis C virus (HCV) is a hepatotropic non-cytopathic 
positive-strand RNA virus which belongs to the Flaviv-
iridae family. HCV infection is a major public problem, 
affecting more than 200 million people worldwide[1]. Only 
around a quarter of  acute HCV infections resolve within 
a few months, while in the majority of  cases the virus 
establishes a persistent infection, and a significant propor-
tion of  cases progress to fibrosis, cirrhosis, liver failure 
or even hepatocellular carcinoma[2-4]. Nowadays standard 
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anti-HCV therapy resolves about 50% of  chronic infec-
tions[5-7], therefore new therapeutic strategies should be 
designed to control this disease. HCV-specific cytotoxic 
T lymphocytes (CTLs) play a major role in viral control 
during acute infection[8]. Nevertheless, during persist-
ent infection HCV-specific CTL effector functions are 
significantly impaired, and this situation is a major cause 
of  host inability to eliminate the persistent virus[9,10]. Ap-
propriate activation of  primed virus-specific CTLs in the 
infected site depends on the engagement between T cell 
receptor (TCR) and HLA-I/epitope complex plus interac-
tion among positive co-stimulatory molecules and their 
ligands[11,12]. Virus-specific CTLs, after developing their ef-
fector function, express negative co-stimulatory molecules 
to switch-off  their activity. The appropriate virus-specific 
CTL response development correlates with the adequate 
balance between positive and negative co-stimulatory 
signals (Table 1)[13,14]. Programmed death-1 (PD-1) is one 
of  the negative co-stimulatory molecules. Engagement 
of  PD-1 and its ligand (PD-L1) delivers a negative signal 
to the TCR activation pathway, avoiding proliferation, 
and interleukin (IL)-2 production, which leads to T cell 
anergy[15,16]. Evidence that PD-1 suppresses activation of  
the immune response comes from studies in which mice 
deficient in PD-1 developed autoimmune diseases, such 
as systemic lupus erythematosus, dilated cardiomyopathy, 
rheumatoid arthritis and type Ⅰ diabetes mellitus, due to 
the uncontrolled persistent T cell activation against differ-
ent epitopes[17,18]. The PD-1 induced exhaustion on virus-
specific T cells was first described by Barber et al[19], in 
a murine model of  lymphocytic choriomeningitis virus 
(LCMV) infection. The authors demonstrated that the 
majority of  LCMV-specific CD8+ T cells were anergic 
during the chronic phase of  infection in association with 
PD-1 up-regulation. Mice treated with anti-PD-L1 mono-
clonal antibodies restored the LCMV-specific cyototoxic 
response and facilitated viral control. These experimental 
data suggested that the PD-1/PD-L1 pathway could play 
a major role in the development of  persistent infections 
by non-cytopathic viruses, and different groups started 
to research the role of  this pathway in different chronic 
viral infections in humans, such as hepatitis B virus 
(HBV), HCV and human immunodeficiency virus (HIV) 
infections. Bearing in mind these data, the PD-1/PD-L1 
pathway could be an effective escape mechanism and its 
blockade could be a therapeutic target to reverse T-cell 
dysfunction. In this editorial, the current state of  knowl-
edge about the role of  PD-1 expression on specific cyto-
toxic responses during HCV infection is reviewed.

STRUCTURE AND EXPRESSION OF PD-1 
AND PD-L1
PD-1 is a 55 kDa glycoprotein which belongs to the 
CD28 immunoglobulin superfamily of  transmembrane 
proteins[20]. PD-1 shares a 23% homology with CTLA-4, 
which is another member of  this family, although 
PD-1 has lost the MYPPPY motif  for binding to B7 
molecules[20], and the cysteine residue necessary for 

homodimerization[21]. PD-1 is expressed on activated T 
cells, B cells and myeloid cells (Table 1)[20]. The PD-1 
structure consists of  two regions; the extracellular 
region is formed by a single IgV-like domain and its 
cytoplasmic region contains an immunoreceptor tyrosine-
based inhibitory motif  (ITIM) and an immunoreceptor 
tyrosine-based switch motif  (ITSM)[22,23]. Following 
antigen stimulation, PD-1 recruits the protein tyrosine 
phosphatase src homology 2 domain-containing tyrosine 
phosphatase 2 (SHP-2) to ITSM but not to the ITIM 
motif, and subsequently, SHP-2 dephosphorylates 
effector molecules downstream of  the TCR-induced 
nuclear regulatory pathway[24,25]. The direct result of  
PD-1 mediated inhibition of  T cell proliferation is 
cell cycle arrest in G0/G1 and the inhibition of  IL-2 
production[15,16] (Figure 1). The ligands for PD-1 (PD-L1 
and PD-L2) are type Ⅰ transmembrane proteins with 
IgV and IgC-like domains in the extracellular region[26,27]. 
PD-L1 is expressed on resting and activated B and T cells, 
and on non-lymphoid cells such as pancreas, placenta and 
heart, while PD-L2 is induced on dendritic cells (DC) and 
macrophages[26-30] (Table 1). Interestingly, PD-L1 can be 
up-regulated on hepatocytes by α-interferon (IFN) and 
γ-IFN, and also by activated lymphocytes, and by direct 
viral infection (perhaps also through IFN pathways)[31-33]. 
PD-1 plays an important physiological role in regulating 
the cellular immune response, tuning-down the cellular 
effector functions after T cells have developed their tasks. 
This physiological function of  PD-1 can be damaged by 
persistent viruses inducing a tolerogenic-like status on 
specific T cells to avoid immune viral control. 

PD-1 EXPRESSION IN THE LIVER
The liver is characterised by being an immunotolerant 
organ prepared to deal with intense contact with antigens 
from the gut, and PD-1/PD-L1 is expressed in resident 
and infiltrating liver cells to carry out this task[34]. The 
liver is also the primary site for HCV replication and 
disease pathogenesis[35], and HCV can take advantage of  
the PD-1/PD-L1 pathway to impair the HCV-specific 
response reaching the infected liver in order to escape 
immune control. The liver is exposed to antigens and 
microbiologically-derived molecules which cause a unique 
microenvironment that requires liver immunological prop-
erties to induce tolerance rather than immunity[36-38]. He-
patic tolerance contributes to the common ineffectiveness 
of  immune response against HCV which often results in 
chronic viral persistence[39]. When naive T cells reach the 
liver from the bloodstream they are activated by resident 
antigen presenting cells and are prone to become anergic, 
and this process could take part in the interaction between 
PD-1 and PD-L1 (Figure 2)[34,40]. On the other hand, 
primed effector HCV-specific T cells, reaching the infected 
liver, are also conducted through anergy by several mecha-
nisms. One of  them is PD-1 up-regulation on T cells in 
the liver[41,42], and the expression of  its ligand on resident 
liver cells, such as hepatocytes, Kuppfer cells and sinusoi-
dal endothelial cells (Figure 2)[31]. Usually, PD-L1 is consti-
tutively expressed in non-lymphoid tissues such as heart, 
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lung, placenta, kidney, and liver[43-45], but during chronic 
HCV infection, this molecule is up-regulated on paren-
chymal liver cells, as previously commented (Figure 3A).  
The regulation of  HCV-specific effector CTLs is also 
controlled by intrahepatic CD4+CD25+FoxP3+ cells 
(regulatory T cells, Treg). These cells have an important 
role in maintaining the balance between tolerance and im-
munity in HCV infection[46-48]. The PD-1/PD-L1 pathway 
is also important in modulating the regulatory activity of  
these Treg cells. The PD-1/PD-L1 interaction on intra-
hepatic Treg suppresses their regulatory activity, favouring 
CTL response[49-51]. Nevertheless, when it is necessary to 
down-modulate HCV-specific CTL response in order to 
avoid liver damage, PD-1/PD-L1 engagement is not pro-

duced between Tregs and intrahepatic PD-L1 expressing 
cells, due to PD-L1 down-regulation on resident liver cells, 
allowing Tregs to down-modulate HCV-specific CTLs ef-
fector functions (Figure 2)[52]. The important role of  PD-1 
in liver pathogenesis during HCV chronic infection is evi-
dent, as it is shown by the high PD-1 expression on total 
intrahepatic T cells[53-56], indicating that some non-specific 
HCV-dependent stimulus is acting in liver infiltrating T 
cells to favour PD-1 up-regulation. Previous reports sug-
gest that this factor could be HCV-core protein and this 
will be discussed later. In addition to this non-specific 
stimulation on T cells, PD-1 expression is also induced 
by persistent specific TCR stimulation. PD-1 expression 
is higher on intrahepatic than in peripheral HCV-specific 

Table 1  Summary of CD28 family co-stimulatory and co-inhibitory pathways

Receptor Expression Ligand Ligand expression T cell response regulation

CD28 T cells (naive and some memory) CD80 B, T and DC, macrophages Positive
PD-1 Activate T cells, B cells, macrophages PD-L1

PD-L2
B, T and DC, macrophages, non-lymphoid cells 

(pancreas, placenta, heart)
Negative

CTLA-4 Activate T cells and regulatory T cells CD80
CD86

B, T and DC, macrophages Negative

BTLA B and T cells PD-L2 Macrophages, DC Negative
B7-H3 T and B cells, NK
B7-H4

ICOS T cells (memory and effector) ICOS-L B, T cells, macrophages and DC Positive

Y

Infected hepatocyte

MHC

CD3

ITAM

TCR

Anti-gC1qR

HCV core 
protein

gC1qR

IFN-γ

PD-L1 PD-L1

++ MHC

TCRCD3

ITIM

ITSM

SHP-2 ITAM

Anergy

PD-1
Activation

(+) MAPK signaling
pathway (-)

HCV

TNF-a IFN-g IL-10 IL-5 IL-2

Cytotoxic T cell

Figure 1  Programmed death-1 (PD-1) structure and interactions. Interaction between the PD-1 molecule expressed on T cells and its ligand PD-L1 expressed on 
antigen-presenting cells leads to immunoreceptor tyrosine-based switch motif (ITSM) motif phosphorylation in its cytoplasmic tyrosines which are recognized by src 
homology 2 domain-containing tyrosine phosphatase 2 (SHP-2). All of these interactions cause T cell anergy due to T cell receptor (TCR)-dependent MAP Kinase-
pathway signalling inhibition which avoids interleukin (IL)-2 gene transduction. PD-1 expression is induced by TCR activation but could also be favoured by HCV-core 
protein through interaction with gC1qR. PD-L1 is up-regulated on antigen presenting cells by the effect of γ-interferon produced during HCV infection by activated 
lymphocytes.

Larrubia JR et al . PD-1 in HCV infection                                                                                                     5131



www.wjgnet.com

CD8+ cells[41] (Figure 3B). These data suggest that the in-
tense TCR activation produced in the liver in conjunction 
with the high level of  HCV-core protein leads to the high-
est PD-1 expression on HCV-specific CD8+ cells. This 
high PD-1 up-regulation on intrahepatic specific CD8+ 
cells is exquisitely HCV specific, so that PD-1 expression 
on other virus-specific CD8+ T cells is not up-regulated 
during chronic HCV infection[41]. Therefore, liver environ-
ment conditions produce a huge PD-1 up-regulation on 
HCV-specific CTLs during persistent infection, and this 
could impair viral control by the cellular immune response 
through anergy induction[41].

DIFFERENTIAL PD-1 EXPRESSION IN 
ACUTE, CHRONIC AND RESOLVED 
HEPATITIS C VIRUS INFECTION
During the initial phase of  acute infection, HCV-specific 
CD8+ T cells are dysfunctional irrespective of  the final 
outcome of  the disease, and this impairment persists 
when infection becomes chronic[10]. In contrast, effector 
and memory CD8+ T cells generated after acute onset are 
highly functional in cases of  resolving infection[57,58]. One 
of  the possible mechanisms responsible for impairment 
of  virus-specific CTL response could be the exhaustion of  
these cells caused by PD-1 up-regulation. The exhaustion 
of  virus-specific CD8+ T cells has been observed in 

different human infections such as HIV, HBV and HCV 
infections[56,59-65]. In HCV infection, during the early period 
of  primo-infection irrespective of  the final outcome, PD-1 
is up-regulated on all HCV-specific CD8+ T cells[53,66]. 
However, after the acute stage of  the disease PD-1 
expression is modulated depending on the progression. 
Therefore, during self-limited infection HCV-specific 
CD8+ cells down-regulate PD-1 expression, and acquire 
a CD127+ phenotype which correlates with appropriate 
effector functions (Figure 4)[67]. CD127 is the IL-7 
receptor (IL-7R) which plays an essential role in mature 
lymphocyte survival through a pathway activated by the 
interaction with IL-7[67]. However, in persistent infection 
HCV-specific CD8+ cells remain CD127 negative, and 
maintain high levels of  PD-1 expression[66,68] (Figure 4). 
Therefore, PD-1+ CD127- expressing HCV-specific CD8+ 
cells during persistent infection are not only anergic, but 
also prone to apoptosis after antigen encounter due to 
the absence of  CD127 expression. Furthermore, PD-1 
up-regulation on peripheral and intrahepatic HCV-
specific CD8+ cells during the acute and chronic phases 
of  infection is correlated with the apoptosis susceptibility 
of  these cells[55]. As a result, the majority of  high PD-1 
expressing HCV-specific CD8+ cells could follow an 
apoptotic process[69], indicating that PD-1 is involved in 
anergy induction but could also be implicated in specific 
T cell deletion. Probably, both mechanisms are damaged 
by HCV infection to escape cellular immune response.
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Figure 2  Liver microenvironment. Circulating HCV-specific CD8+ T cells migrating through the hepatic sinusoid interact with resident liver cells [Kupffer cells, 
dendritic cells (DC), hepatocytes, liver sinusoidal endothelial cells (LSECs), stellate cells] that could act as antigen presenting cells. These cells up-regulate PD-L1 
expression during persistent HCV infection and interact with the PD-1 molecule expressed on HCV-specific CD8+ T cells. This interaction leads to T cell anergy. PD-1 
up-regulation is produced by TCR stimulation in addition to the interaction between HCV-core protein and the complement receptor (gC1qR). In this micro-environment 
the regulatory T cells (Treg) also participate, whose activity is also regulated by the PD-1/PD-L1 pathway.
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CORRELATION BETWEEN PD-1 
EXPRESSION AND EFFECTOR FUNCTION 
IMPAIRMENT ON HCV-SPECIFIC CTLs
Once differential PD-1 expression on HCV-specific 
CD8+ T cells between chronic and resolved patients has 
been described, the next point to address is to analyse 
whether this difference translates into different quality 
of  HCV-specific CTLs effector functions. Cytotoxic 
T-cell exhaustion represents a spectrum of  effector 
defects that are correlated with the level of  PD-1 ex-
pression. Recent reports show that patients with HCV 
chronic infection, whose CTLs display high PD-1 
expression, have impaired CTL capacity to synthesise 
type-1 cytokines, such us γ-IFN, α-tumor necrosis fac-
tor (TNF) and IL-2, in addition to cytolytic molecules, 
such as perforin and granzyme B, after direct ex-vivo spe-
cific in-vitro challenge[41,54]. One of  the variables deter-
mining viral control has been suggested to be the ability 
of  virus-specific CD8+ cells to clonally expand after 
antigen encounter[45]. HCV-specific CD8+ T cells during 
persistent infection also displayed impaired proliferation 
ability after specific stimulation, which correlated with 
PD-1 expression level[70,71]. Because of  the role of  the 

PD-1/PD-L1 pathway in proliferation impairment, sub-
sequent works were aimed at trying to enhance HCV-
specific CD8+ T cell proliferation by modulating this 
pathway. Blocking the interaction between PD-1 and its 
ligand increased the proliferation ability of  peripheral 
HCV-specific CD8+ cells from some chronic HCV pa-
tients, characterised by high PD-1 expression, but did 
not occur in others, suggesting the presence of  another 
anti-proliferative mechanism not yet described[54,63]. 
During HCV-specific CTL exhaustion, not all effec-
tor functions are altered at the same time; proliferative 
potential and IL-2 production are lost at an early phase, 
whereas cytokine production and cytolytic function are 
lost later[72]. This progressive impairment could be re-
lated to the level of  PD-1 up-regulation. Interestingly, 
the exhaustion of  CTLs during chronic HCV infection 
is highly antigen-specific and related to the level of  anti-
genemia, not being present in either CTLs against other 
specifities or HCV-specific CTLs from patients with 
resolved infection[41,66]. In these two situations PD-1 is 
not up-regulated on specific CTLs. As commented be-
fore, intrahepatic HCV-specific CD8+ T cells are highly 
PD-1 positive and they do not expand after antigen 
encounter and do not produce either γ-IFN or perfo-
rin, whereas intrahepatic specific CTLs against other 
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viruses, such as influenza virus-specific CD8+ T cells, 
expand efficiently and present a high level of  perforin 
expression, but interestingly they are PD-1 negative[41]. 
High PD-1 expressing intrahepatic HCV-specific CTLs 
do not respond to anti-PD-L1 treatment[41]. Therefore, 
when PD-1 expression is extremely up-regulated, treat-
ment with anti-PD-L1 antibodies can not counteract the 
HCV-specific CTLs exhaustion, induced by the PD-1/
PD-L1 pathway. 

HCV-SPECIFIC CTL FUNCTIONAL 
RESTORATION AFTER PD-1/PD-L1 
INTERACTION BLOCKADE
Previous studies developed an LCMV infection animal 
model, and specific CTL function restoration during 
persistent infection after treatment with anti-PD-L1 
monoclonal antibodies was shown[19,73]. This finding 
could have clinical implications in the treatment of  
persistent viral infections, as will be discussed later. 
In HCV infection, the in-vitro blockade of  the PD-1/

PD-L1 pathway with anti-PDL-1 antibodies increases 
proliferation capacity after antigen encounter in 
peripheral PD-1 expressing HCV-specific CTLs from 
chronic patients (Figure 5). In-vitro treatment with 
anti-PD-L1 antibodies also restored γ-IFN, perforin, 
CD107a, IL-2 and IL-13 production after antigen 
specific stimulation[41,54,74]. However, this PD-1/PD-L1 
pathway blockade is not efficient on intrahepatic HCV-
specific CD8+ T cells, which are characterised by a 
higher PD-1 expression, as previously discussed. These 
cells failed to proliferate and produce perforin, γ-IFN 
and CD107a after specific stimulation in the presence of  
anti-PD-L1 antibodies[41]. All these findings suggest that 
PD-1 expression level correlates inversely with HCV-
specific CD8+ T cells functional restoration by PD-1/
PD-L1 blockade. PD-1/PD-L1 blockade may increase 
the functionality of  peripheral HCV-specific CD8+ T 
cells with intermediate PD-1 expression, whereas this 
blockade did not enhance the effector functions of  
intrahepatic PD-1high expressing HCV-specific CD8+ T 
cells. High antigenic stimulation in the liver induces other 
negative co-stimulatory molecules, such as CTLA-4[41], 
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which could maintain the anergic status, despite blockage 
of  the PD-1/PD-L1 pathway. Therefore, the functional 
restoration of  intrahepatic HCV-specific CTLs could be 
obtained by the combined blocking of  different negative 
co-stimulatory molecules. In fact, a previous report 
has shown that combined PD-1 and CTLA-4 blockade 
induces a restoration of  intrahepatic HCV-specific CD8+ 
T cell function in chronically HCV infected patients[75]. 
Obviously, the modulation of  different co-stimulatory 
molecules on HCV-specific T cells, such as CD137[76], 
OX40[77] and ICOS[78] should be tested in combination 
with PD-1/PD-L1 blockade in order to restore HCV-
specific CTL effector functions[79,80]. Nevertheless, 
blocking the engagement between PD-1 and PD-L1 is 
not enough in many cases to restore peripheral HCV-
specific CTL functionality in chronic patients, even in 
combination with the blockade of  other negative co-
stimulatory molecules. It is reasonable to assume that 
these cells, exposed to high persistent antigenic stimulus, 
are prone to apoptosis. Previous data on HBV chronic 
infection showed an up-regulation of  the pro-apoptotic 
molecule Bim on HBV-specific CTLs[81]. In this chronic 
infection, only CD127+ (IL-7R) cells maintained 
the ability to expand after antigen encounter. These 
CD127+ cells could be protected from apoptosis due 

to the antiapoptotic molecule Mcl-1, induced by IL-7. 
Otherwise, CD127- HBV-specific CTLs would die due to 
apoptosis after antigen encounter, mediated by the Bim 
pathway. Bearing in mind these data on HBV infection, 
it is possible that the benefit observed by blocking the 
PD-1/PD-L1 interaction may occur only in specific T 
cells protected against apoptosis by CD127 expression. 
This phenotype is quite rare in patients with long-
standing HCV infection, and this could explain why not 
all PD-1 expressing HCV-specific CTLs respond to anti-
PD-L1 treatment. This theoretical scenario should be 
tested in the near future.

HCV CORE PROTEIN INDUCES PD-1 UP-
REGULATION
The PD-1 up-regulation on intrahepatic total T cells[53,56] 
suggests that something other than TCR stimulation is 
involved in the PD-1 expression regulation during HCV 
infection. HCV-core protein binding to the complement 
receptor gC1q (gC1qR) is responsible for impairing T cell 
proliferation ability[82] through down-regulation of  the 
high affinity IL-2 receptor[83]. A recent report suggests 
that this process could be mediated by PD-1 expression 
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induction[84]. In fact, in an intrahepatic HCV-core protein 
expressing mouse model, liver infiltration by PD-1 
expressing cytotoxic T cells unable to clear the virus has 
been shown. However, the liver from HCV-core non-
expressing mice was infiltrated by non-PD-1 expressing 
specific-CTLs which could control the viral infection[85]. 
These data suggest that HCV-core protein could play a 
role in early PD-1 induction on T cells, mainly in the liver 
environment where this protein is richly expressed[86,87]. 
At least in-vitro, PD-1 and PD-L1 expression are up-
regulated on activated T cells in the presence of  HCV-
core protein[84]. PD-1 up-regulation induced by HCV-core 
protein translated into impairment of  T cell proliferation 
ability[84]. However, this dysfunction could be partially 
restored by blocking the PD-1/PD-L1 pathway with anti-
PD-L1 antibodies (Figures 1 and 6) and by blocking the 
interaction between HCV-core protein and gC1qR[84]. 
Probably the interaction between HCV-core protein and 
gC1qR co-operate with the continuous TCR stimulation 
to produce an early PD-1 up-regulation in order to induce 
a premature anergy on HCV-specific CTLs as an efficient 
HCV escape mechanism.

PD-1/PD-L1 BLOCKADE AS A 
THERAPUTIC TOOL
As previously commented, a defective virus-specific cyto-
toxic T cell response is one of  the most important causes 
of  host inability to eliminate a persistent viral infection. 
Several studies have highlighted the role of  the PD-1/
PD-L1 pathway in the development of  anergy on virus-
specific CD8+ T cells, and how PD-1/PD-L1 blockade 
could enhance virus-specific CD8+ T cell functionality 
in-vitro[41,74,88-92]. Recently, several works have been carried 
out to analyse whether modulation of  the PD-1/PD-L1 
pathway could improve T cell response against persistent 
viral infections either directly, using anti PD-L1 antibod-
ies alone, or in combination with a therapeutic vaccine. 
Therapeutic vaccine usually fails to induce a vigorous T 
cell response due to the tolerogenic-like status of  HCV-
specific T cells[93,94]. This scenario could be positive if  
negative co-stimulatory molecules, such as PD-1, were 
blocked when the therapeutic vaccine is administered in 
order to enhance the specific immune response against 
the supplied epitopes. In the chronic LCMV infection 
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Figure 6  PD-1 up-regulation induced by HCV-core protein. A: FACS® dot-plots and histograms of peripheral blood CD8+ cells stained with PD-1-FITC and CD8-
Cy mAbs from a healthy subject. CD8+ cells were stimulated with B-galactosidase, HCV-core protein, CD3-CD28 mAb, and HCV-core protein plus CD3-CD28 mAbs. 
PD-1 expression was highly up-regulated on CD8+ cells after non-specific stimulation by anti CD3/CD28 mAbs in the presence of HCV core protein; B: FACS® dot-
plots and histograms of peripheral blood CD8+ cells stained with Ki-67 FTIC and CD8-Cy mAbs from the same healthy subject to test proliferation ability of CD8+ cells 
after incubation with B-galactosidase, CD3-CD28 mAb, HCV-core protein plus CD3-CD28 mAb and HCV-core protein plus CD3-CD28 and anti-PD-L1 mAbs. HCV-
core protein decreased the proliferation induced by CD3-CD28 mAb stimulation. This proliferation impairment induced by HCV-core protein was resolved by anti-
PD-L1 mAb treatment.
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animal model, the administration of  a therapeutic vaccine 
in combination with PD-1/PD-L1 interaction blockade 
enhances expansion and improves the function of  LC-
MV-specific CD8+ T cells. In addition, this combinatorial 
therapeutic vaccination accelerates viral control com-
pared with either therapeutic vaccine or PD-1 blockade 
alone[95]. Moreover, the effect of  anti-PD-L1 antibodies 
alone could also be effective in controlling persistent viral 
infection by restoring specific CTL response. The admin-
istration of  anti-PD-L1 monoclonal antibodies during 
simian immunodeficiency virus (SIV) chronic infection 
in macaques resulted in a rapid expansion and restoration 
of  SIV-specific CD8+ T cells[96,97]. Although these results 
seem to be quite promising, the blockade of  negative co-
stimulatory pathways could lead to the development of  
autoimmune diseases[17,18], which could prevent the use of  
this strategy as a therapeutic tool in humans. Therefore, 
more research is necessary in this field before blockade 
of  the PD-1/PD-L1 pathway is suitable for the treatment 
of  chronic HCV infection.

CONCLUSION
In summary, the PD-1/PD-L1 pathway displays an 
important role in the induction of  anergy on HCV-
specific cytotoxic T cells, and could be important in the 
development of  HCV persistent infection. Blocking the 
PD-1/PD-L1 interaction, probably in association with 
the modulation of  other co-stimulatory molecules, could 
be an interesting strategy to restore HCV-specific CTL 
response in patients unresponsive to standard anti-HCV 
treatment. 
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Abstract
The metabolic syndrome and visceral obesity have an 
increasing prevalence and incidence in the general 
population. The actual prevalence of the metabolic 
syndrome is 24% in US population and between 
24.6% and 30.9% in Europe. As demonstrated by 
many clinical trials (NAHANES Ⅲ, INTERHART) the 
metabolic syndrome is associated with an increased 
risk of both diabetes and cardiovascular disease. In ad-
dition to cardiovascular disease, individual components 
of the metabolic syndrome have been linked to the de-
velopment of cancer, particularly to colorectal cancer. 
Colorectal cancer is an important public health prob-
lem; in the year 2000 there was an estimated total of 
944 717 incident cases of colorectal cancer diagnosed 
world-wide. This association is sustained by many epi-
demiological studies. Recent reports suggest that indi-
viduals with metabolic syndrome have a higher risk of 
colon or rectal cancer. Moreover, the clusters of metabolic 
syndrome components increase the risk of associated 
cancer. The physiopathological mechanism that links 
metabolic syndrome and colorectal cancer is mostly 
related to abdominal obesity and insulin resistance. 
Population and experimental studies demonstrated that 

hyperinsulinemia, elevated C-peptide, elevated body 
mass index, high levels of insulin growth factor-1, low 
levels of insulin growth factor binding protein-3, high 
leptin levels and low adiponectin levels are all involved 
in carcinogenesis. Understanding the pathological 
mechanism that links metabolic syndrome and its 
components to carcinogenesis has a major clinical sig-
nificance and may have profound health benefits on a 
number of diseases including cancer, which represents 
a major cause of mortality and morbidity in our societies.
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INTRODUCTION
The concept of  metabolic syndrome has existed for at 
least 80 years and was first described by Kylin[1], a Swedish 
physician, as a clustering of  hypertension, hyperglycemia 
and gout, and later on by Vague[2] who added to the 
previous description the presence of  abdominal obesity. 

While the concept of  metabolic syndrome has been 
accepted for a long time, there was no largely recognized 
international definition until 1998.

The first proposal came in 1998 from a consultation 
group for the definition of  diabetes for World Health 
Organisation. This definition was then modified by 
the European Group for Study of  Insulin Resistance 
in 1999, the National Cholesterol Education Program 
Adult Treatment Panel Ⅲ (ATP Ⅲ) in 2001 and revised 
in 2005, and the International Diabetes Foundation 
(IDF) in 2005. These definitions agree on the different 
components of  metabolic syndrome but differ in details 
(Table 1)[3].

More recently, the use of  the term of  “metabolic 
syndrome” has been questioned by the American 
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Diabetes Association and the European Association for 
the Study of  Diabetes for several reasons: (1) Criteria are 
ambiguous or incomplete (for example it is unclear if  the 
blood pressure definition is systolic blood pressure ≥  
130 mmHg and diastolic ≥ 85 mmHg or whether it 
is either ≥ 130 mmHg or > 85 mmHg); (2) The value 
of  including diabetes in the definition is questionable 
and the role of  insulin resistance as unifying etiology is 
uncertain. Furthermore it is still unclear the extent to 
which an elevated cardiovascular (CVD) risk is due to 
insulin resistance itself  vs isolated hyperinsulinemia; (3) 
There is no clear basis for including/excluding other 
CVD risk factors; the CVD risk associated with the 
syndrome appears to be no greater than the sum of  its 
parts; (4) The treatment of  the syndrome is not different 
from the treatment for each of  its components.

A recent review of  the ATP Ⅲ definition broadened 
the etiological basis of  the syndrome from insulin 
resistance alone to include “obesity and disorders of  
adipose tissue”[4]. 

The actual prevalence of  obesity is 30.5% and that 
of  associated metabolic syndrome is 24% in the US 
population[3,5].

In Europe, the age- and sex-adjusted prevalence of  
metabolic syndrome was 24.6% using the 2005 ATP Ⅲ 
definition and 30.9% using the International Diabetes 
Federation definition, according to the MADRIC study 
(MADrid Rlsego Cardiovascular Study) performed on 
1344 participants[6]. In this study, the authors found a 
good overall agreement between the ATP Ⅲ and IDF 
definitions, much closer in women than in men (κ = 0.92 
± 0.07 vs κ = 0.66 ± 0.06). The prevalence of  metabolic 
syndrome was greater according to the IDF definition 
than according to ATP Ⅲ, because the former definition 
has a lower threshold of  abdominal obesity. 

A cross-sectional analysis of  10 206 participants aged 
20-89 years in the Nord-Trøndelag Health Study 1995-97 
(HUNT 2) in Norway, found a prevalence of  IDF-defined 
metabolic syndrome of  29.6%, compared to 25.9% using 
the 2005 ATP Ⅲ criteria[7].

In a meta-analysis, Cameron et al[8] found a variable 
prevalence of  metabolic syndrome in urban populations 
from 8% (India) to 24% (USA) in men, and from 7% 
(France) to 43% (Iran) in women.

It is well known that the metabolic syndrome is 
associated with an increased risk of  both diabetes and 
cardiovascular disease.

Many clinical studies outlined the interrelation between 
the metabolic syndrome and cardiovascular risk[9].

Applying the ATP Ⅲ criteria to 10 537 NHANES Ⅲ 
participants resulted in a significant association between the 
metabolic syndrome with prevalent myocardial infarction 
and stroke in a multivariate analysis: myocardial infarction 
[OR: 2.01, 95% confidence intervals (CI): 1.53-2.64], stroke 
(OR: 2.16, 95% CI: 1.48-3.16), and myocardial infarction/
stroke (OR: 2.05, 95% CI: 1.64-2.57)[10].

The INTERHART study performed on 15 152 cases 
and 14 820 controls in nearly 52 countries found a sig-
nificant association between abnormal lipids, smoking, 

hypertension, diabetes, abdominal obesity, psychosocial 
factors, consumption of  fruits, vegetables, and alcohol, 
and regular physical activity and the risk of  myocardial 
infarction. Collectively, these nine risk factors accounted 
for 90% of  the population risks in men and 94% in 
women[11].

In addition to CVD, individual components of  the 
metabolic syndrome have been linked to the development 
of  cancer[12].

Colorectal cancer is an important health problem since 
one million new cases are diagnosed world-wide each 
year with half  million related deaths[13]. The incidence 
rate of  colon cancer according to Five Continents cancer 
registries varies from 3% in Africa (Algeria) up to 40% in 
North America. In Europe the incidence of  colon cancer 
ranges from 12.1% in Belarus up to 30.5% in Italy[14]. 

There is evidence that body composition and hor-
monal factors contribute to colorectal cancer etiology. In 
this paper we will highlight this association supported by 
epidemiological data and pathophysiological mechanisms 
arising from prospective human research studies. 

EPIDEMIOLOGY
In an analysis of  nearly 58 000 individuals who par-
ticipated in the National Health Interview Survey 
(2002-2003), Garow et al[15] identified 1200 individuals 
with metabolic syndrome, 350 of  them being diagnosed 
with colorectal cancer. After controlling for age, race, 
gender, obesity, smoking and alcohol use the individuals 
with metabolic syndrome had a 75% increased risk for 
colon or rectal cancer.

In a large prospective study of  more than 900 000 US 
adults (404 576 men and 495 477 women) conducted by 
Calle et al[16], there were 57 145 deaths from cancer during a 
follow up period of  16 years. The authors also studied the 
relationship between the relative risk (RR) of  death and 
body mass index (BMI). For all cancer there was a trend 
in increasing death rate with BMI. For colorectal cancer 
the RR of  death varied from 1.34 (95% CI: 0.94-1.34) for 
a BMI of  25-29.9, to 1.90 (95% CI: 1.46-2.47) and 4.52 
(95% CI: 2.94-6.94) for an BMI between 30.0-34.9 and 
35.0-39.9, respectively[16].

Recent studies also provide information concerning 
the association between colorectal cancer incidence 
and the number of  metabolic syndrome components, 
especially BMI, waist circumference (WC), lipid levels, 
plasma glucose and glycosylated hemoglobin (HbA1c). In 
an analysis of  14 109 participants from the ARIC study 
(Atherosclerosis Risk in Communities), 194 incident 
colorectal cancers were identified. In this study baseline 
metabolic syndrome (> 3 components vs 0 components) 
had a positive association with age-adjusted and gender-
adjusted colorectal cancer incidence (RR: 1.49, 95% CI: 
1.0-2.4). There was a dose-response association between 
colorectal cancer incidence and the number of  metabolic 
syndrome components present at baseline (P for trend = 
0.006) after multivariate adjustment[17].

In another study, Trevisan et al[18], used information 
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from the Risk Factors and Life Expectancy study, which 
pooled data from nine epidemiological studies conducted 
in Italy between 1978 and 1987, including 21 311 men and 
15 991 women. In this study, low high density lipoprotein 
(HDL) and high triglyceride levels, hypertension and 
plasma glucose levels were also analyzed as individual 
components of  the metabolic syndrome. For the presence 
of  the cluster of  metabolic abnormalities, the calculated 
hazard ratios and 95% CIs were 2.99 (1.27-7.01) when 
both sexes were combined. When analyzing the individual 
components, only glucose level was associated with an 
increased risk of  death from colorectal cancer, and only in 
men and women combined (RR: 1.8, 95% CI: 1.05-3.09). 
The results of  this study suggest that the effects of  
the individual components of  metabolic syndrome 
are additive, because the RR of  death from colorectal 
cancer was increased in cluster analysis compared with 
glucose alone. 

The association between plasma glucose levels re-
flected by HbA1c and the incidence of  colorectal cancer 
was outlined in a prospective analysis from the European 
Prospective Investigation into Cancer and Nutrition 
(EPIC) study[19]. Among 9605 participants in this study, 
aged between 45 and 79 years, there were 67 incident 
colorectal cancers. In this study population, the RR of  
colorectal cancer for men and women combined was 2.94 
(95% CI: 0.80-10.85), age and sex adjusted for an HbA1c 
≥ 7%, compared with RR, 1.13 (95% CI: 0.56-2.30), 
for HbA1c of  5.0%-5.9%. For the same HbA1c levels 
of  > 7%, the age adjusted RR was higher in men than 
in women [RR: 4.94 (95% CI: 0.89-27.35) in men, and 
1.58 (95% CI: 0.19-13.14) in women]. The association of  
higher HbA1c levels and increased colorectal cancer risk 
was also present in the CLUE Ⅱ cohort[20].

Conversely, to evaluate the association between meta-
bolic syndrome and colorectal cancer, Stocks et al[21] eval-
uated the presence of  metabolic syndrome components 
(C-peptide, HbA1c, leptin, adiponectin, BMI, hyperten-
sion and fasting glucose) in 306 individuals with known 
colorectal cancer. The presence of  hypertension, obesity 
and hyperglycemia, correlated with a RR for three vs null 
factors of  2.57 (95% CI: 1.20-5.52, P trend = 0.00021).

The relationship between BMI and colon cancer 
was also studied in the recent EPIC study[22], which was 
based on 984 cases of  colon cancer. A 55% increased 

risk of  colon cancer was observed between the high 
and low quintiles of  BMI in men, but no significant 
association was observed in women. 

Some recent studies considered anthropometric 
measures of  adipose distribution in addition to BMI in 
relation to the risk of  colon cancer of  adenoma. In most 
of  these studies, the association between WC or waist-
to-hip ratio and colon cancer risk was stronger than that 
between BMI and cancer risk. Moore et al[23], in a retro-
spective analysis of  7566 subjects from the Framingham 
cohort, found 306 cases of  incident colorectal cancer. 
The authors demonstrated a two-fold increased risk of  
colorectal cancer for a WC of  > 99 cm in women and 
101 cm in men; the risk increased linearly with increas-
ing WC[23]. One Japanese study[24] of  51 consecutive 
patients aged ≥ 40 years, suggests that visceral adipose 
tissue rather than whole body adipose tissue correlates 
better with the risk of  colorectal adenoma. Furthermore, 
in this study, low adiponectin level is a factor associ-
ated with the development of  colorectal adenoma. It is 
known that adiponectin levels decrease in obesity, espe-
cially abdominal obesity in association with insulin resis-
tance; thus, the results of  this study offer an insight to 
understanding the relationship of  colorectal carcinogen-
esis with abdominal obesity and insulin resistance which 
will be discussed later on this paper.

The fact that the metabolic syndrome is a risk factor 
for both CVD and colorectal cancer raised the question 
if  there is any association between CVD and colorectal 
cancer. This correlation was found to be positive in several 
studies. In a pilot study of  63 patients with colorectal 
cancer, Hamoudi and Dumitrascu demonstrated a 
statistical association between CVD and colorectal cancer 
in men[25]. 

The relationship between individual components of  
metabolic syndrome and the risk of  colorectal cancer 
was also separately analyzed by several studies. Colangelo 
et al[26] found a 35% increased risk of  colorectal cancer 
associated with high blood pressure. The results were 
confirmed by another study[17]. Both studies also 
underlined that the clustering of  metabolic syndrome 
components significantly increased the risk of  associated 
colorectal cancer. 

High circulating triacylglycerols were associated in 
a large prospective study with a non-significant two-

Table 1  Comparison of definitions of metabolic syndrome

WHO 1999 ATP Ⅲ 2001 IDF 2005
Diabetes or impaired fasting glycemia or impaired 
glucose tolerance or insulin resistance

Three or more of the following:
   Central obesity: waist circumference 
   > 102 cm (male), > 88 cm (female)
   Hypertriglyceridemia: triglycerides 
   > 150 mg/dL
   Low HDL cholesterol: < 40 mg/dL (male), 
   < 50 mg/dL (female)
   Hypertension: blood pressure 
   > 130/85 mmHg
   Fasting plasma glucose > 100 mg/dL

Increased waist circumference > 94 cm cm in men 
and > 80 cm in women plus any 2 of the following:
   Hypertriglyceridemia: triglycerides > 150 mg/dL
   Low HDL cholesterol: < 40 mg/dL (male), 
   < 50 mg/dL (female)
   Hypertension: blood pressure > 130/85 mmHg
   Fasting plasma glucose > 100 mg/dL

Plus 2 or more of the following:
   Obesity: BMI > 30 or waist-to-hip ratio 
   > 0.9 (male) or 0.85 (female)
   Dyslipidemia: triglycerides > 150 mg/dL or HDL 
   cholesterol < 35 mg/dL (male) or 
   < 39 mg/dL (female)
   Hypertension: blood pressure > 140/90 mmHg
   Microalbuminuria: albumin excretion > 20 μg/min
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fold elevation in risk of  colorectal cancer in men, but no 
clear association was observed in women[17]. In another 
prospective study, there was a 40% increased risk of  
colorectal cancer for men and women in the top quartile 
of  triacylglycerol levels, although this association was 
not significant[27].

The association between C-peptide levels as a marker 
of  hyperinsulinemia and colorectal cancer risk was also 
examined by several studies. In a case control study in the 
Physicians’ Health Study, an increased concentration of  
plasma C-peptide was statistically significantly associated 
with an increased risk of  colorectal cancer in men (RR 
for the highest vs lowest quintile of  plasma C-peptide = 
2.7, 95% CI: 1.2-6.2, P trend = 0.047), after adjusting 
for age, smoking status, fasting, BMI and alcohol 
consumption. The results of  this study also suggest 
that elevated insulin production, as reflected by elevated 
concentrations of  plasma C-peptide, may predict the 
risk of  developing colorectal cancer, independently of  
BMI, factors related to insulin resistance, or levels of  
insulin growth factor (IGF)-1 and insulin growth factor 
binding protein (IGFBP)-3[28]. The interrelation between 
a high concentration of  plasma C-peptide and colorectal 
adenoma was also demonstrated in women in a series of  
380 patients with a multivariable relative risk (MVRR) 
top vs bottom quartile, 1.63, 95% CI: 1.01-2.66, P = 0.01, 
even after including BMI and physical activity in the 
statistical model[29].

The findings of  all these studies suggest that the 
clusters of  the metabolic syndrome components may 
be predictors for developing colorectal cancer and for 
colorectal cancer mortality. The understanding of  the 
underlying physiopathology that links the metabolic 
syndrome and cancer may play a key role in developing 
new strategies for prevention and treatment. 

PHYSIOPATHOLOGICAL LINKS 
BETWEEN METABOLIC SYNDROME AND 
COLORECTAL CANCER
Obesity, insulin resistance and insulin growth factors 
and binding proteins
It has been hypothesized that insulin resistance is the 
most important underlying mechanism of  the metabolic 
syndrome in close relationship to abdominal obesity. 
Insulin has been shown to affect growth of  normal 
and neoplastic epithelial cells and to have mitogenic ac-
tions in vitro and in experimental models, either directly 
or indirectly through IGF-1[17]. At high concentrations, 
insulin can bind to IGF-1 receptors (IGF1Rs) or can 
act directly to promote IGF-1 biosynthesis, enhancing 
IGF-1 bioavailability and inhibiting the production of  
IGFBP-1, IGFBP-2 and IGFBP-3[30].

IGF-1 is an important mitogen required for the 
progression through the cell cycle and has autocrine, 
paracrine and endocrine actions on cell proliferation 
and apoptosis[31], increasing the risk of  cellular transfor-
mation by enhancing cell turnover. In addition, IGF-1 
increases the production of  vascular endothelial growth 

factor (VEGF), an angiogenic factor that can support 
cancer growth[32].

It has been shown that normal colorectal epithelia 
and colon cancer cells have both insulin and IGF1Rs[17]. 
Tissue homeostasis in the normal colonic crypt relies on 
a balance between proliferation, differentiation and apop-
tosis, with apoptosis occurring at the top of  the colonic 
crypt as the culmination of  a differentiation pathway. 

The link between IGF-1 and IGFBP-3 levels and the 
increased risk of  colorectal adenoma and cancer came 
first to attention in acromegalic patients, characterized by 
chronically elevated growth hormone (GH) levels. GH 
excess leads to hepatic and peripheral insulin resistance 
and thus to hyperinsulinemia, a common feature of  
acromegaly and metabolic syndrome, that causes IGF-1 
hypersecretion and low IGFBP-3 levels[33]. 

The relationship between IGF-1 and IGFBP-3 levels 
and colorectal cancer was examined by Giovannucci 
et al[34] on 32 826 women from Nurses’ Health Study. 
Controlling for IGFBP-3 level, relative to women in the 
lowest tertile of  IGF-1, those in the highest tertile were 
at elevated risk of  intermediate/late-stage colorectal 
neoplasia adenoma (MVRR: 2.78, 95% CI: 0.76-9.76) 
and cancer (RR: 2.18, 95% CI: 0.94-5.08). Controlling 
for IGF-1 level, relative to women in the lowest tertile 
of  IGFBP-3, women in the highest tertile of  IGFBP-3 
were at lower risk of  intermediate/late-stage colorectal 
adenoma (RR: 0.28, 95% CI: 0.09-0.85) and cancer 
(RR: 0.28, 95% CI: 0.10-0.83). Neither IGF-1 nor 
IGFBP-3 had any appreciable relation with early-stage 
adenoma. These analyses indicate that high levels of  
circulating IGF-1 and particularly low levels of  IGFBP-3 
are associated independently with an elevated risk of  
large or tubulo-villous/villous colorectal adenoma and 
cancer. These results are concordant with those obtained 
previously in Physicians’ Health Study[35].

The role of  IGFBP-3 in colorectal cancer was in-
dependently analyzed by Williams et al[36] IGFBP-3 has 
been shown to enhance p53-dependent apoptosis after 
DNA damage. Therefore, loss of  IGFBP-3 could con-
tribute to the development of  colonic adenomas that 
retain wild-type p53 function through suppression of  
p53-dependent apoptotic signals, allowing aberrant cell 
survival and tumor formation. Furthermore there is dis-
ruption in both adenoma and carcinoma tissue. This pat-
tern is similar to that of  TGF-β distribution in normal, 
adenoma and carcinoma tissue[37]. Because it is known 
that TGF-β is a potent growth inhibitor for colonic 
epithelium[36], this similarity suggests that IGFBP-3 may 
have an important role in the regulation of  differentia-
tion and apoptosis in human colonic epithelium[37].

The role of  insulin resistance and hyperinsulinemia 
in colorectal cancer was directly assessed by Schoen 
et al[27] in a study performed on 5849 participants in 
the Cardiovascular Health Study cohort. The authors 
identified 102 cases of  colorectal cancer. Fasting insulin 
was not related to an increased risk (RR = 1.2), whereas 
2 h insulin was related to a significantly increased risk 
(RR = 2.0).

Giovannucci et al[38] found that BMI was not significantly 
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associated with an increased risk of  distal colon ad-
enoma irrespective of  size, while WC and waist hip ratio 
were strong risk factors for large distal colon adenomas 
with diameter ≥ 1 cm but were unrelated to small ad-
enomas with diameter < 1 cm. The association of  WC 
with an increased risk of  cancer has been reported to be 
slightly stronger for distal colon cancer.

There are also several studies which determined 
the relationship between C-peptide (an indicator of  
insulin production) and the risk of  colorectal cancer. As 
mentioned before, in the Physicians’ Health Study, men 
with C-peptide in the top vs the bottom quintile had a 
2.7-fold significantly higher risk of  colorectal cancer 
after control for BMI and exercise; this RR increased 
to 3.4 after the analysis was controlled for indicators of  
the metabolic syndrome[28]. In a prospective study of  
14 275 women in New York State, a 3-fold higher risk of  
colorectal cancer was observed in those in the top quartile 
of  C-peptide, and a 4-fold higher risk was observed for 
colon cancer alone[39].

Adipokines and inflammatory cytokines
Adipose tissue is a complex endocrine organ, responsible 
for the secretion and synthesis of  hormones, cytokines 
and other signaling proteins, collectively termed as 
adipokines. Adipokines are a diverse group of  signaling 
molecules that play roles in such processes as appetite 
and energy balance, inflammation, insulin resistance/
sensitivity, angiogenesis, lipid metabolism, cell proliferation 
and atherosclerosis. Many of  these functions are related 
to either the metabolic syndrome or cancer, and they may 
serve as a link between these two pathologies[40].

Adiponectin 
Adiponectin, a 30-kDa complement C1q-related protein, 
is a key regulator of  insulin sensitivity and inflammation 
and modulates several physiologic processes, such as me-
tabolism of  glucose and fatty acids. In contrast to other 
adipokines such as leptin, adiponectin circulating levels 
are decreased in obese individuals and in those with dia-
betes[41]. Decreased plasma adiponectin concentrations 
are associated with insulin resistance, type 2 diabetes and 
atherosclerosis. In addition, it was recently shown that 
adiponectin may play a role in the development and pro-
gression of  various types of  malignancies. Accumulating 
evidence suggests that adiponectin is an important regu-
lator of  cell proliferation. Adiponectin may act either 
directly on cancer cells or indirectly by regulating whole-
body insulin sensitivity[42].

Mechanisms that may link adiponectin with 
carcinogenesis
In obesity, reduced adiponectin levels lead to the devel-
opment of  insulin resistance and compensatory, chronic 
hyperinsulinaemia. Increased insulin levels results in in-
creased levels of  bioavailable IGF-1. Insulin and IGF-1 
signal through the insulin receptors and IGF1R, pro-
mote cellular proliferation and inhibit apoptosis in many 
tissue types up-regulating the secretion of  VEGF, con-
tributing thus to carcinogenesis[39]. Adiponectin has also 

been shown to inhibit both the production of  TNF-α 
in macrophages and its action in endothelial cells, thus 
promoting carcinogenesis through the altered effect of  
TNF-α on tumor cell proliferation and angiogenesis[43].

Adiponectin can also protect from carcinogenesis 
through more direct effects.

Specifically, adiponectin has been found to be an 
important negative regulator of  hematopoiesis and the 
immune system. Moreover, adiponectin may inhibit 
activation of  nuclear factor-κB (NF-κB), a transcription 
factor that upregulates VEGF[44].

Several signalling molecules such as 50-AMP-activated 
protein kinase (AMPK), NF-κB, peroxisome proliferators 
activated receptor (PPAR)-α and p38 mitogen-activated 
protein kinase are known to mediate adiponectin-induced 
metabolic effects. AMPK might inhibit the growth 
and/or survival of  cancer cells[45]. Finally, adiponectin 
may also regulate angiogenesis negatively (independently 
of  AMPK) through induction of  apoptosis in vascular 
endothelial cells by activating the caspase cascade, a group 
of  apoptotic enzymes[46].

The relationship between circulating adiponectin 
levels and colorectal cancer was demonstrated by several 
clinical and experimental studies.

Ferroni et al[47] demonstrated in a study involving 60 
patients with non metastatic colorectal cancer that low 
adiponectin levels are inversely correlated with increases 
in tumor stage and were independent predictors of  
recurrent disease. Low adiponectin levels were found in 
52% of  relapsing patients, compared with 26% of  non-
relapsing patients[47].

Similar results were obtained by Wei et al[48] in a 
prospective case-control study of  18 225 men enrolled 
in the Health Professional Follow-up Study. Over the 
approximately 8 years of  follow-up, the authors noted 25 
cases of  colorectal cancer in the 3645 men in the highest 
category of  adiponectin compared with 54 cases of  
colorectal cancer in the 3645 men in the lowest quintile 
of  adiponectin.

Leptin 
Leptin is a 16 kDa glycoprotein which is expressed 
almost exclusively (> 95%) by adipocytes. Initial interest 
in leptin focused on its role in obesity but recently leptin, 
has been associated with the inflammatory response, 
insulin signaling, and carcinogenesis. 

Insulin and leptin interact at multiple levels within a 
complex network of  adipose tissue signaling pathways, 
providing several mechanisms that could link leptin to 
colon cancer.

Of  particular importance for cancer is the influence 
of  leptin on suppressors of  cytokine signaling 1 and 3 
which in turn limits insulin signaling[49]. 

Although data directly linking leptin to colon cancer 
are limited, some studies have shown increased risk 
of  colon and colorectal cancer with high serum leptin 
levels.

Data from a cohort study in Norway detected an 
almost 3-fold increased risk of  colon cancer among 
people with high leptin levels, independently of  BMI[50].
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Another study found that men in the highest tertile 
of  leptin concentrations had a 3.3-fold (95% CI: 1.2-8.7) 
increased adenoma risk compared with those in the lowest 
tertile[51]. The association between leptin concentration 
and colorectal cancer was also evaluated in women, in a 
case-control study conducted in Japan, suggesting that 
leptin increases substantially the risk of  female colorectal 
cancer, independent of  BMI[52].

Inflammatory cytokines and colorectal cancer
Accumulating evidence suggests that systemic inflam-
mation might be a plausible mechanism for colon carci-
nogenesis. Studies have shown that genetic variations in 
inflammation-related genes, such as interleukin (IL)-6, 
IL-8, and IL-10, are associated with susceptibility to 
colorectal cancer and adenomas.

IL-6 appears to enhance tumorigenesis by a paracrine 
and autocrine mechanism, to stimulate cell growth and 
inhibit apoptosis. Also IL-6 concentrations reflected 
disease status and were commonly associated with 
metastatic disease[53].

TNF-α activates NF-κB (by phosphorylation of  its 
inhibitor IκB), which increases production of  NO, a 
substrate for reactive oxygen species (ROS) formation, 
and stimulates other inflammatory cytokines[54]. With 
respect to cancer, ROS can damage DNA by several 
processes including DNA base modification, deletions, 
frame shifts, strand breaks, DNA-protein cross-links, 
and chromosomal rearrangements. DNA damage can 
occur in genes that are important in cell proliferation 
(such as ras), or cell survival (such as p53), which can 
then trigger cancer progression[55].

There are several studies which demonstrated the 
correlation between high levels of  IL-6, TNF-α, C-reac-
tive proteins (CRP) and colorectal carcinogenesis. More-
over, a Greek study demonstrated that high levels of  
serum IL-6, TNF-α and CRP were correlated with larger 
tumor size. The relation to tumor size could be related 
to the fact, that larger tumors may trigger a more potent 
immunological response manifested by the circulation of  
proinflammatory cytokines such as TNF-α[56].

PPAR-γ
PPAR-γ, a ligand-activated transcription factor, is a key 
regulator of  adipogenic differentiation and glucose 
homeostasis. PPAR-γ ligands have recently been dem-
onstrated to affect proliferation and differentiation in 
cancer cell lines. A gradually increasing number of  stud-
ies demonstrated the association between PPAR-γ and 
colorectal cancer[57]. 

A recent study demonstrated a positive PPAR-γ 
immunostaining in 48 of  86 cases of  colon cancer (56%). 
No association was found for PPAR-γ positivity with 
different Dukes’ stages, histological grade of  differentiation, 
tumor location, presence of  lymph node and liver 
metastasis, venous invasion, or tumor cell proliferating 
capacity assessed as Ki-67 overexpression. On the contrary, 
PPAR-γ expression was statistically significant correlated 
with the expression of  cell cycle-related molecules[58].

Another recent study demonstrated that PPAR-γ 
agonists have inhibitory effects on the proliferation of  
colon cancer cell lines associated with G1 cell cycle arrest 
and invasive activity. The latter effect is demonstrated 
in certain cell lines through the down-regulation of  
metalloproteinase-7 synthesis[59].

CONCLUSION
The association between metabolic syndrome and 
colorectal cancer is now supported by a large number 
of  epidemiological studies[14,16,17,19,26]. The components 
of  metabolic syndrome appear to have an additive ef-
fect on colon cancer development acting through dif-
ferent pathophysiological pathways. This evidence is 
based on studies of  determinants of  the metabolic 
syndrome (obesity, abdominal distribution of  adiposity, 
physical inactivity), clinical consequences (type 2 diabe-
tes, hypertension) of  this syndrome, plasma or serum 
components of  the definition of  metabolic syndrome 
(hypertriglyceridemia, hyperglycemia, low HDL choles-
terol), markers of  hyperinsulinemia or insulin resistance 
(insulin, C-peptide), and serum inflammatory cytokines 
levels in relation to colon cancer or adenoma risk. High 
insulin and insulin resistance are common features of  
industrialized societies characterized by a large preva-
lence of  overweight individuals and obesity, a diet rich in 
energy intake, and a lifestyle characterized by low calorie 
expenditure. Understanding the pathological mechanism 
that links metabolic syndrome and its components to 
carcinogenesis has a very important clinical significance. 
Controlling even one or two of  the components of  the 
metabolic syndrome may result in a longer, healthier and 
cancer-free life. Public health efforts aimed at reducing 
lifestyle patterns and dietary habits associated with this 
imbalance on insulin metabolism may have profound 
health benefits on a number of  diseases including can-
cer, that represent major causes of  mortality and mor-
bidity in our societies.

REFERENCES
1	 Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J. 

The metabolic syndrome: a global public health problem 
and a new definition. J Atheroscler Thromb 2005; 12: 295-300

2	 Vague J. La differenciation sexuelle, facteur determinant 
des formes de l’obesite. Presse Med 1947; 55: 339

3	 Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel 
RH, Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith 
SC Jr, Spertus JA, Costa F. Diagnosis and management of 
the metabolic syndrome: an American Heart Association/
National Heart, Lung, and Blood Institute Scientific 
Statement. Circulation 2005; 112: 2735-2752

4	 Kahn R, Buse J, Ferrannini E, Stern M. The metabolic 
syndrome: time for a critical appraisal: joint statement 
from the American Diabetes Association and the European 
Association for the Study of Diabetes. Diabetes Care 2005; 28: 
2289-2304

5	 Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence 
and trends in obesity among US adults, 1999-2000. JAMA 
2002; 288: 1723-1727

6	 Martínez MA, Puig JG, Mora M, Aragón R, O'Dogherty P, 
Antón JL, Sánchez-Villares T, Rubio JM, Rosado J, Torres 

5146    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol     November 7, 2009     Volume 15    Number 41



www.wjgnet.com

R, Marcos J, Pallardo LF, Banegas JR. Metabolic syndrome: 
prevalence, associated factors, and C-reactive protein: the 
MADRIC (MADrid RIesgo Cardiovascular) Study. Metabolism 
2008; 57: 1232-1240

7	 Hildrum B, Mykletun A, Hole T, Midthjell K, Dahl AA. 
Age-specific prevalence of the metabolic syndrome defined 
by the International Diabetes Federation and the National 
Cholesterol Education Program: the Norwegian HUNT 2 
study. BMC Public Health 2007; 7: 220

8	 Cameron AJ, Shaw JE, Zimmet PZ. The metabolic syndrome: 
prevalence in worldwide populations. Endocrinol Metab Clin 
North Am 2004; 33: 351-375, table of contents

9	 Ninomiya JK, L'Italien G, Criqui MH, Whyte JL, Gamst A, 
Chen RS. Association of the metabolic syndrome with history of 
myocardial infarction and stroke in the Third National Health 
and Nutrition Examination Survey. Circulation 2004; 109: 42-46

10	 Eckel RH , Grundy SM, Zimmet PZ. The metabolic 
syndrome. Lancet 2005; 365: 1415-1428

11	 Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, 
McQueen M, Budaj A, Pais P, Varigos J, Lisheng L. Effect of 
potentially modifiable risk factors associated with myocardial 
infarction in 52 countries (the INTERHEART study): case-
control study. Lancet 2004; 364: 937-952

12	 Kreger BE, Splansky GL, Schatzkin A. The cancer experience 
in the Framingham Heart Study cohort. Cancer 1991; 67: 1-6

13	 Boyle P, Leon ME. Epidemiology of colorectal cancer. Br 
Med Bull 2002; 64: 1-25

14	 Curado MP, Edwards B, Shin HR, Storm H, Ferlay J, Heanue 
M, Boyle P, editors. Cancer Incidence in Five Continents, Vol. 
IX. IARC Scientific Publications No. 160, Lyon, IARC, 2007. 
Available from: URL: http://www-dep.iarc.fr/CI5_IX_frame.
htm

15	 Garow D . Metabolic syndrome is a r isk factor for 
colorectal cancer in the United States. American College of 
Gastroenterology 2008 Annual Scientific Meeting. October 6, 
2008

16	 Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. 
Overweight, obesity, and mortality from cancer in a 
prospectively studied cohort of U.S. adults. N Engl J Med 
2003; 348: 1625-1638

17	 Ahmed RL, Schmitz KH, Anderson KE, Rosamond WD, 
Folsom AR. The metabolic syndrome and risk of incident 
colorectal cancer. Cancer 2006; 107: 28-36

18	 Trevisan M, Liu J, Muti P, Misciagna G, Menotti A, Fucci F. 
Markers of insulin resistance and colorectal cancer mortality. 
Cancer Epidemiol Biomarkers Prev 2001; 10: 937-941

19	 Khaw KT, Wareham N, Bingham S, Luben R, Welch A, 
Day N. Preliminary communication: glycated hemoglobin, 
diabetes, and incident colorectal cancer in men and women: 
a prospective analysis from the European prospective 
investigation into cancer-Norfolk study. Cancer Epidemiol 
Biomarkers Prev 2004; 13: 915-919

20	 Saydah SH, Platz EA, Rifai N, Pollak MN, Brancati FL, 
Helzlsouer KJ. Association of markers of insulin and glucose 
control with subsequent colorectal cancer risk. Cancer 
Epidemiol Biomarkers Prev 2003; 12: 412-418

21	 Stocks T, Lukanova A, Johansson M, Rinaldi S, Palmqvist 
R, Hallmans G, Kaaks R, Stattin P. Components of 
the metabolic syndrome and colorectal cancer risk; a 
prospective study. Int J Obes (Lond) 2008; 32: 304-314

22	 Pischon T, Lahmann PH, Boeing H, Friedenreich C, Norat 
T, Tjønneland A, Halkjaer J, Overvad K, Clavel-Chapelon F, 
Boutron-Ruault MC, Guernec G, Bergmann MM, Linseisen 
J, Becker N, Trichopoulou A, Trichopoulos D, Sieri S, Palli 
D, Tumino R, Vineis P, Panico S, Peeters PH, Bueno-de-
Mesquita HB, Boshuizen HC, Van Guelpen B, Palmqvist 
R, Berglund G, Gonzalez CA, Dorronsoro M, Barricarte 
A, Navarro C, Martinez C, Quirós JR, Roddam A, Allen 
N, Bingham S, Khaw KT, Ferrari P, Kaaks R, Slimani N, 
Riboli E. Body size and risk of colon and rectal cancer in 
the European Prospective Investigation Into Cancer and 
Nutrition (EPIC). J Natl Cancer Inst 2006; 98: 920-931

23	 Moore LL, Bradlee ML, Singer MR, Splansky GL, Proctor 
MH, Ellison RC, Kreger BE. BMI and waist circumference 
as predictors of lifetime colon cancer risk in Framingham 
Study adults. Int J Obes Relat Metab Disord 2004; 28: 559-567

24	 Otake S , Takeda H, Suzuki Y, Fukui T, Watanabe S, 
Ishihama K, Saito T, Togashi H, Nakamura T, Matsuzawa 
Y, Kawata S. Association of visceral fat accumulation and 
plasma adiponectin with colorectal adenoma: evidence for 
participation of insulin resistance. Clin Cancer Res 2005; 11: 
3642-3646

25	 Hamoudi WTY, Dumitrascu DL. Is there an association 
between coronary heart disease and colorectal carcinoma? 
Results from a pilot study. Rom J Gastroenterol 1997; 6: 13-16

26	 Colangelo LA, Gapstur SM, Gann PH, Dyer AR, Liu K. 
Colorectal cancer mortality and factors related to the insulin 
resistance syndrome. Cancer Epidemiol Biomarkers Prev 2002; 
11: 385-391

27	 Schoen RE, Tangen CM, Kuller LH, Burke GL, Cushman 
M, Tracy RP, Dobs A, Savage PJ. Increased blood glucose 
and insulin, body size, and incident colorectal cancer. J Natl 
Cancer Inst 1999; 91: 1147-1154

28	 Ma J, Giovannucci E, Pollak M, Leavitt A, Tao Y, Gaziano 
JM, Stampfer MJ. A prospective study of plasma C-peptide 
and colorectal cancer risk in men. J Natl Cancer Inst 2004; 96: 
546-553

29	 Wei EK, Ma J, Pollak MN, Rifai N, Fuchs CS, Hankinson 
SE, Giovannucci E. C-peptide, insulin-like growth factor 
binding protein-1, glycosylated hemoglobin, and the risk 
of distal colorectal adenoma in women. Cancer Epidemiol 
Biomarkers Prev 2006; 15: 750-755

30	 Sandhu MS, Dunger DB, Giovannucci EL. Insulin, insulin-
like growth factor-I (IGF-I), IGF binding proteins, their 
biologic interactions, and colorectal cancer. J Natl Cancer Inst 
2002; 94: 972-980

31	 Grimberg A, Cohen P. Role of insulin-like growth factors and 
their binding proteins in growth control and carcinogenesis. 
J Cell Physiol 2000; 183: 1-9

32	 Warren RS, Yuan H, Matli MR, Ferrara N, Donner DB. 
Induction of vascular endothelial growth factor by insulin-
like growth factor 1 in colorectal carcinoma. J Biol Chem 
1996; 271: 29483-29488

33	 Jenkins PJ. Acromegaly and cancer. Horm Res 2004; 62 
Suppl 1: 108-115

34	 Giovannucci E, Pollak MN, Platz EA, Willett WC, Stampfer 
MJ, Majeed N, Colditz GA, Speizer FE, Hankinson SE. A 
prospective study of plasma insulin-like growth factor-1 
and binding protein-3 and risk of colorectal neoplasia in 
women. Cancer Epidemiol Biomarkers Prev 2000; 9: 345-349

35	 Ma J , Pollak MN, Giovannucci E, Chan JM, Tao Y, 
Hennekens CH, Stampfer MJ. Prospective study of colorectal 
cancer risk in men and plasma levels of insulin-like growth 
factor (IGF)-I and IGF-binding protein-3. J Natl Cancer Inst 
1999; 91: 620-625

36	 Williams AC, Collard TJ, Perks CM, Newcomb P, Moorghen 
M, Holly JM, Paraskeva C. Increased p53-dependent 
apoptosis by the insulin-like growth factor binding protein 
IGFBP-3 in human colonic adenoma-derived cells. Cancer 
Res 2000; 60: 22-27

37	 Barnard JA , Beauchamp RD, Coffey RJ, Moses HL. 
Regulation of intestinal epithelial cell growth by transforming 
growth factor type beta. Proc Natl Acad Sci USA 1989; 86: 
1578-1582

38	 Giovannucci E , Ascherio A, Rimm EB, Colditz GA, 
Stampfer MJ, Willett WC. Physical activity, obesity, and risk 
for colon cancer and adenoma in men. Ann Intern Med 1995; 
122: 327-334

39	 Kaaks R, Toniolo P, Akhmedkhanov A, Lukanova A, Biessy 
C, Dechaud H, Rinaldi S, Zeleniuch-Jacquotte A, Shore RE, 
Riboli E. Serum C-peptide, insulin-like growth factor (IGF)-I, 
IGF-binding proteins, and colorectal cancer risk in women. J 
Natl Cancer Inst 2000; 92: 1592-1600

40	 Cowey S, Hardy RW. The metabolic syndrome: A high-risk 

Pais R et al. Metabolic syndrome and colorectal cancer                                                                                 5147



www.wjgnet.com

state for cancer? Am J Pathol 2006; 169: 1505-1522
41	 Vona-Davis L, Howard-McNatt M, Rose DP. Adiposity, 

type 2 diabetes and the metabolic syndrome in breast 
cancer. Obes Rev 2007; 8: 395-408

42	 Barb D , Williams CJ, Neuwirth AK, Mantzoros CS. 
Adiponectin in relation to malignancies: a review of existing 
basic research and clinical evidence. Am J Clin Nutr 2007; 86: 
s858-s866

43	 Rose DP, Komninou D, Stephenson GD. Obesity, adipo-
cytokines, and insulin resistance in breast cancer. Obes Rev 
2004; 5: 153-165

44	 Wang Y, Lam KS, Xu JY, Lu G, Xu LY, Cooper GJ, Xu A. 
Adiponectin inhibits cell proliferation by interacting with 
several growth factors in an oligomerization-dependent 
manner. J Biol Chem 2005; 280: 18341-18347

45	 Goldstein BJ, Scalia R. Adiponectin: A novel adipokine 
linking adipocytes and vascular function. J Clin Endocrinol 
Metab 2004; 89: 2563-2568

46	 Bråkenhielm E, Veitonmäki N, Cao R, Kihara S, Matsuzawa 
Y, Zhivotovsky B, Funahashi T, Cao Y. Adiponectin-induced 
antiangiogenesis and antitumor activity involve caspase-
mediated endothelial cell apoptosis. Proc Natl Acad Sci USA 
2004; 101: 2476-2481

47	 Ferroni P, Palmirotta R, Spila A, Martini F, Raparelli V, 
Fossile E, Mariotti S, Del Monte G, Buonomo O, Roselli M, 
Guadagni F. Prognostic significance of adiponectin levels 
in non-metastatic colorectal cancer. Anticancer Res 2007; 27: 
483-489

48	 Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros 
CS. Low plasma adiponectin levels and risk of colorectal 
cancer in men: a prospective study. J Natl Cancer Inst 2005; 
97: 1688-1694

49	 Slattery ML, Wolff RK, Herrick J, Caan BJ, Potter JD. Leptin 
and leptin receptor genotypes and colon cancer: gene-
gene and gene-lifestyle interactions. Int J Cancer 2008; 122: 
1611-1617

50	 Stattin P, Lukanova A, Biessy C, Söderberg S, Palmqvist R, 
Kaaks R, Olsson T, Jellum E. Obesity and colon cancer: does 

leptin provide a link? Int J Cancer 2004; 109: 149-152
51	 Chia VM, Newcomb PA, Lampe JW, White E, Mandelson 

MT, McTiernan A, Potter JD. Leptin concentrations, leptin 
receptor polymorphisms, and colorectal adenoma risk. 
Cancer Epidemiol Biomarkers Prev 2007; 16: 2697-2703

52	 Tamakoshi K, Toyoshima H, Wakai K, Kojima M, Suzuki K, 
Watanabe Y, Hayakawa N, Yatsuya H, Kondo T, Tokudome 
S, Hashimoto S, Suzuki S, Kawado M, Ozasa K, Ito Y, 
Tamakoshi A. Leptin is associated with an increased female 
colorectal cancer risk: a nested case-control study in Japan. 
Oncology 2005; 68: 454-461

53	 Chung YC, Chang YF. Serum interleukin-6 levels reflect 
the disease status of colorectal cancer. J Surg Oncol 2003; 83: 
222-226

54	 Sonnenberg GE, Krakower GR, Kissebah AH. A novel 
pathway to the manifestations of metabolic syndrome. Obes 
Res 2004; 12: 180-186

55	 Valko M, Izakovic M, Mazur M, Rhodes CJ, Telser J. Role of 
oxygen radicals in DNA damage and cancer incidence. Mol 
Cell Biochem 2004; 266: 37-56

56	 Nikiteas NI, Tzanakis N, Gazouli M, Rallis G, Daniilidis 
K, Theodoropoulos G, Kostakis A, Peros G. Serum IL-6, 
TNFalpha and CRP levels in Greek colorectal cancer patients: 
prognostic implications. World J Gastroenterol 2005; 11: 
1639-1643

57	 Fajas L, Debril MB, Auwerx J. Peroxisome proliferator-activated 
receptor-gamma: from adipogenesis to carcinogenesis. J Mol 
Endocrinol 2001; 27: 1-9

58	 Theocharis S, Giaginis C, Parasi A, Margeli A, Kakisis 
J, Agapitos E, Kouraklis G. Expression of peroxisome 
proliferator-activated receptor-gamma in colon cancer: 
correlation with histopathological parameters, cell cycle-
related molecules, and patients' survival. Dig Dis Sci 2007; 
52: 2305-2311

59	 Shen D, Deng C, Zhang M. Peroxisome proliferator-
activated receptor gamma agonists inhibit the proliferation 
and invasion of human colon cancer cells. Postgrad Med J 
2007; 83: 414-419

S- Editor  Li LF    L- Editor  O’Neill M    E- Editor  Zheng XM

5148    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol     November 7, 2009     Volume 15    Number 41



Guang-Liang Jiang, Wha Bin Im, Yariv Donde, Larry A Wheeler, 
Department of Biological Sciences and Medical Chemistry, 
Herbert Research Center, Allergan, Inc., Irvine, California, CA 
92612, United States
Author contributions: Jiang GL, Im WB and Wheeler LA 
contributed to program initiation, assay validation, compound 
screening, hypothesis formation, study design and conduction, 
data analysis and discussion, as well as writing and editing the 
manuscript; Donde Y invented and synthesized the compounds.
Correspondence to: Guang-Liang Jiang, MD, PhD, Principal 
Scientist, Department of Biological Sciences, Herbert Research 
Center, Allergan, Inc., 2525 Dupont Dr., R&D-2B, Irvine, 
California, CA 92612, 
United States. jiang_guang-liang@allergan.com
Telephone: +1-714-2466794  Fax: +1-714-2462223
Received: July 25, 2009	   Revised: September 1, 2009
Accepted: September 8, 2009
Published online: November 7, 2009 

Abstract
AIM: To investigate EP4-selective agonist effect on 
indomethacin-induced gastric lesions and on the 
spontaneous healing of chronic gastric ulcers.

METHODS: In a mouse model of gastric bleeding with 
high dose of indomethacin (20 mg/kg), an EP4-selective 
agonist was administered orally. Stomach lesions and 
gastric mucous regeneration were monitored. In a 
mouse model of chronic gastric ulcer induced by acetic 
acid, EP4 agonist effect on the healing of chronic gastric 
ulcer was evaluated in the presence or absence of low 
dose indomethacin (3 mg/kg). In cultured human gastric 
mucous cells, EP4 agonist effect on indomethacin-
induced apoptosis was assessed by flow cytometry.

RESULTS: The EP4-selective agonist reduced high 
dose indomethacin-induced acute hemorrhagic 
damage and promoted mucous epithelial regeneration. 
Low-dose indomethacin aggravated ulcer bleeding 
and inflammation, and delayed the healing of the 
established chronic gastric ulcer. The EP4 agonist, when 
applied locally, not only offset indomethacin-induced 
gastric bleeding and inflammation, but also accelerated 
ulcer healing. In the absence of indomethacin, the EP4 
agonist even accelerated chronic gastric ulcer healing 
and suppressed inflammatory cell infiltration in the 
granulation tissue. In vitro , the EP4 agonist protected 
human gastric mucous cells from indomethacin-induced 
apoptosis. 

CONCLUSION: EP4-selective agonist may prevent 
indomethacin-induced gastric lesions and promote 
healing of existing and indomethacin-aggravated gastric 
ulcers, via  promoting proliferation and survival of 
mucous epithelial cells. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Over 300 million patients use non-steroidal anti-inflam-
matory drugs (NSAIDs) in the world to treat pain, ar-
thritis, fever and other diseases. Nearly 30% of  the users 
suffer from gastric lesions and bleeding. Mechanisms for 
such actions of  NSAIDs seem to be complex and multi-
factorial, including the inhibition of  prostaglandin (PG) 
synthesis, induction of  apoptosis and necrosis of  gastric 
mucosal cells[1-3], neutrophil penetration, dysfunction of  
microvessels, reduced secretion of  bicarbonate and mu-
cus, and increased gastric motility[4]. 

Proton pump inhibitors (PPIs) have been the main-
stay for the treatment of  gastric ulcers, primarily due 
to its abilities to reduce acid secretion[5]. An alternative 
approach is to administer misoprostol, a non-selective 
prostaglandin E1 (PGE1) analogue. PGE2/E1 has 
been shown to protect isolated gastric glands from in-
domethacin, independently of  neural, vascular and hor-
monal factors[6]. Misoprostol has successfully prevented 
NSAID-induced bleeding, perforation or gastric outlet 
obstruction in patients[5,7], and reversed the negative ef-
fects of  indomethacin on the maturation of  granulation 
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tissue which PPIs were not able to do[8]. Misoprostol, 
however, produces severe side effects, such as diarrhea, 
gastrointestinal (GI) cramping pain, nausea, flatulence, 
dyspepsia, abortion, headache and poor tolerance[9]. 
Among the four PGE2 receptor subtypes (EP1-4), EP4 
is constitutively expressed in gastric surface mucous 
cells, the first layer of  lining cells of  the stomach mu-
cus[10-12], and its agonists have been shown to inhibit the 
production of  chemokines and cytotoxic cytokines from 
immune cells[13,14], and to promote epithelial cell survival 
and growth by activating anti-apoptotic and proliferative 
cellular signaling pathways[1,15,16]. Previous studies, using 
a non-selective EP3/EP4 agonist or an EP4 antagonist, 
imply EP4’s role in gastric ulcer healing[17]; however, di-
rect evidence of  EP4 agonists’ role on gastric lesions is 
still missing. In the present study, we investigated thera-
peutic potentials of  a highly-selective EP4 agonist for 
treatment of  a mouse gastric ulcer model in the presence 
or absence of  indomethacin at various levels. 

MATERIALS AND METHODS
The EP4-selective agonist
Competition binding experiments were performed in 
a medium containing Hank’s balanced salt solution,  
20 mmol/L HEPES, pH 7.3, membranes (about 60 μg  
protein) or 2 × 105 cells from HEK 293 cells stably 
expressing the human EP4 receptor, [3H] PGE2 (10 nmol/L)  
and various concentrations of  test compounds in a total 
volume of  300 μL, read with LS6500 multi-purpose 
scintillation counter (Beckman Coulter, CA). cAMP assay 
was carried out using AlphaScreen cAMP assay kits 
(PerkinElmer, Boston, MA) following manufacturer’s  
instructions. Intracellular Ca2+ was monitored using 
a FLIPR Tetra system and assay kits from Molecular 
Devices following manufacturer’s instructions. All assays 
were carried out in HEK-293 cells heterologously and 
stably expressing each of  the eight human recombinant 
prostanoid receptors. For Ca2+ signals, hEP2, hEP4 and 
hDP were co-expressed with a chimeric G protein, Gqs, 
which converts the Gs signal to a Gq Ca2+ signal, and 
hEP3 with a chimeric G protein, Gqi. Subtype-selective 
compounds used here were PGE2 for EP1, EP2, EP3 
and EP4; BW245C for DP; 17-phenyl PGF2α for FP, 
carbacyclin for IP and U-46619 for TP. 

The PGE2 analog used in this study bound hEP4 
with a Ki of  6.7 ± 0.7 nmol/L, not other prostanoid 
receptors, and increased cAMP production with an EC50 
of  0.25 ± 0.03 nmol/L. On the other hand, the drug at 
10 μmol/L showed no detectable FLIPR signals in HEK 
293 cells heterologously expressing hEP1, hFP, hIP and 
hTP, and also in hEP2 (Gqs), hEP4 (Gqs), hEP3 (Gqi), 
hDP (Gqs), respectively. This compound is unstable 
in liver microsomes and thus when locally applied, its 
systemic exposure was minimal. 

Cell culture and apoptosis assay
Human gastric mucosal cells (AGS) were purchased from 
the American Type Culture Collection (Manassas, VA), 
and maintained on Ham’s F-12 medium (GIBCO-BRL) 

with 10% heat-inactivated fetal bovine serum and 1% 
penicillin/streptomycin. The cells were seeded in 6-well 
plates at 1 × 105 cells/well. After overnight (37℃, 5% 
CO2) culture, the cells were treated with indomethacin at 
50, 100, 200 or 400 μmol/L for 24 h, under serum-free 
conditions, to induce apoptosis as reported elsewhere[18]. 
Cell apoptosis was quantitated with flow cytometry as 
below. To evaluate EP4 agonist effect on cell survival, 
70% confluent cells were treated with the EP4 agonist at 
0, 1, 3 or 10 nmol/L, respectively, followed by 400 μmol/L  
indomethacin 30 min later. Twenty-four hours later, 
cells were collected and washed in cold PBS, and fixed 
with cold 70% ethanol added drop by drop while vortex 
stirring. Following overnight fixation, the cells were 
stained with propidium iodide (10 μg/mL, Sigma) and 
RNase A (1 mg/mL, Sigma) for 30 min in the dark. The 
cells were sorted by flow cytometry using CellQuest 
software (Becton Dickson, San Diego, CA). The sub-2N 
population was quantified. The percentage of  apoptotic 
cells was calculated by sub-2N population from each 
drug treatment minus vehicle treatment[19]. 

Indomethacin-induced gastric damage model
High dose indomethacin (20 mg/kg in 4% DMSO, 
corn oil) was orally gavaged to induce gastric damage in 
C57BL/6 mice (Charles River, Wilmington, MA) at 8 wk  
old[20,21]. Vehicle or the EP4 agonist at 0.1 mg/kg in  
0.1 mL 4% DMSO-corn oil was orally gavaged, 24 h and 
30 min prior to indomethacin. Gastric lesions were assessed 
24 h after indomethacin administration. The stomachs 
were removed, inflated with 2% formalin, immersed in 
2% formalin for 10 min and then opened along the great 
curvature. The area of  hemorrhagic lesions was measured 
under a dissecting microscope (16 × magnification) with 
a square grid (× 10), summed per stomach, and used as 
a lesion score[20,21]. The stomachs were then fixed in 10% 
formalin and sectioned at 5 μm thickness. HE staining was 
performed as usual. To monitor cell proliferation, BrdU 
was injected intraperitoneally at 10 mg/mL in 0.1 mL of  
normal saline, 16 h prior to sacrifice. Paraffin-embedded 
sections were deparaffinized in xylene and rehydrated in 
ethanol. Antigen was retrieved with citrate buffer, pH 6.0, 
boiled for 5 min in a microwave and slowly cooled down at 
room temperature. Immunofluorescence staining of  BrdU 
was then performed following manufacturer’s instructions 
(Roche-Applied Science, Penzberg, Germany). Briefly, the 
sections were incubated with sufficient amount of  anti-
BrdU working solution at 4℃ in a humid atmosphere for 
24 h; after 3 × washing, anti-mouse-Ig-fluorescein was 
applied for 30 min at 37℃ in a humid atmosphere. DAPI 
was used to co-stain the slides for 5 min. The slides were 
covered with antifade mount medium, and evaluated with 
a fluorescence microscope. Ten views from each section 
were randomly collected at original magnification, × 200. 
The percentages of  BrdU-positive cells were counted in 
well-oriented glands of  mucous layer. 

Chronic gastric ulcer model and treatments 
C57BL/6 mice at 3 mo old were shaved in the epigastric 
region and anesthetized with isofluorane. Following 
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sterilization with betadine and 70% ethanol, a midline 
incision was made to expose the stomach. Five microliters 
of  40% acetic acid was added through a 3 mm curette 
onto the serosal surface of  the anterior wall of  the 
stomach (just proximal to the antral gland area). The 
curette was placed tightly on the stomach surface to limit 
the spread of  acetic acid. Thirty seconds later, acetic acid 
was wiped off  and the surface was cleaned with normal 
saline. The abdomen wall was closed by 6-0 silk sutures, 
and the skin was closed by staples[22]. We first performed 
a study to monitor the dynamic changes of  ulcers and 
animals. The mice lost some weight initially and recovered 
in 2 d. Their ulcer sizes were peaked at day 3 and then 
spontaneously healed within 2 wk. Vehicle or the EP4 
agonist (0.1 mg/kg per day) and/or indomethacin  
(3 mg/kg per day) were orally gavaged from day 3 to 
day 6 in 0.1 mL 4% DMSO-corn oil. Then the animals 
were assessed on day 7. To study EP4 agonist effect on 
chronic gastric ulcer healing (without indomethacin), the 
EP4 agonist (0.1 mg/kg per day) or vehicle were given 
from day 3 to day 10, and evaluated on days 7 and 11, 
respectively. 

On the day of  sacrifice, blood was withdrawn, and 
hematology analysis was conducted by personnel who 
did not know the treatments (ADVIA120 Hematology 
System, Bayer, Tarrytown, NY). The stomachs were 
inflated with 2% formalin for 10 min and opened along 
the greater curvature. The stomachs were flattened 
on 3M paper. The ulcers were photographed under 
dissection microscopy (× 16) with a hooked camera, and 
images stored in the computer and analyzed by SPOT 
software. The stomachs were then fixed in 10% formalin 
and processed for sectioning. A slice cutting through the 
biggest diameter of  each ulcer was sectioned and stained 
by HE. 

All animal use protocols were approved and performed 
according to the guidelines of  Allergan’s animal care and 
use committee. Data shown are mean ± SE. Statistical 
analysis was conducted by student t-test.

RESULTS
EP4 agonist decreased indomethacin-induced apoptosis
Exposure of  human gastric mucous epithelial cells (AGS) 
to indomethacin (0, 50, 100, 200, 400 μmol/L) for 24 h  
concentration-dependently induced cell apoptosis as 
determined using flow cytometry analysis (Figure 1A). 
Particularly, indomethacin at 400 μmol/L markedly 
increased apoptosis, nearly 10-fold greater than in the 
untreated cells, and its activity was significantly reduced 
upon treatment (30 min before) with a highly-selective 
and potent EP4 agonist (see materials and methods), in 
a dose-dependent manner (Figure 1B). The EP4 agonist 
at the highest dose, 10 nmol/L, significantly decreased 
indomethacin-induced apoptosis, by more than 50%. 

EP4 agonist alleviated indomethacin-induced acute 
damage and promoted epithelial regeneration in mice
In rats, apoptosis of  mucous epithelial cells contributes 
to indomethacin-induced lesions in stomachs[18], and 

here we examined whether the EP4 agonist protects the 
gastric mucus layer from indomethacin. Indomethacin at 
high dose (20 mg/kg) produced band-shaped hemorrhagic 
lesions in the mucous layer mostly at the glandular part of  
the stomachs, occurring 7 h post indomethacin application. 
Histologically, there was edema and disorganization of  the 
mucous layer, patchy mucous epithelial cell exfoliation, 
shallow ulcer formation and bleeding with infiltration 
of  inflammatory cells in vehicle treated mice. The 
mucous layer of  EP4-treated mice remained largely 
intact except for some sparse, focal superficial defects 
in mucous cells (Figure 2A). Treatment with the EP4 
agonist (concentration 0.002%), 24 h and 30 min before 
indomethacin, significantly reduced gastric lesion scores, 
from an average of  16 to less than 6 (Figure 2B). BrdU 
staining-positive cells were largely limited to the isthmus 
and neck region in the tubular glands of  the stomach 
mucosa layer in vehicle-treated mice (Figure 2A). BrdU-
positive cells migrated much higher and lower along 
the tubular glands in the EP4 agonist-treated mice than 
vehicle-treated mice (Figure 2A). BrdU-positive cells in 
mucous layer were on average 29% in EP4 treated mice, 
and 21% in vehicle treated mice (Figure 2B). Taken 
together, the EP4 agonist may stimulate proliferation 
and migration of  gastric epithelial progenitors, so as to 
accelerate mucous repair.
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Low dose indomethacin exacerbated chronic gastric 
ulcers in mice
A chronic gastric ulcer model was established by acetic 
acid application in mice. Low-dose indomethacin (3 mg/kg  
per day), which is sufficient to block de novo synthesis of  
PGE2, was applied 3 d post ulcer induction. On day 7, 
the indomethacin treatment increased gross ulcer areas 
by 76% as compared to vehicle-treated mice (P < 0.01, 
Figure 3A). Consistent with exacerbation of  gastric ulcer 
sizes, hematology analysis revealed that indomethacin 
also worsened blood loss from the ulcers (Figure 3B), 
and higher lymphocyte surge as compared to untreated 
controls (Figure 3C). This supports the view that blocking 
of  de novo synthesis of  PGE2 delayed spontaneous repair 
of  established gastric ulcer, and exacerbated inflammation 
and bleeding, which is similar to human gastric ulcer’s 
responses to NSAIDs.

EP4 agonist ameliorated indomethacin exacerbation on 
chronic gastric ulcer in mice
We next investigated whether exogenous EP4 agonist is 
capable of  promoting ulcer healing in the presence of  
indomethacin treatment. Indomethacin (3 mg/kg) with 
EP4 agonist (0.002% in 0.1 mL) or with vehicle was 
orally administered to mice with established gastric ulcers 
from day 3 to day 7. Mice treated with EP4 agonist 

had a smaller ulcer size than mice treated with vehicle, 
75.04% ± 7.06% and 100.02% ± 9.44%, respectively, 
on day 7. Hematology analysis showed that EP4 agonist 
treatment significantly ameliorated loss of  red blood 
cells, hemoglobin and hematocrit (Figure 4A). This may 
suggest that EP4 agonist-treated mice had either smaller 
ulcers or more mature granulation tissue than control 
mice. EP4 agonist leads to gastric mucous vasodilation, 
not vasoconstriction (mediated by EP3 receptor)[13] and 
mature granulation tissue is more resistant to noxious 
stimuli. The inflammation at ulcer sites was reflected 
by white blood cell counts in the peripheral circulation. 
EP4 agonist treatment decreased white blood cell counts 
from 6900/μL to 5600/μL, and lymphocyte counts 
from 4690/μL to 3330/μL (P < 0.05) (Figure 4B).

EP4 agonist accelerated the spontaneous healing of 
chronic gastric ulcer
We also examined the effects of  EP4 agonist alone 
on gastric ulcer healing. By day 7, treatment with EP4 
agonist reduced ulcer area by 40% as compared to that 
observed with vehicle treated mice (Figure 5A, P < 
0.005). By day 11, the drug further reduced ulcer size 
by 70% (Figure 5A). There was much less inflammatory 
cell infiltration and necrosis tissue in the ulcers of  EP4 
agonist-treated animals, compared with untreated mice. 
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On sectioning slides, inflammatory cell scores were 
1.8 ± 0.2 for the EP4-agonist-treated and 2.7 ± 0.2 for 
the vehicle-treated mice (P < 0.05) (Figure 5B). 

DISCUSSION
In the present study, we have shown that indomethacin, a 
prototypic cyclo-oxygenase (COX) inhibitor, at high dose, 
induced gastric epithelial apoptosis and produced gastric 
hemorrhagic lesions, and that the EP4-selective agonist 
we used here reduced such indomethacin-induced gastric 
injuries. Also, the EP4 agonist ameliorated ulcer bleeding 
and inflammation exacerbated by indomethacin at a low 
dose on existing ulcers, and promoted the spontaneous 
healing of  chronic gastric ulcers in the absence of  
indomethacin.

Such indomethacin-induced gastric injuries and 
PGE2 analogue-induced gastric protection appear to be 
somewhat similar to their actions observed at cellular 
level: NSAIDs are known to bring about mitochondrial 
damage, caspase cleavage, and eventually cell apoptosis 
in human gastric mucus as well as animal primary gastric 
epithelial cells[3,18,23,24]. PGE2 and its analogs, on the 
other hand, inhibit indomethacin-induced mitochondrial 
damage and apoptosis in gastric epithelial cells[23,25], and 
a PGE1 analog, misoprostol, has been shown to reverse 
the inhibitory effect of  NSAIDs on the regeneration 
of  gastric mucous epithelial cells from human and 
animals[26]. 11-deoxy-PGE1 (EP3/EP4 agonist) reverses 
indomethacin-induced delay in the healing of  chronic 
gastric ulcers[17]. One EP4-selective antagonist shows a 
deleterious effect on the spontaneous healing of  chronic 
gastric ulcers with simultaneous suppression of  vascular 
endothelial growth factor (VEGF) expression[17,27]. So 
gastric protective effects of  PGE2 and its analogs may 
be partly caused by the activation of  EP4, one of  its 4 
receptor subtypes, which is known to activate Gi- and 
Gs subtypes of  G proteins, and to transduce PI3k/
Akt/Erk1/2 and cAMP/PKA signaling[1,28,29]. Both 
pathways mediate pro-survival and proliferation signals 
in various epithelial cell lines, and are in line with our 
observation that the EP4 agonist inhibits indomethacin-
induced apoptosis in human gastric mucosal cells (AGS), 
an established model for gastrointestinal effects of  
COX inhibitors[30], and expressing high levels of  EP4 
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transcripts (data not shown). Besides cell survival, the 
stimulation of  intracellular cAMP from EP4 activation 
induces smooth muscle relaxation, and increases 
mucous blood supply and mucus secretion, which may 
additionally contribute to lessening indomethacin-
induced injuries[25,31-33]. 

In addition to acute damages produced by high-dose 
indomethacin, we also observed the chronic deleterious 
gastric effects of  indomethacin at low-dose, which is 
more relevant to common clinical situations. Consis-
tent with earlier reports[17,34,35], low-dose indomethacin 
delayed healing of  chronic gastric ulcers, exacerbated 
ulcer bleeding and inflammation, due to the inhibition 
of  COX-2 expression and de novo synthesis of  PGE2, 
and the inhibition of  epithelial cell proliferation at the 
ulcer edge in both animals and humans. We have shown 
here that the EP4 agonist reversed such chronic effects 
induced by indomethacin at low dose. 

Interestingly, we also observed here that the EP4 
agonist accelerated the healing of  chronic gastric ulcers 
under non-indomethacin challenged conditions. The 
major part of  gastric ulcer healing is the restoration of  
gastric structure, which depends on the formation of  the 
granulation tissue template made of  gastric fibroblast 
cells and neovasculature. These fibroblasts express EP4 
abundantly, and its activation is known to increase the 
synthesis of  basic fibroblast growth factor, hepatocyte 
growth factor and VEGF[29,36-38]. All these factors may 
accelerate regeneration of  fibroblasts and extracellular 
matrix, thus restoring ulcerated areas, and restituting 
epithelial cell layers[17,38]. Also the EP4 agonist showed 
anti-inflammatory activities as shown here and reported 
earlier[39]: fewer inflammatory cells in the blood and 
minimal infiltration in the ulcers from animals treated with 
the EP4 agonist. This should facilitate the healing process 

since the control of  inflammation is a pre-requisite to 
rapid healing[35]. 

In summary, EP4 agonists may mimic the gastric 
protective effects of  PGE2 in the presence or absence of  
NSAIDs, and may show advantages over non-selective 
analogs such as misoprostol by minimizing adverse 
effects arising from activating all 4 subtype receptors of  
PGE2. 
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COMMENTS
Background
Non-steroidal anti-inflammatory drugs (NSAIDs) including both cyclooxygenase 
(COX)-1/2 and COX-2-selective inhibitors, such as indomethacin, ibuprofen 
and celecoxib, have been prescribed in the world for treatment of pain, arthritis, 
menstrual symptoms and cancer, to name a few. However, nearly 30% of 
patients suffer from gastric lesions and bleeding. To mitigate NSAIDs’ adverse 
effects on the stomach, misoprostol, a non-selective PGE1 analogue, has been 
prescribed as the first choice for prevention of NSAID-induced injuries in USA, 
but often induces severe adverse effects. There remain unmet medical needs 
for drugs with improved therapeutic profiles.
Research frontiers
PGE2/E1 interacts with 4 subtype receptors, EP1, 2, 3 and 4 in mammalian 
cells. Numerous studies have been performed to understand each subtype 
receptor’s function and mechanism under various physiological and pathological 
conditions. High subtype receptor-selective ligands have been designed and 
tested to avoid adverse effects from non-selective drugs, such as misoprostol. 
Innovations and breakthroughs
This study employed a novel, highly selective EP4 agonist, reported direct 
evidence for its protective activities against NSAIDs in the stomach, and further 
disclosed that the EP4 agonist may in part function through promoting mucous 
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epithelial cell survival and regeneration. This is the first study to show that an 
EP4 agonist may facilitate chronic gastric ulcer healing, although similar activity 
of EP4 in the stomach has been implicated in several concurrent studies using 
non-selective EP4 agonists or antagonists. 
Applications 
The concept from this paper would facilitate therapeutic developments of 
EP4-selective agonists for prevention of NSAIDs’ adverse effects in the 
gastrointestinal (GI) tract as well as for monotherapy treatment of gastric ulcers. 
Further, EP4 agonists may provide gastric protection under conditions such as 
stress, radio/chemotherapy and other conditions compromising GI activities. 
Terminology
Prostaglandin E2 (PGE2) is synthesized via key enzymes COX-1/2, under 
normal conditions primarily by COX-1 and under pathological conditions by 
inducible COX-2. PGE2 is a paracrine or autocrine hormone, and is involved in 
inflammation and pain, and also plays an important role in functional stability of 
the GI tract. 
Peer review
In this manuscript, the authors investigated the effects of EP4-selective agonist 
on indomethacin-induced gastric lesions and spontaneous healing of chronic 
gastric ulcers in mice or cultured human gastric mucous cells. The study was 
well performed and very interesting.
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Abstract
AIM: To evaluate the spatial distribution of cerebral 
abnormalities in cirrhotic subjects with and without 
hepatic encephalopathy (HE) found with magnetization 
transfer imaging (MTI).

METHODS: Nineteen cirrhotic patients graded from 
neurologically normal to HE grade 2 and 18 healthy 
control subjects underwent magnetic resonance imaging. 
They gave institutional-review-board-approved written 
consent. Magnetization transfer ratio (MTR) maps 
were generated from MTI. We tested for significant 
differences compared to the control group using 
statistical non-parametric mapping (SnPM) for a voxel-
based evaluation.

RESULTS: The MTR of grey and white matter was 
lower in subjects with more severe HE. Changes were 
found in patients with cirrhosis without neurological 
deficits in the basal ganglia and bilateral white matter. 
The loss in magnetization transfer increased in severity 
and spatial extent in patients with overt HE. Patients 
with HE grade 2 showed an MTR decrease in white 
and grey matter: the maximum loss of magnetization 
transfer effect was located in the basal ganglia [SnPM 
(pseudo-)t  = 17.98, P  = 0.0001].

CONCLUSION: The distribution of MTR changes in 
HE points to an early involvement of basal ganglia and 
white matter in HE.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatic encephalopathy (HE) is a frequent complication 
of  liver cirrhosis, which is characterized by sleeping 
disorders, asterixis, and deficits in motor skills and 
reaction time. Twenty to eighty percent of  patients with 
cirrhosis suffer from minimal HE (mHE)[1]. Five years 
after the diagnosis of  mHE, 26% of  patients with liver 
cirrhosis have episodes of  overt HE. This condition is 
associated with a poor prognosis[2].

Studies using magnetization transfer contrast imaging 
(MTI) have demonstrated a decrease in the magnetization 
transfer ratio (MTR) in the brains of  cirrhosis patients 
with mHE and overt HE[3-10]. MTR decrease in cirrhosis 
has been proposed to be an effect of  astrocytic water re-
tention[5-7,9,10], demyelination[5] and axonal loss[5], in addition 
to changes in blood flow and energy metabolism[9].

MTI has been used successfully to monitor normal-
ization of  cerebral abnormalities in cirrhosis patients 
following liver transplantation[8], and has been shown to 
detect increasing abnormalities following induced hyper-
ammonemia[9]. 
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The cited studies evaluated MTR maps using region-
of-interest (ROI) based analyses. The MTR of  normal 
appearing white matter[5-10] and anatomically defined 
areas of  deep grey matter[3-5,10] have been the subject of  
previous studies on HE. To the best of  our knowledge, 
no systematic evaluation of  the spatial distribution of  
MTR abnormalities in HE has been published so far. 
The purpose of  the present study is to evaluate the 
spatial distribution of  MTI changes caused by central 
nervous system (CNS) abnormalities in HE. 

MATERIALS AND METHODS
Subjects
Approval was obtained from the institution’s review 
board. All patients and volunteers gave written informed 
consent after the neuropsychological tests and magnetic 
resonance imaging (MRI) had been explained fully. 
In this prospective study (for details see Table 1), 19 
patients (14 male and five female) with non-alcoholic 
cirrhosis and 18 age-matched controls (eight male and 
10 female) were included. Cirrhosis was caused by hepatitis 
C (n = 9), hemochromatosis (n = 2), primary chronic 
cholangitis (n = 2), hepatitis B (n = 1), Wilson’s disease  
(n = 1) and cryptogenic cirrhosis (n = 4). 

Subjects with a history of  drug abuse, including 
alcohol, and those suffering from neurological or 
psychiatric diseases were excluded. Also excluded were 
patients who were taking CNS-relevant medications such 
as benzodiazepines, benzodiazepine antagonists and 
antidepressants. Further exclusion criteria were severe 
diseases such as spontaneous bacterial peritonitis, severe 
renal failure, uncontrolled diabetes mellitus or coronary 
heart disease. Since asterixis and hyperreflexia, as well as 
other more severe neurological conditions such as stupor 
or somnolence may interfere with safe and artefact-free 
MRI, patients with higher degrees of  HE (grade 3 or 
4) who also had these conditions were not considered 
for investigation. Also, patients needed to cooperate 
for neuropsychological examination and the patients’ 
willingness represented a limitation in testing subjects 
with HE grade 3 or 4.

The severity of  liver disease was determined according 
to the Child-Pugh-score[11]: patients were graded Child-
Pugh A in nine cases, B in five and C in five.

Neuropsychological examination
Five computerized psychometric neurological tests were 
performed on each patient. The test battery included 
the visual pursuit test, motor performance series, 
Cognitrone, Vienna reaction test and Tachistoscopic 
Traffic Test Mannheim for Screen (TAVTMB) as part of  
the Vienna Test System (Schuhfried GmbH, Mödling, 
Austria, 1999). mHE was diagnosed if  a patient showed 
no clinical overt symptoms of  HE and performed at < 1 
SD below the mean in at least two of  the five computer 
psychometric tests of  the test battery. Cirrhosis patients 
without clinical overt HE who performed at < -1 SD in 
only one of  the tests were graded as having no HE[12]. 
Overt encephalopathy was graded according to the 

West-Haven criteria[13]. Cirrhosis patients were graded 
as no HE in five cases, mHE in three, HE 1 in six and 
HE 2 in five cases (Table 1). 

In order to assess the severity of  HE, the critical flicker 
frequency (CFF) was introduced in 2002. CFF is used in 
the evaluation of  neurological deficits in low-grade HE and 
has been shown to respond readily to an improvement or 
deterioration of  neurological symptoms[12].

CFF was determined in each patient using the Schuh-
fried Test System (Eberhard, G. Schuhfried GmbH, 
Mödling, Austria, 1994). A flickering light of  650 nm 
wavelength and 5.3 mcd was used for intrafoveal stimu-
lation, while the flickering frequency decreased at 
0.5-0.01 Hz/s. The CCF was defined as the frequency 
needed to perceive initially the stimulus as non-contin-
uous. The means of  eight repeat tests were determined 
(Figure 1).

MRI protocol 
All scans were acquired on a 1.5-T clinical scanner (Mag-
netom Vision Plus; Siemens Medical Solutions, Erlan-
gen, Germany) using the standard head coil. MTI was 
performed with two 2D gradient-echo sequences (TR 
700 ms, TE 12 ms, flip angle α = 20°, one acquisition, 
20 slices of  5 mm thickness, 0.5 mm gap), using a matrix 

Table 1  Nineteen patients with cirrhosis and 18 controls 
were enrolled (mean ± SD)

Controls Cirrhosis
n (male/female) 18 (8/10) 19 (14/5)
Age (yr)   55.7 ± 13.8        61.1 ± 12.4 NS
CFF (Hz) 41.3 ± 1.6 36.6 ± 4.9b

Child-Pugh grading
   A 9
   B 5
   C 5
HE grading
   HE 0 5
   mHE 3
   HE 1 6
   HE 2 5

bP < 0.01 vs controls (Mann-Whitney U test). NS: No significant difference.

50.0

40.0

30.0

Controls      no HE        mHE         HE 1        HE 2
HE

CF
F

Figure 1  CFF of controls and patients. HE grading and CFF (Hz). Circles 
indicate individuals’ CFF, bars represent means of groups (mean CFF of 
controls: 41.3 Hz; mean CFF of group with no HE: 41.4 Hz; mean CFF of group 
with mHE: 40.0 Hz; mean CFF of group with HE 1: 36.1 Hz; mean CFF of group 
with HE 2: 30.2 Hz).
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of  224 × 256 pixels with a field of  view of  240 mm × 
240 mm. The first set of  images was obtained with no 
saturation pulse. The latter sequence used a saturation 
pulse 1.5 kHz below H2O frequency, with a bandwidth 
of  250 Hz, 7.68 ms length and a flip angle of  500°. Ad-
ditionally, routine examinations including T2- and T1-
weighted imaging were performed to exclude patients with 
asymptomatic infarction or chronic ischemic changes.

Image processing
For each subject, the MTR was quantified as a percentage 
of  signal loss between the two images according to the 
following equation: MTR = (S0 - Ss)/S0 × 100%. S0 is 
the mean signal intensity of  a pixel obtained from the 
sequence using no saturation pulse, and SS is the mean 
signal intensity with the applied saturation pulse. Gray 
values in these secondary images represent MTR data, 
which yielded an MTR map.

Pixels that contained skull and soft tissue in the 
MTR maps were removed using the MRIcro-Software[14]. 
Images without skull and soft tissue pixels were used, 
since this has been reported to improve the validity of  
voxel-based evaluation of  brain imaging data[14]. 

The MTR maps that contained only brain pixels were 
normalized into a standardized space using statistical 
parametric mapping (SPM5) software[15]. An MTR 
template was generated to ensure reliable normalization. 
For this, the images of  all individuals were smoothed 
with a Gaussian kernel of  3 mm full width at half  
maximum, and normalized to the standard SPM EPI-
template (Montreal Neurological Institute). The mean of  
the 37 normalized images was used as an MTR template 
for the normalization of  each original MTR map. The 
default spatial normalization settings were applied. A 
Gaussian kernel of  3 mm full width at half  maximum 
was used for the smoothing of  the images. 

It has been reported that brain atrophy is present in 
cirrhosis patients[16] and that comparison of  atrophied 
and normal brains may lead to systematic errors[17]. To 
assess, whether atrophy interferes with voxel-based 
analysis in patients with liver cirrhosis, a test with binary 
images was performed. Binary images were generated 
from the normalized images of  all patients and controls 
using MRIcro-Software. Pixels that contained brain were 
given the value 1. Pixels that contained cerebrospinal 
fluid (CSF) were set to 0.

Statistical analysis 
Statistical mapping analysis has been applied in functional 
brain imaging [fMRI or positron emission tomography 
(PET)]. Recently, the method’s successful use has been 
demonstrated in diffusion-weighted imaging[18], fluid-
attenuated inversion-recovery imaging[19], perfusion-
weighted imaging[20] and MTI[21]. 

We conducted a voxel-based analysis using the 
statistical non-parametric mapping (SnPM5b) software[22] 
based on SPM5[15]. A non-parametric approach was 
chosen because uniform variance across the volumes 
was not given and group size did not permit parametric 
tests. SnPM uses a permutation approach to account 

for the multiple comparison problem in voxel-by-voxel 
evaluation. It does not make the assumptions derived 
from random field theory underlying the multiple 
comparison corrections used in SPM[22].

For all statistical models employed, a threshold of  P < 
0.001 was used to determine significance. Non-parametric 
testing was conducted with 10 000 random permutations 
when possible permutations exceeded this number. The 
anatomical localization of  the maximum statistics was 
determined by co-examination of  the SnPM (pseudo-)t 
map and the customized MTR template. The results are 
displayed as SnPM (pseudo-)t-map images superimposed 
on MTR maps of  representative subjects.

Based on the hypothesis that cirrhosis patients (no 
HE, mHE, HE 1 and HE 2) had lower MTR values than 
controls, two-sample, one-sided permutation tests were 
conducted. Subject age was included as a confounder 
in the group comparison tests. Correlation between the 
MTR maps and CFF was tested. The binary images were 
tested on the hypothesis of  a decreased brain volume in 
cirrhosis patients compared with controls.

RESULTS
MTR group comparisons
Compared with controls, cirrhosis patients without 
neurological deficits (no HE) displayed significantly 
decreased MTR values in the basal ganglia and in the 
hemispheric white matter (Table 2). The maximum 
statistics were located in the right putamen [(pseudo-) 
t = 4.60, P = 0.0004] (Figure 2). Statistics in the left 
putamen were (pseudo-)t = 2.65, P = 0.0006. In the group 
with mHE, a significant MTR decrease was found in 
hemispheric white matter, deep grey matter, brainstem 
and cerebellum. The cluster exhibiting the maximum 
statistics was in the right putamen (pseudo-)t = 8.57, P = 
0.0008. Contralateral statistics were [(pseudo-)t = 5.72, 
P = 0.0004]. 

The groups with overt HE showed an MTR decrease 
in the entire brain. In HE 1, the maximum statistics were 
detected in the left posterior white matter [(pseudo-)t = 
8.82, P = 0.0001]. The statistics of  the right posterior 
white matter were (pseudo-)t = 4.70, P = 0.0001. In 
HE 2, the maximum statistics were found in the left 
globus pallidus [(pseudo-)t = 17.98, P = 0.0001]. The 
statistics of  the right globus pallidus were (pseudo-)t = 
14.06, P = 0.0001.

Binary data comparison
The SnPM results showed significant differences in 
external and internal CSF space between cirrhosis patients 
and controls (Figure 3). Spatial extent and maximum 
(pseudo-)t was higher in the patients with overt HE.

Correlation of CFF and MTR
In the cirrhosis patients, a positive correlation between 
CFF and MTR was found in basal ganglia and in supra- 
and infratentorial white matter (Figures 4 and 5, Table 3). 
Largest statistics detected in a brain parenchyma cluster 
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were in the left frontal white matter: (pseudo-)t = 7.06, 
P = 0.0001. Contralateral frontal white matter statistics 
were (pseudo-)t = 4.11, P = 0.0004.

DISCUSSION
MTI is an application of  MRI that is used to assess non-
water components in tissue. As opposed to conventional 

MRI, which is designed to represent different relaxation 
times in different tissues, MTI uses the exchange of  
magnetic properties between two brain tissue compo-
nents: free water and macromolecules. Magnetization 
transfer takes place with and without physical exchange 
of  protons between these two components. The extent 
of  magnetization transfer is quantified using the ratio 
between two MR images. One image is acquired without 
and one with a high-frequency pulse that is designed to 
saturate the macromolecules. This results in a signal dif-
ference between the two images, as a result of  the trans-
fer of  magnetization from free water protons towards 
macromolecules. The index derived from the two images 
can be calculated pixelwise and is rendered as an MTR 
map[23]. Changes in both components can lead to abnor-
mal magnetization transfer. Depletion of  macromol-
ecules, a different macromolecule composition, as well 
as changes in brain water content may influence MTR. 

Abnormal magnetization transfer is a known patho-
logical feature in MRI of  HE[24]. It has been reported to 
increase with the severity of  HE. The present study pro-
vides a description of  the distribution of  these changes. 
In comparison to former studies that rely on simple ROI 
type analysis, a voxel-based approach was used to detect 
the localization of  magnetization transfer changes in 
HE.

Table 2  Patients with no HE, mHE, HE 1 and HE 2 compared to controls (SnPM two-sample t  test)

Cluster level     Voxel level   SPM coordinates (mm)

k P (FWE corrected) P (FDR corrected) (Pseudo-)t P (uncorrected) x y z

  209 966 0.4753 0.5034   4.60 0.0004 -53    18  38
Controls vs no HE 0.7301 0.5034   4.27 0.0019  32 -101 -14

0.8160 0.5034   4.14 0.0002 -27    17  55
2 652 240 0.0045 0.0140   8.57 0.0008   -8    54    1

Controls vs mHE 0.0090 0.0140   8.27 0.0008  37    18  32
0.0135 0.0140   7.72 0.0008 -19   -40  40

  288 720 0.0003 0.0034   8.82 0.0001 -38   -74    1
Controls vs HE 1 0.0010 0.0034   8.31 0.0001 -38   -59 -10

0.0017 0.0034   7.91 0.0001 -30   -26    1
  286 240 0.0001 0.0006 17.98 0.0001  22     -6   -6

Controls vs HE 2 0.0001 0.0005 14.33 0.0001 -19   -38  36
0.0001 0.0005 14.31 0.0001  18      2   -4

k: Number of voxels in significant clusters; FWE: Family-wise error; FDR: False discovery rate corrected and uncorrected; P and SnPM (pseudo-)t of most 
significant voxel clusters and their coordinates.

no HE        mHE         HE 1        HE 2

0         10

Figure 2  (Pseudo-)t-maps. 
MTR of patients with no 
HE, mHE, HE 1 and HE 2 
compared to controls. Axial 
views superimposed on 
MTR maps of representa-
tive subjects. Colored areas 
represent voxels with sig-
nificant decrease in MTR. 
Grey and white matter are 
involved. Local statistical 
maxima were found in basal 
ganglia and posterior white 
matter. 

no HE        mHE         HE 1        HE 2

0         10

Figure 3  (Pseudo-)t-maps. 
Binary data of patients with 
no HE, mHE, HE 1 and HE 2 
compared to controls. Axial 
views superimposed on the 
binary images of representa-
tive subjects showing differ-
ences in brain size. Colored 
areas represent voxels with 
significant differences. CSF 
space was increased in lat-
eral cerebral fissure; parietal, 
frontal and cerebellar gyration 
were prominent in overt HE.

0         10

Figure 4  (Pseudo-)t-maps (P < 0.001). Areas with a corre-
lation of subjects’ CFF and MTR. Axial views superimposed 
on the MTR map of a representative subject (mHE). Colored 
areas represent voxels with significant positive correlation 
between CFF and MTR. The maximum statistics of a brain 
parenchyma cluster were found in left frontal white matter.
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Spatial distribution of MTR abnormalities
MTR reduction in the brain of  patients with cirrhosis 
involved white and grey matter, the brainstem and the 
cerebellum. The MTR decrease was more severe in 
patients with overt HE. The area of  significantly reduced 
MTR was larger in patients with severe HE. 

These results go beyond the findings of  Iwasa et al[5], 
who have reported decreased MTR values in anatomically 
defined areas of  the brain (globus pallidus, putamen, 
thalamus, corona radiata and subcortical white matter) in 
37 cirrhosis patients with mHE, compared to controls. 
They also support and exceed the reports of  Córdoba  
et al[6], Rovira et al[7] and Balata et al[9], who have described a 
loss of  magnetization transfer effect in frontal and parietal 
white matter. In patients without overt HE, the maximum 
statistics were in the right basal ganglia. Patients with HE 
2 had a more severe loss of  MTR, which was localized 
bilaterally and symmetrically. 

The data suggest that encephalopathy in patients with 
liver cirrhosis is unlikely to be related to structural damage 
of  a specific area of  the brain. In the dysmetabolic 
situation that accompanies hepatic insufficiency, our data 
show a diffuse pattern of  brain involvement. 

Pathological MRI of  basal grey matter in HE has been 
described before the advent of  MTI. Hyperintensity in 
T1-weighted imaging in the globus pallidus of  patients 
with cirrhosis is a frequent finding[25]. Basal ganglia 
hyperintensity has been demonstrated to be reversible 
after successful liver transplantation[26]. Manganese 
deposition is a suggested condition to shorten T1 in 
the basal ganglia of  cirrhosis patients[3,27], and to be an 
additive factor to the extrapyramidal symptoms in these 
patients[28]. In the mouse brain, significant shortening 
of  T1 relaxation can be demonstrated after intravenous, 
intraperitoneal or subcutaneous administration of  
MnCl2[29]. In a quantitative T1-mapping study of  the brains 
of  patients with liver cirrhosis and HE, Shah et al[30] have 

reported T1-shortening for the globus pallidus, caudate 
nucleus, and posterior limb of  the internal capsule. They 
have discussed manganese deposition as a possible reason 
for their findings. No significant correlation between HE 
severity and T1 relaxation time could be found in the 
putamen, frontal white matter, white matter of  the corona 
radiata, white matter in the occipital lobe, the anterior 
limb of  the internal capsule, visual cortex, thalamus, or 
frontal cortex[30]. Patients with stage 1-2 primary biliary 
cirrhosis have been shown to exhibit a decrease in pallidal 
MTR (normalized to putamen), which correlates with 
blood manganese concentration[31]. 

In a study of  diffusion-weighted imaging, Lodi et al[32] 
have reported increased diffusivity in white matter and 
basal ganglia, which suggests the presence of  brain 
edema in chronic hepatic failure[32]. Increased diffusion 
in mHE and overt HE has been demonstrated to be 
reversible after successful treatment[33]. Both edema 
and manganese deposition may be explanations for the 
decrease in magnetization transfer effect.

White matter involvement in HE may be an effect 
of  disturbed blood flow and energy metabolism[9], 
demyelination[5], axonal loss[5], as well as an effect of  
astrocytic water retention[5-7,9,10]. The loss in magnetization 
transfer reflected in a decrease in MTR has been proposed 
to be associated with brain edema in neuropsychiatric 
systemic lupus erythematosus[34], multiple sclerosis[35] and 
traumatic brain injury[36]. In non-cirrhotic patients with 
portal vein thrombosis, decreased MTR values of  normal-
appearing white matter have been found, which has been 
interpreted as an increase in free brain water[37]. 

The presence of  white matter edema in chronic liver 
dysfunction is supported by the above findings of  Lodi 
et al[32] and Kale et al[33], who reported increased diffusivity 
in white matter areas and in the basal ganglia.

MR spectroscopy has established the presence of  a 
disturbed metabolic pattern in cirrhosis, which is considered 

Table 3  Correlation of MTR and CFF (SnPM t  test)

Cluster level    Voxel level    SPM coordinates (mm)

k P (FWE corrected) P (FDR corrected) (Pseudo-)t P (uncorrected) x y z

Controls vs no HE 280 567 0.0031 0.0137 7.06 0.0001 -34 18    8
0.0167 0.0137 6.26 0.0001 -53 18  38
0.0205 0.0137 6.19 0.0001 -54 35 -17

Figure 5  (Pseudo-)t results (P < 0.001). Voxel clusters with a correlation of subjects’ CFF and MTR. SnPM glass brain representation of voxel clusters with a positive correlation 
between CFF and MTR (sagittal, coronal and axial view). A significant correlation was seen in all lobes. 
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to represent a state of  minimal brain swelling[26,38,39]. 
Reversibility after successful liver transplantation has been 
suggested to be an indicator of  increased free cerebral 
water rather than structural damage[8]. 

The maximum statistics in the groups without overt 
HE were in the right putamen. In patients with HE 1 
and HE 2, the highest (pseudo-)t was located in the left 
hemisphere. In each of  the four groups, the correspond-
ing contralateral brain area exhibited strongly significant, 
yet slightly lower statistics. The limited group size and 
the lack of  information about the patients’ handedness 
hinder interpretation of  this finding. Unilateral brain 
involvement is unlikely under dysmetabolic conditions, 
with clinical symptoms of  lack of  awareness, construc-
tional apraxia, dyscalculia, personality change and asterix-
is. A non-focal alteration of  the dominant hemisphere 
might be expected to yield a stronger correlation with 
neuropsychological test results, than the same alteration 
of  the non-dominant hemisphere. Nevertheless, a struc-
turally higher susceptibility of  the dominant hemisphere 
to metabolic toxins might be worthy of  discussion. Fur-
ther studies will possibly be dedicated to this question.

MTI and CFF
CFF assesses neurological deficits in cirrhosis as a con-
tinuous parameter, rather than offering the six-tier grad-
uation used in the (revised) West-Haven criteria[40]. Since 
the test requires cooperation from the patients, its use in 
high-grade HE may be hindered. Patients suffering HE 
grade 3 and 4 were not enrolled in the present study. The 
CFF has been shown to be reliable in retest evaluation 
and responds rapidly to neurological deterioration or 
recovery[12]. Both parameters have been shown indepen-
dently to decrease with increasing severity of  HE[4-7,9,10,12]. 

In an fMRI study, Zafiris et al[41] have found impaired 
activation of  visual cortex and abnormal neuronal cou-
pling in cirrhosis patients with decreased CFF. Alzheim-
er-Ⅱ degeneration of  glial Muller cells and mild visual 
impairment is another proposed mechanism of  CFF 
decrease in HE[12]. 

A positive correlation was found between CFF and 
cerebral MTR. Our findings indicate that the MTR of  
large areas of  normal-appearing white matter and deep 
grey matter correlates with a decrease in CFF in patients 
with HE.

Brain atrophy in HE
SnPM group comparison of  the binary data sets showed 
prominent sulci, ventricles and lateral cerebral fissures as 
morphological correlations of  brain atrophy.

In normal aging, a linear decrease in brain volume is 
known[42]. Although there was no significant difference 
between the mean age of  patients (61.1 ± 12.4 years) 
and that of  the control subjects (55.7 ± 13.8 years) in 
the present study, subject age was included in the analysis 
as a confounding variable. The findings from these 
images point towards an effect of  cirrhosis on brain 
volume. Brain atrophy has been reported to be present 
in minimal and overt HE[27], which correlates with poor 
psychometric performance[16,43]. 

In voxel-based analysis following normalization, the 
comparison of  normal and atrophied brains may lead to 
tests, in which voxels with mainly brain parenchyma in 
controls are tested against voxels that contain predomi-
nantly CSF in patients. This may result in non-valid dif-
ferences. The topic of  using the same spatial normaliza-
tion algorithm for anatomically normal and atrophied 
brains has been addressed by Ishii et al[17]. Comparing 
SPM and NEUROSTAT normalization methods for 
the analysis of  PET images in Alzheimer’s disease, the 
authors have concluded that brains with atrophy tend to 
show artefacts caused by the anatomical standardization 
process. 

In an MRI and PET study of  schizophrenia, SPM 
results were deemed invalid because of  incorrect spatial 
normalization of  atrophied brains. This lead to an under-
estimation of  metabolic activity in the caudate nucleus in 
patients with schizophrenia[44].

The present work shows a correlation between MTR 
and CFF in intraventricular and superficial voxels. This 
may be attributed to unreliable normalization of  brains 
with atrophy in the patient group. Evaluating cortical or 
periventricular MTR values is limited by this effect. 

In conclusion, in the brains of  patients with non-
alcoholic liver cirrhosis, MTR loss is seen. It involves 
basal ganglia and white matter, even in mild stages of  
HE. The changes are more severe and spatially more 
extended in patients with HE. Maximum statistics were 
found in the basal ganglia in overt HE, compared to 
healthy controls. The correlation of  MTR and CFF is 
strongest in frontal white matter. Analyses of  cerebral 
MTI of  patients with liver cirrhosis might profit from 
inclusion of  both basal ganglia and frontal white matter. 

COMMENTS
Background
Hepatic encephalopathy (HE) is a frequent complication of liver cirrhosis and is 
associated with poor prognosis. Many studies have shown that magnetization 
transfer imaging (MTI) of the brain is sensitive to HE and subclinical forms 
of this condition [minimal HE (mHE)]. Treatment as well as induction of HE 
has been monitored successfully with MTI. Edema with water accumulation 
is a possible mechanism for MTI changes. Many brain areas have been 
investigated with MTI, but no systematic evaluation of the spatial pattern of MTI 
abnormalities in HE has been published.
Research frontiers
In the area of brain imaging in liver cirrhosis, the research hotspot is whether 
magnetic resonance imaging (MRI) can be used to detect HE early and to 
monitor its treatment. MTI is a MRI technique that is used to assess the 
interaction of free water protons and macromolecules. MTI is a promising 
research tool to assess minimal brain edema in HE.
Innovations and breakthroughs
In the previous application of MTI in HE, alterations have been reported for 
various brain areas such as the frontal and posterior white matter, basal ganglia 
and thalamus. More recent studies have demonstrated the sensitivity of MTI 
in mHE. These studies used simple region-of-interest (ROI) evaluations. The 
selection of ROIs was based on a priori assumptions from reports on white 
matter MRI anomalies and manganese deposits in the basal ganglia. To the 
best of the authors’ knowledge, no systematic assessment of the distribution 
of brain MTI changes has been published on which to base the selection of 
ROIs in the imaging of HE. In the present study, they performed a voxel-based 
analysis (VBA) of MTI data of patients with HE and showed that abnormal 
signals were present throughout the brain. No one specific area was present 
where MTI changes in manifest HE were exclusive.

 COMMENTS
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Applications
The study results suggest that MTI changes in HE are present throughout the 
brain. Test results in frontal and posterior white matter, thalamus and basal 
ganglia were statistically significant in cases with mHE, which might be areas 
that could be used as ROIs in monitoring HE by means of MTI.
Terminology
HE is a neurological condition with fatigue, sleeping disorders and motor deficits 
caused by liver cirrhosis. MTI is an MRI technique that is used to assess the 
interaction of free water protons and macromolecules, e.g. in mild brain edema. 
ROI is a means of evaluating MR images of the brain by measuring an image 
parameter in a defined area. VBA is a statistical evaluation of the entire brain MRI 
data of a study population.
Peer review
The manuscript entitled “Voxel-based analyses of magnetization transfer 
imaging of the brain in hepatic encephalopathy” is an interesting study that 
aimed to evaluate the spatial distribution of cerebral abnormalities in cirrhosis 
patients with and without HE found in MTI.
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Abstract
AIM: To develop a protocol for direct hepatic lineage 
differentiation from early developmental progenitors to 
a population of mature hepatocytes.

METHODS: Hepatic progenitor cells and then mature 
hepatocytes from mouse embryonic stem (ES) cells were 
obtained in a sequential manner, induced by valproic 
acid (VPA) and cytokines (hepatocyte growth factor, 
epidermal growth factor and insulin). Morphological 
changes of the differentiated cells were examined by 
phase-contrast microscopy and electron microscopy. 
Reverse transcription polymerase chain reaction and 
immunocytochemical analyses were used to evaluate 
the gene expression profiles of the VPA-induced hepatic 
progenitors and the hepatic progenitor-derived hepa-
tocytes. Glycogen storage, cytochrome P450 activity, 
transplantation assay, differentiation of bile duct-like 
structures and tumorigenic analyses were performed for 
the functional identification of the differentiated cells. 
Furthermore, FACS and electron microscopy were used 

for the analyses of cell cycle profile and apoptosis in 
VPA-induced hepatic differentiated cells.

RESULTS: Based on the combination of VPA and cy-
tokines, mouse ES cells differentiated into a uniform 
and homogeneous cell population of hepatic progenitor 
cells and then matured into functional hepatocytes. The 
progenitor population shared several characteristics 
with ES cells and hepatic stem/progenitor cells, and 
represented a novel progenitor cell between ES and 
hepatic oval cells in embryonic development. The dif-
ferentiated hepatocytes from progenitor cells shared 
typical characteristics with mature hepatocytes, 
including the patterns of gene expression, immunologi-
cal markers, in vitro  hepatocyte functions and in vivo  
capacity to restore acute-damaged liver function. In 
addition, the differentiation of hepatic progenitor cells 
from ES cells was accompanied by significant cell cycle 
arrest and selective survival of differentiating cells to-
wards hepatic lineages.

CONCLUSION: Hepatic cells of different developmental 
stages from early progenitors to matured hepatocytes 
can be acquired in the appropriate order based on 
sequential induction with VPA and cytokines.
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INTRODUCTION
Hepatocyte transplantation is an alternative therapy 
strategy for liver failure or end-stage liver diseases[1,2]. 
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However, the shortage of  donor hepatocytes and the 
difficulties for large scale hepatocyte amplification and 
function maintenance limit the clinical application of  
this cell-based therapy[3]. Embryonic stem (ES) cells, 
known for their capacity to proliferate indefinitely and 
differentiate into almost all types of  cells including 
hepatocytes, have raised the hope of  cellular replacement 
therapy for liver failure. The essential prerequisite for 
this purpose is to develop well-defined protocols for 
directing cellular differentiation into hepatic lineage, 
followed by selective isolation and proliferation in vitro. 
There have been several protocols available up till now 
for hepatic fate specification from ES cells, for example, 
the protocols based on spontaneous differentiation, 
combination of  growth factors, co-culture with non-
parenchymal liver cells and gene modifications [4-8]. 
However, most of  the protocols currently used were 
devised to induce mature hepatocytes by using embryoid 
bodies that may result in low yield or purity of  functional 
hepatocytes. Little documentation exists about a strategy 
for acquiring different developmental hepatic cells, for 
example, guiding differentiation of  ES cells to hepatic 
progenitors and then to an entire population of  mature 
hepatocytes to meet the requirements of  precise study 
regarding the mechanisms of  hepatic differentiation 
and potential clinical applications. Furthermore, more 
concise and reproducible methods to acquire abundant 
hepatic cells still remain to be developed, among which 
the direct hepatic differentiation from an ES monolayer 
without using embryoid bodies is most promising[9].

Valproic acid (VPA), a histone deacetylase (HDAC) 
inhibitor, has been used as a new class of  chemothera-
peutic drug for cancer clinical purposes and as an in-
ducer for stem cell differentiation[10-13]. It has exhibited 
profound therapeutic activity against hepatocellular car-
cinoma by inducing apoptosis and cell-cycle arrest[14-16], 
and dramatic effects on cellular differentiation from 
stem cells, including cardiomyocyte differentiation from 
ES cells, neuronal differentiation from neural stem cells, 
and osteogenic and hepatic differentiation from bone 
marrow-derived mesenchymal stem cells (MSC)[17-20]. In 
a previous study, we established a method for hepatic 
differentiation from MSC using VPA, which provided 
preliminary evidence that VPA could facilitate hepatic 
differentiation[21]. However, little is know about whether 
VPA can induce the hepatic differentiation of  ES cells. 
Here, we report such research and the development 
of  a protocol for direct hepatic lineage differentiation, 
from early developmental progenitors to a population of  
mature hepatocytes, based on sequential induction with 
VPA and cytokines. Results show that VPA can direct 
the hepatic specification of  ES cells and largely partici-
pates in the differentiation of  ES cells into hepatic pro-
genitors. Further differentiation of  hepatic progenitors 
into mature hepatocytes requires supplementation with 
cytokines. The present study may not only be helpful for 
the clinical application of  hepatocyte transplantation, 
but also provide an in vitro research model for the better 
investigation and understanding of  the entire develop-

mental process of  hepatocytes, from ES cells to hepatic 
progenitors, and then to mature hepatocytes. Further-
more, as VPA is an epigenetic modulator, so our results 
may also be of  benefit to the research of  mechanisms of  
epigenetic modifications during liver development.

MATERIALS AND METHODS
Reagents
VPA was purchased from Sigma (St Louis, MO); fetal 
bovine serum (FBS) was purchased from Hyclone 
(Rockville, MD); murine leukemia inhibitory factor (LIF) 
was purchased from Chemicon (Temecula, CA); mouse 
hepatocyte growth factor (mHGF), mouse epidermal 
growth factor (mEGF), oncostatin M (OSM), Insulin-
Transferrin-Selenium (ITS), and collagen Ⅰ were all 
from R&D systems (Minneapolis, MN); Matrigel was 
purchased from BD Biosciences (Palo Alto, CA); sheep 
anti-ALB antibodies were purchased from Biodesign 
(Saco, ME); rabbit anti-AFP, mouse anti-CK19 were 
from Dako (Copenhagen, Denmark); rat anti-OCT-4 was 
from R&D; mouse anti-SSEA-1 was from Developmental 
Hybridoma Bank of  Iowa University; goat anti-mouse 
DLK was from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA); rat anti-A6 was presented by Dr. Valentina 
Factor of  NIH; FITC-conjugated bovine anti-sheep 
IgG, FITC-conjugated rabbit anti-goat IgG, FITC-
conjugated goat anti-rabbit IgG, TRITC-conjugated goat 
anti-mouse IgG, TRITC-conjugated goat anti-rat IgG 
were all purchased from Dako; FITC-conjugated goat 
anti-mouse IgM was from Jackson Immunoresearch 
Laboratories Inc. All other reagents were from Sigma (St.
Louis, MO). 

Culture of mouse ES cells
Mouse ES D3 cells, provided by the Cell Biology 
Institute of  the Chinese Academy of  Sciences, were 
cultured on mitomycin C inactivated MEF feeder layers 
in high-glucose DMEM supplemented with 15% FBS, 
2 mmol/L L-Glu, 0.1 mmol/L N-ME, 1% NEAA 
and 10 ng/mL murine LIF as described previously[22]. 
Briefly, MEF feeder cells were isolated from ICR mice 
at embryo day 13.5 and cultured at 37℃ and 5% CO2. 
At approximately 80% confluence, the feeder cells 
were incubated with 10 μg/mL mitomycin C for 4 h 
and washed three times with PBS. Then the cells were 
replated at 8 × 104 cells/cm2 on to tissue culture flasks. 
After allowed for attachment overnight, the ES cells 
were seeded.

Differentiation of hepatic cells from mouse ES cells
A protocol was designed to obtain the hepatic progeni-
tor cells and then mature hepatocytes from mouse ES 
cells in a sequential manner (Figure 1). For differentia-
tion of  hepatic progenitor cells, ES cells were cultured in 
DME medium as described above with the exception of  
the withdrawal of  feeder layer and LIF, and treated with 
1 mmol/L VPA for 4-6 d, then the VPA was removed 
and recombinant mouse HGF 10 ng/mL was added for 
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another 6-12 d until the hepatic progenitor cells became 
confluent. For differentiation of  hepatocytes from he-
patic progenitor cells, the progenitor cells were cultured 
in a William’s E medium supplemented with 20 ng/mL 
mEGF, 10 ng/mL mHGF, 10-6 mol/L insulin, 10-7 mol/L 
Dex, 0.5 mmol/L ascorbic acid diphosphate, 10 mmol/L 
nicotinamide and 10% FBS (maturation medium Ⅰ) for 
6 d, and then replaced with another William’s E medium 
containing 1% ITS, 10 ng/mL OSM and 10-6 mol/L Dex 
(maturation medium Ⅱ) for another 6-12 d. 

Molecular and structural identification of the differentiated 
cells
Gene expression analyses: Total RNA was extracted 
from the ES cells, hepatic progenitor cells, mature hepa-
tocytes and adult mouse liver using Nucleospin RNA 
Kits (BD Biosciences, Palo Alto, CA). RNA samples 
were digested with DNase Ⅰ for 15 min at room tem-
perature. cDNAs were synthesized from 1 μg total RNA 
with a superscript Ⅲ first-strand synthesis kit (Invitrogen, 
Carlsbad, CA) according to the manufacturer’s instruc-
tions, and amplified with the following program: initial 
denaturation at 95℃ for 5 min followed by 30-40 cycles 
of  94℃ for 30 s, 50-56℃ for 30 s, 72℃ for 30 s and fi-
nal extension at 72℃ for 10 min. The amplified products 
were analyzed by electrophoresis on 1.5% agarose gel 
and stained with ethidium bromide. All the primers used 
are listed in Table 1.

Immunocytochemical analyses: Cells were fixed us-
ing 4% paraformaldehyde (PFA) followed by ice-cooled 

methanol, and incubated with primary antibodies over-
night at 4℃ after blocking with 5% normal goat serum. 
For the application of  SSEA-1 antigen, the cells were 
fixed with PFA only. Following washing with PBS three 
times, the cells were incubated with fluorescence-conju-
gated secondary antibodies, and examined under a Carl 
Zeiss confocol laser-scanning microscope.

Electron microscopy: Cells were fixed in 2.5% glutaral-
dehyde in 0.1 mmol/L phosphate buffer saline (pH 7.4) at 
4℃ for 24 h, post-fixed in 1% OsO4 for 1 h, and embed-
ded in Epon 812. They were cut into 30-40 nm sections 
for ultrastructural evaluation using a Philips TECNAL-10 
transmission electron microscope.

Functional identification of the differentiated cells
Glycogen storage: At the final stage of  differentiation, 
the cells were assessed by periodic acid-Schiff  reaction 
for glycogen storage as previously described[23]. Briefly, 
cells were fixed in Carnoy’s solution, oxidized in 1% 
periodic acid, treated with Schiff ’s reagent and examined 
under a Nikon microscope.

Cytochrome P450 activity: Cytochrome P450 activity was 
examined by ethoxyresorufin O-dealkylase assay. Briefly, 
cells were maintained under the same conditions in the 
presence or absence of  5 μmol/L phenobarbital for 24 h  
followed by treatment with 5 μmol/L ethoxyresorufin for 
2-3 h, and then observed under Carl Zeiss confocol laser-
scanning microscope at 355 nm excitation and 581 nm 
emission.
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Figure 1  Schematic presentation of the protocol. 
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Transplantation assay: To evaluate the in vivo function 
of  differentiated hepatocytes, a transplantation assay 
was performed in CCl4-intoxicated mice as previously 
described[24]. Five ICR mice were injected intraperitoneally 
with 10% CCl4 in olive oil (1 mL/kg body weight). 
After 6 h, mice underwent intrasplenic transplantation 
of  differentiated hepatocytes at 1 × 106 cells (0.1 mL 
of  1 × 107 cells/mL) per mouse. The injection site was 
ligated to prevent cell leakage and bleeding. Mice were 
then sacrificed 24 h after transplantation, and sera were 
collected separately. Liver function was assessed by 
measuring the total bilirubin (T-Bil), ALT, AST and urea 
levels. Ten CCl4-intoxicated and untreated mice were used 
as controls.

Differentiation of  bile duct-like structures: To evalu-
ate the differentiation potential of  progenitors into 
cholangiocytes, a spontaneous and directed bile duct-like 
structural differentiation assay was designed. For spon-
taneous differentiation, the progenitors were inoculated 
into the collagen Ⅰ coated 96-well plate, and cultured 
with William’s E medium supplemented with 10-6 mol/L 
Dex, 10 ng/mL mHGF for 20-40 d until the special bile 
duct-like structures appeared. For directed differentiation, 

the progenitors were seeded on a layer of  Matrigel base-
ment membrane matrix and cultured in the medium 
supplemented with 100 ng/mL mHGF and 50 ng/mL 
mEGF until the bile duct-like structures formed. Media 
were changed every 3 d.

Tumorigenic analyses: Undifferentiated ES cells and 
the hepatic progenitor cells were collected and suspended 
in DMEM medium (1 × 107 cells/mL). A 0.2 mL aliquot 
was injected subcutaneously into the backs of  Balb/C 
nude mice. Each experimental group contained three 
animals. The animals were kept under a controlled 
lighting schedule with a 12-h dark period. Food and water 
were available ad libitum. All animals received humane 
care in compliance with institutional guidelines. Mice 
were sacrificed 6-8 wk after transplantation, the tumors 
and tumor-like tissues were fixed with formalin. After 
additional fixation in 4% paraformaldehyde for 2 h at 4℃, 
tissues were embedded in paraffin. Sections were stained 
with hematoxylin and eosin, and then microscopically 
observed.

Cell cycle and apoptosis analyses
Flow cytometry was performed to measure cell cycle 
distribution and apoptosis of  VPA-treated cells. The 
measurements were made with a Becton Dickinson 
FACS Calibur machine, adapted for excitation with a 
488 nm argon laser, and 582/42 nm band-pass filter for 
detecting propidium iodide emission.

Statistical analysis
The data are presented as mean ± SD. Statistical tests 
for the significance of  differences between control and 
transplanted mice were performed by way of  Student’s 
t test. P < 0.05 was considered as statistically significant.

RESULTS
Differentiation of hepatic progenitors from mouse ES 
cells induced by VPA
To examine whether VPA has an effect on hepatic fate 
differentiation from mouse ES cells, the ES cultures 
were subjected to VPA (1 mmol/L) after withdrawing 
feeder layers and LIF. After treatment for 4-6 d, a small 
round-shaped progenitor-like population appeared. 
These cells were then treated with recombinant mouse 
HGF (10 ng/mL) which allowed the promotion of  cel-
lular proliferation. After another 6-12 d, this progenitor-
like population underwent rapid growth, and finally 
proliferated into confluence. The acquired progenitor-
like cells exhibited 8-10 μm in diameter, scant cytoplasm 
and a high nuclear to cytoplasmic ratio (Figure 2A), 
and resembled the blast-like oval cells proliferating 
during severe liver injury or the hepatoblasts found in 
fetal liver. Electron microscopic observation showed 
that the progenitor-like cells had abundant cell surface 
microvilli and shared scanty organelles except for a few 
mitochondria as in ES cells (Figure 2B and C). Notice-
ably, it was found that few mature functional hepatocytes 

Table 1  Primers and annealing temperatures used for RT-PCR

Gene Sequence (5'-3') Product 
size (bp)

Annealing 
temperature

(℃)

β-actin-F TTCCTTCTTGGGTATGGAAT 200 55
β-actin-R GAGCAATGATCTTGATCTTC
AFP-F CACTGCTGCAACTCTTCGTA 300 52
AFP-R CTTTGGACCCTCTTCTGTGA
HNF3β-F GACCTCTTCCCTTTCTACCG 551 51
HNF3β-R TTGAAGGCGTAATGGTGC
TTR-F TGCCTCGCTGGACTGGTAT 334 52
TTR-R CAGAGTCGTTGGCTGTGAA
DPPIV-F GATTCCATACCCAAAGGC 587 55
DPPIV-R GGTCACAACTAAGGCACT
ALB-F TCTTCGTCTCCGGCTCTG 475 55
ALB-R CTGGCAACTTCATGCAAA
OCT4-F GGCGTTCTCTTTGGAAAGGTGTTC 313 57
OCT4-R CTCGAACCACATCCTTCTCT
AAT-F AGAACCATTATCAGGCAGAA 675 55
AAT-R AATAAGGAACGGCTAGTAAGA
DLK-F GGGGTGACTTCCGTTGC 510 52
DLK-R GCTCCTCGCCGCTGTTAT
HNF4-F CTTCCAAGAGCTGCAGATTG 517 55
HNF4-R CTTGTAGGATTCAGATCCCG
G6P-F TCAATCTCCTCTGGGTGGC 602 52
G6P-R GGCAAAGGGTGTAGTGTCAAG
TAT-F CTTCAGTGCTGGATGTTCGC 619 55
TAT-R CAGGGATTGGACGGGTTGTT
TDO-F TAAACAGAGCCAGCAAAG 868 56
TDO-R ATGAGCGTGTCAATGTCC
BG-F CGTGAAGGATACGGGAGT 581 55
BG-R CAGAGTTATTGACGAGGC
GGT-F TGTCCCTGGTGAAATCCG 577 55
GGT-R GGCATAGGCAAACCGAAA

AFP: α-fetoprotein; HNF: Hepatocyte nuclear factor; TTR: Transthyretin; 
DPPIV: Cytokeratin 18; ALB: Albumin; OCT4: Octamer-4; AAT: α-1-
antitrypsin; Dlk: ∆-like (Pref-1, preadipocyte factor-1); G6p: Glucose-
6-phosphatase; TAT: Tyrosine aminotransferase; TDO: Tryptophan 
2,3-dioxygenase; BG: Biliary glycoprotein; GGT: γ-glutamyl transpeptidase.
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could be acquired by treating the ES cells with VPA 
independently, and further differentiation into mature 
hepatocytes needed the combination of  various cy-
tokines, which indicated that VPA probably participates 
mainly in the regulation of  early hepatic differentiation. 

Differentiation of hepatocytes from progenitors 
For maturation of  functional hepatocytes from hepatic 
progenitors, the progenitor cells were further cultured in 
William’s E medium (containing 10% FBS) supplemented 
with cytokines (EGF, HGF and insulin) and chemical 
inducers (Dex, ascorbic acid diphosphate and nicotina-
mide) for 6 d. Then, the cells were cultured in another 
medium containing ITS, OSM and Dex. After 6-12 d, two 
kinds of  hepatocyte-like cells appeared. One exhibited 
typical hepatocyte features with a diameter of  20-40 μm, 

flattened and cuboidal morphology, and had acquired 
abundant granules in the cytoplasm (Figure 2D and E). 
The other displayed a rising/piled morphology with dark 
cytoplasm and light nuclei, and bile canaliculi-like struc-
tures were often found between these cells (Figure 2F).  
Ultrastructural analyses revealed that both kinds of  he-
patocyte-like cells contained numerous mitochondria and 
endoplasmic reticulum (Figure 2G). Bile canaliculi were also 
observed between adjacent cells and sealed with tight junc-
tions (Figure 2H and I). These results showed that func-
tional hepatocytes could be acquired from VPA-induced 
progenitors under sequential induction combinations. 

Molecular identification of the hepatic lineage cells
To evaluate the characterization of  the VPA-induced 
hepatic progenitors and the hepatic progenitor-derived 
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Figure 2  Morphological observation of the differentiated cells. A: Morphology of hepatic progenitor cells induced by VPA; B: Electron microscopic observation of 
the undifferentiated ES cells (control); C: Electron microscopic observation of the hepatic progenitor cells differentiated from ES cells; D, E: Morphological observation 
of typical hepatocytes differentiated from hepatic progenitor cells with flattened and cuboidal morphology, and acquired abundant granules in the cytoplasm; F: 
Morphological observation of another kind of hepatocyte-like cells differentiated from hepatic progenitor cells with rising and piled morphology, dark cytoplasm 
and light nuclei, and bile canaliculi-like structures found between these cells; G: Electron microscopic observation of the differentiated hepatocytes with abundant 
mitochondria in their cytoplasm; H: Electron microscopic observation of the bile canaliculi between adjacent cells as mentioned above (Figure 1F); I: The bile canaliculi 
between adjacent cells sealed with tight junctions. 
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hepatocytes, a number of  gene expression profiles were 
examined at mRNA and/or protein levels. The results 
showed that the undifferentiated ES cells expressed 
SSEA-1 and OCT-4, but no hepatic markers (data not 
shown). However, the progenitor cells expressed most 
typical markers of  hepatic/hepatic stem cells, such as 
AFP, TTR, DPPIV, GGT, BG, HNF3β, CK19 and Dlk 
(Figure 3), but did not express the ES marker SSEA-1 
or mature hepatocyte marker ALB (data not shown). 
Interestingly, the progenitor cells expressed the ES cell 
marker OCT-4, which suggested that the VPA-induced 

hepatic progenitor cells may share partial properties of  
ES cells (Figure 3A and D). Accordingly, the hepatic 
progenitor-derived hepatocytes expressed typical markers 
of  mature liver cells, including ALB, AAT, HNF4, G6p, 
TAT, AFP, TTR, HNF3β and TDO (Figure 3B).

Functional characterization of the hepatic lineage cells
For functional evaluation of  the progenitor cells, the in vitro 
bi-differentiation potential of  the progenitors into bile 
duct-like structures and mature hepatocytes was deter-
mined. The results showed that bile duct-like structures 

AFP   TTR  HNF3β HNF4  AAT    ALB    G6P    TAT    TDOBOCT-4   TTR   DPPIV   GGT     BG     DLK    AFP   HNF3βA

F

EDC

KGI

HG

20 μm 20 μm 20 μm

20 μm20 μm20 μm

20 μm 20 μm20 μm

Figure 3  Gene expression analysis of VPA-induced hepatic lineage cells by RT-PCR and immunofluorescence staining. A: RT-PCR showed hepatic 
progenitor cells after the treatment with valproic acid expressing most typical markers of hepatic/hepatic stem cells; B: The hepatic progenitor-derived hepatocytes 
expressing typical markers of mature liver cells; C-E: Immunofluorescent images of AFP (C) and OCT-4 (D) staining in VPA-induced hepatic progenitor cells (E is the 
merged image of C and D); F-H: Immunofluorescent images of AFP (F) and CK19 (G) staining in VPA-induced hepatic progenitor cells (H is the merged image of F 
and G); I-K: Immunofluorescent images of AFP (I) and DLK (J) staining in VPA-induced hepatic progenitor cells (K is the merged image of I and J).
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could be formed from the progenitor cells in two ways. 
In the first way, the progenitor cells were cultured on 
collagen I coated dishes in the medium supplemented 
with 10-6 mol/L Dex and 10 ng/mL mHGF for about 
30 d until the foci of  small dark cells appeared, and these 
foci became organized and developed as doughnut-like 
structures identical to bile duct units (Figure 4A). In the 
second way, the progenitor cells were seeded on a layer 
of  Matrigel basement membrane matrix and cultured in 
the medium supplemented with 100 ng/mL mHGF and 
50 ng/mL mEGF as previously described. Many well-
defined duct-like structures comprised of  neatly aligned 
cells were found throughout the dish 1-2 d after inocu-
lation, which developed into spherical 3-dimensional 
structures consisting of  tightly packed columnar epithe-
lium along with a central lumen when further maintained 

for another 15 d (Figure 4C). Immunofluorescence 
analysis demonstrated that the structures were CK19-
positive (Figure 4B) and AFP-negative (data not shown), 
which are typical hallmarks seen in the bile duct. 

Accordingly, typical hepatocytes could also be attained 
from the progenitors as mentioned above. Functional 
characterization analyses showed that the differentiated 
hepatocytes could synthesize albumin (Figure 4D), store 
glycogen (Figure 4E) and possessed cytochrome P450 
activity (Figure 4F) after differentiation for 2-3 wk. Fur-
thermore, an in vivo transplantation assay of  hepatocytes 
in acute-injured liver was performed. The results showed 
that when the differentiated hepatocytes were trans-
planted 6 h after liver intoxication, serum T-Bil, serum 
ammonia, AST and ALT levels were significantly (P < 
0.05) improved towards normal levels compared to con-

Figure 4  Functional characterization of the hepatic lineage cells. A: Bile duct-like structures formed from the VPA-induced hepatic progenitor cells cultured on 
collagen Ⅰ coated dishes; B: Bile duct-like structures were stained CK19 positive; C: Bile duct-like structures formed from the VPA-induced hepatic progenitor cells 
cultured on Matrigel basement membrane matrix; D-F: Differentiated hepatocytes from hepatic progenitor cells could synthesize albumin (D), store glycogen (E) and 
possessed cytochrome P450 activity (F) after induction for 2-3 wk; G: When ES-HPCs derived hepatocytes were transplanted 6 h after liver intoxication, serum total 
bilirubin (TBIL), serum ammonia (UREA), AST and ALT levels were significantly improved towards normal at 1 d after the transplantation. aP < 0.05.
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trol mice without hepatocyte transplantation (Figure 4G), 
suggesting that the hepatocytes functioned normally in vivo 
and their transplantation improved the liver function of  
CCl4-treated mice.

Tumorigenic and in vivo differentiation potential analyses
To evaluate the in vivo oncogenicity and differentiation 
potential of  the progenitor cells, we introduced these 
cells and undifferentiated mES cells (as control) into 
Balb/c nude mice. Two weeks post-inoculation, the mice 
implanted with ES cells developed apparent teratomas 
at the injection site, while the mice with progenitor cells 
developed tumor-like bumps about 3-4 wk later. After 
the development of  6-8 wk, the teratomas and tumor-
like bumps were fixed and examined with HE staining. 
The teratomas derived from ES cells were composed of  
a variety of  types of  differentiated cells from all three 
primary germ layers including neuroectodermal cells, 
adipocytes, muscle and epithelium (Figure 5A-F). However, 
the tumor-like bumps derived from the progenitor cells 
contained only epithelial and mesenchymal-like cells, and 
duct-like structures surrounded by epithelial cells were also 
observed (Figure 5G-I). The results further confirmed that 

the progenitor cells have in vivo differentiation potential 
into hepatic lineages, and indicated the difference in in vivo 
potential between the undifferentiated ES cells and hepatic 
progenitor cells.

Cell cycle and apoptosis analyses of VPA-induced hepatic 
differentiation
To evaluate whether VPA had an effect on cell cycle 
profile, ES cells were exposed to 1 mmol/L VPA for 0, 
3, 6 d and cell cycle analyses were performed with FACS. 
Results indicated that exposure to VPA decreased the 
proportion of  cells in S phase and increased the G0/G1 
phase proportion. Approximately 75% of  the cells were 
arrested in the G0/G1 phase and only 10% of  the cells 
were in the S phase after 6 d of  treatment with VPA, 
whereas over 37% of  control ES cells were in the S phase 
(Figure 6A). These data indicated that VPA could reduce 
the proliferation of  ES cells and cause the inhibition of  
G1-S transition. In addition, DNA content analysis of  
the cells treated with VPA for 3 d showed that about 
28% of  the cells adopted apoptotic features (Figure 6B). 
Furthermore, the ultrastructural observations also showed 
that a considerable number of  cells presented typical 

Figure 5  In vivo multi-differentiation potential and tumorigenic analyses. A-F: The teratomas derived from ES cells were composed of a variety of types of 
differentiated cells from all three primary germ layers including secretory glands (B), muscle (C), epithelium (D), neuroectodermal cells (E) and cartilage (F); G-I: The 
tumor-like bumps derived from ES-HPCs contained only epithelial (H) and mesenchymal-like cells, and duct-like structures (I) surrounded by several epithelial cells 
were also observed. 
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Figure 6  VPA-induced cell cycle arrest and apoptosis during hepatic differentiation. A: Cell cycle analysis revealed that exposure to VPA decreased the 
proportion of cells in S phase and increased the proportion of cells in the G0/G1 phase. Approximately 75% of the cells were arrested in the G0/G1 phase and only 
10% of the cells in the S phase after 6 d of treatment with 1 mmol/L VPA, whereas greater than 37% of control ES cells were in the S phase; B: The analysis of 
apoptosis proportions during 3 d of treatment with VPA; C, D: Ultrastructural observations showed that some cells presented typical apoptotic morphology when 
treated with VPA for more than 5 d.
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apoptotic morphology after being treated with VPA for 
more than 5 d (Figure 6C and D).

DISCUSSION
To develop well-defined in vitro protocols for directing 
cellular differentiation into hepatic lineage has become 
critical for better investigating the mechanisms of  
hepatocyte differentiation, and for providing seed cells 
for hepatic tissue engineering as well as for clinical 
purposes. Most of  the protocols currently developed 
to induce the hepatic differentiation from ES cells were 
devised by using embryoid bodies. However, several 
disadvantages may exist in this method. For example, it 
is time-consuming to prepare the embryoid bodies, and 
hepatic differentiation through embryoid bodies may 
result in low yield and purity of  functional hepatocytes. 
Therefore, direct hepatic fate differentiation from an 
ES monolayer without using embryoid bodies is a most 
promising concept. A previous study has demonstrated 
that hepatocyte-like cells could be directly induced from 
human ES cells by using a combination of  cytokines, 
providing preliminary evidence of  the possibilities for 
this method[25]. However, the direct hepatic differentiation 
of  ES cells still remains a challenge and needs to be 
further developed. In the present study, we report a 
novel strategy for the direct hepatic fate differentiation 

of  ES cells, which allows hepatic differentiation from 
progenitor cells to functional hepatocytes, based on a 
combination of  VPA and cytokines. The results show 
this strategy has obvious advantages, such as being easy 
to operate, well reproducible and capable of  acquirement 
of  abundant and uniform progenitor cells and mature 
hepatocytes, the latter of  which are suitable for the 
large-scale requirements of  cell replacement therapy. 
Noticeably, following this strategy, we can harvest 
progenitor cells and mature hepatocytes in a sequential 
order. Thus, it may provide an in vitro research model 
which could meet the requirement of  precise study 
regarding the mechanisms of  hepatic differentiation at 
different developmental stages.

In addition, histone acetylation is considered to be one 
of  the most important epigenetic regulation processes 
involved in gene expression, which is largely controlled 
by HDAC inhibitors including VPA. The observation 
that VPA could induce hepatic progenitor differentiation 
from ES cells suggested that epigenetic regulation 
mediated by histone acetylation might play an important 
role in early hepatic development. Therefore, the VPA-
induced hepatic differentiation may also provide a model 
for the study of  early hepatic developmental events, 
such as the relationship between the initiation of  hepatic 
differentiation and epigenetic modification.

By FACS and ultrastructural analysis, it was found 
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that treatment of  ES cells with VPA significantly re-
duced the proportion of  the cells in the S phase and 
promoted the accumulation in the G0/G1 phase, which 
was accompanied by cellular apoptosis. This finding sug-
gests that cell cycle arrest and apoptosis are involved in 
the VPA-induced hepatic specification. Further study 
is needed to elucidate the exact molecular and cellular 
mechanisms underlying the VPA-induced hepatic cell 
fate determination from ES cells.

Several lines demonstrated that the VPA-induced 
progenitor cells possessed some distinctive characteristics 
distinguished from ES cells or traditionally identified 
hepatoblasts or hepatic oval cells. For example, the 
progenitor cells exhibited typical epithelial morphology 
when cultured in a collagen coated dish, while ES 
cells formed multilayer compact colonies. There were 
many condensed-stained heterochromatin areas in the 
nucleus of  ES cells, while the progenitor cells were 
almost all euchromatic. Also, the results of  an in vivo 
differentiation assay revealed that ES cells formed typical 
teratomas containing the structures of  three primary 
germ layers, while the progenitor cells formed tumor-
like bumps containing only epithelial and mesenchymal 
cells. Moreover, the acquired progenitor cells expressed 
a number of  typical markers of  hepatoblasts or oval 
cells, such as AFP, TTR, Foxa2, DPPIV, GGT and 
BG. Importantly, Dlk, a marker of  hepatic stem cells 
(hepatoblasts or hepatic oval cells) recently reported[26-28], 
was also expressed by the progenitor cells. However, 
investigation of  the hepatic oval cell marker, A6, was 
negative[29,30]. In addition, the progenitor cells expressed 
OCT-4, a marker of  multi-lineage stem/progenitor 
cells[31-33]. These data indicated that the acquired progenitor 
cells may represent a novel subset at a developmental stage 
between ES cells and the known hepatic stem/progenitor 
cells, suggesting that a novel progenitor population was 
involved in the VPA-induced hepatic differentiation. This 
finding will be of  benefit for understanding more about 
the early differentiation of  hepatocytes.

Importantly, mouse is an often-used model species 
for human disease, so the investigation of  hepatic 
differentiation of  mouse ES cells will be of  benefit for the 
better understanding of  mechanisms underlying human 
hepatic differentiation and the development involved. Our 
results also support the establishment of  new strategies 
to acquire human hepatic progenitor cells as well as 
hepatocytes, which will be helpful for the solution of  
obtaining cell sources for clinical cytotherapy.
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Abstract
AIM: To analyze the polygraphic sleep patterns during 
cirrhosis progression in a rat model by repeated CCl4 
administration. 

METHODS: Male Wistar rats received three weekly 
injections of CCl4 for 11 wk, and were analyzed before 
and during the induction of cirrhosis. Rats were im-
planted with electrodes to record their sleep patterns. 
Polygraph recordings were made weekly over 11 wk 
for 8 h, during the light period. After a basal recording, 
rats received three weekly injections of CCl4. Histologi-
cal confirmation of cirrhosis was performed after 11 wk.

RESULTS: The results showed a progressive decrease in 
total wake time that reached statistical significance from 
the second week of treatment. In addition, there was 
an increase in total time of slow wave sleep (SWS) Ⅱ  

and rapid eye movement sleep (REM sleep) in most 
of the 11 wk. SWS Ⅰ showed no significant variations. 
During the final weeks, a significant increase in REM 
sleep frequency was also observed. Histological analyses 
of the livers showed unequivocal signs of cirrhosis. 

CONCLUSION: These data suggest that hepatic failure 
produced by CCl4 administration is capable of modifying 
the sleep pattern even after only a few doses. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
The sleep-wakefulness cycle is an important circadian 
rhythm in mammals and is characterized by a reduction 
in the level of  consciousness and by specific metabolic 
activities. Sleep is controlled by multiple areas of  the 
brain and by several chemical factors, and can be readily 
modified by different activities, drugs, and pathological 
process, such as exercise, stress, alcoholism, depression, 
and metabolic diseases[1].

Cirrhosis, on the other hand, is an irreversible dys-
function of  the liver characterized by damage of  the 
parenchyma, alteration of  the reticular structure and 
the connective tissue that sustains the lobules and sinu-
soids[2]. Cirrhosis can progress to hepatic encephalopathy 
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and to coma[3], but even before these advanced stages, 
functional alterations of  several brain nuclei have been 
detected during early stages by magnetic transfer ratio, a 
magnetic resonance imaging technique[4]. Cirrhosis could 
also impact pulmonary function and might be involved 
in the development of  obstructive sleep apnea syndrome 
(OSAS) in patients with ascitis; however, the early stages 
have not been associated with OSAS[5]. In the advanced 
stages, cirrhotic patients show an increased frequency 
of  moderate obstructive sleep apnea[6]. In addition, cir-
rhotic patients with metabolic alterations frequently show 
abnormalities in electroencephalographic recordings[7]. 
Furthermore, patients with severe cirrhosis show a sig-
nificant increase in power potency associated with the 
theta frequency and a decrease associated with the α fre-
quency in the electroencephalogram (EEG)[8,9]. Recently, 
Mostacci et al[10] reported significant sleep alterations in 
178 patients with cirrhosis when compared to normal 
control subjects using questionnaires: the basic Nordic 
sleep and the Epworth Sleepiness Scale. They reported 
that patients with cirrhosis complained of  more daytime 
sleepiness, because they had fragmented nocturnal sleep 
caused by frequent nocturnal waking and had difficulties 
for falling asleep. 

Through questionnaires of  quality of  life, sleep dis-
turbances have been recognized as one of  the early signs 
in patients with cirrhosis and hepatic encephalopathy[11]. 
Sleep disturbances in cirrhosis has not been correlated 
with clinical parameters or with cognitive impairment. 
Cirrhotic subjects with unsatisfactory sleep show higher 
scores for depression and anxiety, raising the possibility 
that the effects of  these chronic emotional alterations 
might underlie the pathogenesis of  sleep disturbances. 
Moreover, cirrhotic patients show reduced sleep time, in-
creased latencies to sleep and frequent wakening. These al-
terations are not due to previously prescribed medications, 
but are related to abnormalities of  the circadian system[12].

From this evidence we can conclude that hepatic cir-
rhosis causes a series of  cerebral changes, which could 
modify several behaviors, such as sleep. Alterations of  
the sleep pattern as hepatic disease develops have not 
been reported. In addition, chronic administration of  
CCl4 in rats induces reactive free radicals that attack 
membrane components, culminating in cell death[13] and 
promoting fibrosis[14]. This is a reliable procedure to 
induce experimental hepatic cirrhosis. The aim of  this 
study was to analyze the sleep pattern in rats chronically 
treated with CCl4 as hepatic damage progresses. 

MATERIALS AND METHODS
Animals
Ten adult male Wistar rats (250-280 g) were used in 
this study. The animals were housed in a temperature-
controlled room (22℃) and under a 12:12 normal light-
dark cycle (light ON at 08:00 am). They were kept in 
individual clear polycarbonate cages with food and water 
available ad libitum. The experiments were performed 
following the guidelines of  the National Institutes of  

Health Guide for Care and Use of  Laboratory Animals 
(Publication No. 85-23, revised 1985). 

Sleep recording 
Under deep general anesthesia induced with a cocktail 
(ketamine: 3.75 mg/100 g, xylazine: 0.19 mg/100 g, and 
acepromazine: 0.038 mg/100 g ip), rats were chronically 
implanted with a standard set of  electrodes for sleep 
recording. Two stainless steel screw electrodes were 
implanted in the frontal and parietal cortex for the EEG 
and flexible wires were inserted in the neck muscles to 
record an electromyogram. 

CCl4 treatment
One week after surgery, and after 3 d of  habituation to 
the recording conditions, rats (n = 10) polygraph record-
ings were made to obtain their basal sleep parameters. 
Thereafter, animals received an intraperitoneal (ip) injec-
tion, three times a week, containing different dilutions of  
CCl4 and mineral oil, always in a total volume of  0.25 mL. 
Treatment lasted for 11 wk under the following pattern 
of  administration: in the first week the animals received 
a solution with one part of  CCl4 and six parts of  mineral 
oil (1:6). In the second week, the proportion of  the solu-
tion changed to 1:5. In the third week the proportion of  
the solution was 1:4. From week four to week eleven the 
proportion of  the solution was 1:3.

Polygraph recordings 
Polygraph recordings of  the rats were obtained for 8 h 
within the light period, once every week, with the Nihon-
Kohden model polygraph. Thus, sleep recordings were 
done before treatment and after every three injections. 
In addition to the polygraph recordings, rat behavior was 
observed during the recording period. The polygraph 
recordings were scored visually according to standard cri-
teria[15]. The frequency and the duration of  wakefulness, 
slow wave sleep (SWS) Ⅰ, SWS Ⅱ, and rapid eye move-
ment (REM) sleep were quantified.

Histological liver slices 
Half  of  the animals died during the treatment (Initial n = 
10; final n = 5). After sleep recordings, animals were killed 
by an overdose of  pentobarbital and their livers were 
removed for histological examination. Liver slices were 
stained with hematoxylin-eosin and their morphological 
characteristics were determined. 

Statistical analysis
All data were expressed as mean ± SD and analyzed 
by SPSS 11.0 software. Data were analyzed using an 
ANOVA for repeated measurements, followed by Fisher 
post hoc comparisons to detect significant differences 
between groups. P < 0.05 was considered statistically 
significant.

RESULTS
Sleep pattern
Treatment with CCl4 induced behavioral changes in all 
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rats, characterized mainly by a progressive decrease in 
locomotion. During the final 2 wk, four out of  the five 
surviving animals showed ascitis. Five of  the animals 
died before the end of  the 11-wk period, so the size 
of  the group decreased as the treatment progressed. 
Concerning sleep, CCl4 administration elicited a decrease 
of  wake time throughout the 11 wk of  treatment. 
The decrease was observed from the first week of  
treatment but only reached statistical significance from 
the second week. This decrease in wake time grew 
larger as the treatment progressed, and during weeks 10 
and 11, wake time was less than 50% of  pretreatment 
values (Figure 1A). Concerning SWS Ⅰ, no significant 
modifications were observed. However, SWS Ⅱ time 
showed a significant increase from the second week of  
treatment. The increase remained constant with only 
small variations during the 11 wk. Only during weeks 
six and seven did the increase did not reach statistical 
significance (Figure 1B). REM sleep showed a significant 
increase in the first week of  treatment (Figure 1C). 
However, REM sleep duration returned to control levels 
during the second and third weeks of  treatment and 
thereafter, there was a significant increase that lasted 
until week eleven. The increase of  REM sleep time 
was due mainly to the duration of  each period, because 
no significant increases in REM sleep frequency were 
observed during most of  the weeks. Only during weeks 
eight, ten, and eleven were there significant increases in 
REM sleep frequency (Figure 2).

Table 1 summarizes the data obtained concerning all 
the parameters recorded during pretreatment and during 
the 11 wk of  recording. 

Histological liver slices 
Histological examination revealed the effects of  chron-
ic CCl4 treatment on liver parenchyma. Figure 3 shows 
a sample of  a liver treated with CCl4. A normal liver 
can be observed in Figure 3A. In Figure 3B, the ef-
fects of  CCl4 treatment for 11 wk on liver histological 
features are shown. Clear indications of  cirrhosis were 
observed (fibrosis, lipidic vacuoles, pycnotic nuclei, and 
necrosis).

Table 1  CCl4 effect on sleep architecture for 11 wk of treatment (min) (mean ± SE)

Treatment Wake total 
time 

SWS Ⅰ total 
time

SWS Ⅱ 
total time

REM sleep 
total time

Duration of REM 
sleep epochs

Frequency of 
REM sleep

Latency of 
REM sleep

Latency 
of SWS

Control (n = 10)   169.03 ± 14.94 89.67 ± 9.21  174.82 ± 9.516 42.32 ± 5.47 2.16 ± 0.21     17.3 ± 1.315 48.84 ± 11.54 37.06 ± 6.78
1 wk (n = 10) 142.93 ± 9.21 109.69 ± 12.89  158.40 ± 13.32  67.64 ± 4.89b 2.95 ± 0.27      23 ± 2.27   69.7 ± 26.61 25.60 ± 6.05
2 wk (n = 10)  128.85 ± 9.74b 87.45 ± 8.45 213.62 ± 6.07a 49.52 ± 7.39 2.56 ± 0.14   17.7 ± 1.93 80.27 ± 19.98 26.57 ± 5.58
3 wk (n = 9)  133.40 ± 9.26a   74.36 ± 14.90   214.38 ± 18.94a 57.30 ± 5.44 2.44 ± 0.13 22.22 ± 1.98 51.45 ± 16.44 18.99 ± 4.43
4 wk (n = 9)    107.77 ± 11.07b   80.69 ± 10.27   225.89 ± 10.20b  58.60 ± 7.94a   2.44 ± 0.160 22.22 ± 2.17 63.80 ± 17.81 17.84 ± 3.41
5 wk (n = 9)    107.52 ± 12.58b   74.27 ± 13.55   232.54 ± 14.85b  67.24 ± 5.45b 2.70 ± 0.27 23.55 ± 1.74 73.67 ± 19.52 25.04 ± 4.98
6 wk (n = 7)    121.19 ± 11.64b 86.08 ± 8.86  208.17 ± 16.42  63.64 ± 3.37a 2.72 ± 0.26 22.42 ± 2.01 79.99 ± 18.22 17.58 ± 2.30
7 wk (n = 7)  126.87 ± 7.28b   93.07 ± 10.69    191.5 ± 13.90  61.47 ± 8.03a 2.31 ± 0.21 24.85 ± 3.47 71.49 ± 23.91 19.81 ± 4.54
8 wk (n = 7)      99.64 ± 12.18b 82.11 ± 8.89   230.48 ± 14.96b  66.93 ± 9.00b 1.96 ± 0.23  31.42 ± 2.17b 75.81 ± 11.97 18.08 ± 4.95
9 wk (n = 6)    120.06 ± 17.93b 78.53 ± 7.85   215.29 ± 16.85a  65.41 ± 3.90a 2.56 ± 0.40 24.33 ± 2.78 85.26 ± 32.18 20.03 ± 6.91
10 wk (n = 5)    82.03 ± 8.25b   66.91 ± 13.22   256.29 ± 22.37b  68.89 ± 3.72b 2.60 ± 0.50    26.6 ± 2.56b 60.46 ± 36.58 17.15 ± 7.64
11 wk (n = 5)      72.79 ± 11.77b   77.34 ± 17.61   257.84 ± 18.77b  71.28 ± 7.67b 2.63 ± 0.41    26.4 ± 2.56b 39.64 ± 10.70 17.24 ± 5.22

aP < 0.05, bP < 0.01 vs control. Repeated measure ANOVA.

Figure 1  Percentage of Wakefulness (A), SWS Ⅱ (B), and REM sleep (C) 
in weekly 8 h  sleep recordings during treatment with CCl4. Numbers at the 
top of the bars express the number of subjects. aP < 0.05, bP < 0.01 vs control. 
Repeated measurements were analyzed by ANOVA.
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DISCUSSION
The present results indicate that sleep-wake patterns 
changed as experimental cirrhosis progressed. REM sleep 
showed an acute response to the first administrations of  
CCl4. Wake and SWS Ⅱ time were significantly modified 
after 2 wk of  CCl4 treatment, and these effects showed 
a steady and slight increase during the following weeks. 
These results are consistent with previous reports showing 
that cirrhotic patients display a reduction in α activity and 
an increase in theta and delta activity[8]. 

Indirect tests, such as actigraphic recordings and 
questionnaires on sleep, have suggested that cirrhotic 
patients suffer from unsatisfactory sleep, mainly due to 
the reduction in the quality of  sleep, produced by several 
awakenings throughout the night[12]. However, Steindl 
et al[16] did not find differences in polysomnographic 
recordings of  cirrhotic patients compared to matched 
healthy controls. However, sleep diaries of  these patients 
indicated more frequent nocturnal awakenings and day-
time naps. Moreover, these researchers measured the lev-
els of  melatonin and found a significant increase during 
daytime, when melatonin is normally absent[16]. Recently, 
Velissaris et al[17] corroborated these results; they showed 
that melatonin circadian patterns were altered in cirrho-
sis patients without clinical encephalopathy. This disrup-
tion might reflect changes in the output of  the circadian 
pacemaker located in the suprachiasmatic nucleus of  the 
hypothalamus. It is possible that some of  the metabolic 
disturbances generated by cirrhosis might also alter the 
function of  this biological clock.

On the other hand, several diseases of  sleep have been 
reported, such as the OSAS. OSAS is a frequent disease 
that has been extensively studied. In patients with advanced 
liver cirrhosis, OSAS has been reported to be associated 
with changes in autonomic nervous activities[18].

Recent molecular studies have shown an increased 
expression of  genes associated with monoamine oxidase 
(MAO-A isoform) and nitric oxide synthase (nNOS 
isoform) in the brain of  cirrhotic patients[3]. Moreover, 
oligodendroglial nodules have been observed in the white 

matter associated with CCl4-induced liver failure[19,20]. In 
addition, in rats submitted to portacaval anastomosis 
and in patients with cirrhosis, alterations of  the circadian 
system have been noticed, especially in the rhythm of  
circadian locomotor activity and in the rhythm of  pineal 
melatonin release[1,21,22]. All of  these data can account for 
sleep effects observed in the present study.

Likewise, it has been shown that the activity of  the 
EEG can be modified by several substances, such as 
ammonium, a potent neurotoxic produced by cirrhotic 
patients[3,11,23,24]. This increase of  ammonium affects the 
homeostasis levels of  neurotransmitters and neuropeptides 
in plasma and in the brain. Thus, the levels of  dopamine, 
acetylcholine, glutamate, nitric oxide, and GABA are 
modified[24-26]. It is possible that, in the present study, the 
animals treated with CCl4 have several neurochemical 
alterations that could modify the levels of  different 
neurotransmitters. These changes, in addition to the 
alterations in the biological clock, can produce disturbances 
in some nuclei involved in the regulation of  sleep. Further 
research is needed to elucidate the precise mechanisms of  
the observed changes.
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Figure 2  Frequency of REM sleep bouts observed in weekly eight-hour 
sleep recordings during treatment with CCl4. Numbers at the top of the 
bars express the number of subjects. aP < 0.05, bP < 0.01 vs control. Repeated 
measurements were analyzed by ANOVA.

Figure 3  Effects of repeated administration of CCl4 on liver morphology 
in rats after 11 wk of CCl4 treatment. A: Normal aspect of an untreated liver. 
In a stain with HE, the typical sinusoidal (S) organization can be observed with 
lobules (L) surrounding the vessels (V). In a higher magnification, a normal 
hepatocyte (H) can be distinguished; B: The effects of CCl4. A fibrotic process 
(F) is evident, with hepatocytes grouped in nodules (N) containing vacuoles. 
In a higher magnification, the bold arrow indicates hepatocytes with lipidic 
vacuoles can be observed as well as cells with pycnotic nucleus (P) or in 
necrosis (triangle).
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COMMENTS
Background
Sleep disturbances have been described in patients with advanced cirrhosis. 
However, the development and mechanisms of these alterations are not known. 
In this study, the sleep pattern of rats submitted to experimental cirrhosis was 
analyzed as liver damage progressed. The results showed an early decrease 
of wake time and sustained increases of slow wave sleep (SWS) and later, of 
REM sleep. This data suggest that sleep alterations could be the warning signs 
of liver disease.
Research frontiers
This study adds information on the relationship between liver function and 
cerebral function. The mechanisms through which this reciprocal relationship 
works remain to be elucidated.
Innovations and breakthroughs
The animal model of liver cirrhosis induced by chronic administration of CCL4 
is a suitable model to analyze the relationship between liver failure and brain 
function disturbances. 
Applications
This study highlights the need for gastroenterologists to pay attention to sleep 
disturbances as early signs of liver failure.
Terminology
SWS and rapid eye movement sleep and the two major sleep stages in most 
animal species.
Peer review
The content of the article will be interesting not only for the gastroenterologists, 
but also for other specialists. Further investigations of mechanisms of sleep 
alterations might yield potentially efficacious approaches to its clinical 
management.
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Abstract
AIM: To evaluate the therapeutic role of caffeic acid 
phenethyl ester (CAPE) in a rat model of cerulean-
induced acute pancreatitis (AP).

METHODS: Seventy male Wistar albino rats were di-
vided into seven groups. Acute edematous pancreati-
tis was induced by subcutaneous cerulein injection 
(20 μg/kg) four times at 1-h intervals. CAPE (30 mg/kg) 
was given by subcutaneous injection at the beginning 
(CAPE 1 group) and 12 h after the last cerulein injec-
tion (CAPE 2 group). Serum amylase, lipase, white 
blood cell count, and tumor necrosis factor (TNF)-α 
levels were measured, and pancreatic histopathology 
was assessed. 

RESULTS: In the AP group, amylase and lipase levels 
were found to be elevated and the histopathological 
evaluation showed massive edema and inflammation of 
the pancreas, with less fatty necrosis when compared 
with sham and control groups. Amylase and lipase 
levels and edema formation decreased significantly in 
the CAPE therapy groups (P  < 0001); especially in the 
CAPE 2 group, edema was improved nearly completely 
(P = 0001). Inflammation and fatty necrosis were 
partially recovered by CAPE treatment. The pathological 

results and amylase level in the placebo groups were 
similar to those in the AP group. White blood cell count 
and TNF-α concentration was nearly the same in the 
CAPE and placebo groups.

CONCLUSION: CAPE may be useful agent in treatment 
of AP but more experimental and clinical studies are 
needed to support our observation of beneficial effects 
of CAPE before clinical usage of this agent.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is a process of  acute inflam-
mation in the pancreas, with variable involvement of  
regional tissues or organ systems. In most patients, acute 
necrotizing pancreatitis leads to remote organ failure, 
sepsis and a high death rate[1]. Pathophysiology of  AP 
is poorly understood, but interleukin (IL)-1, IL-6 and 
tumor necrosis factor (TNF)-α as pro-inflammatory 
cytokines, oxidative stress and microvascular ischemia 
are important factors[2-4]. In recent years, pathogenesis-
oriented treatments of  AP have gained importance. 
Therefore, new experimental studies have focused on 
pathophysiological mechanisms such as oxidative stress 
and inflammatory cytokines[5,6]. Propolis is a natural sub-
stance that is produced by honeybees from the gum of  
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various plants. It contains several chemical compounds 
such as polyphenolic compounds like flavonoids, cin-
namic acid derivates, various steroids, and amino ac-
ids[7,8]. Caffeic acid phenethyl ester (CAPE) is also a 
phenolic compound and an active substrate of  propolis. 
Several investigators have shown that CAPE has anti-
inflammatory activity by inhibiting the release of  ara-
chidonic acid from cell membranes, and suppressing 
cyclooxygenase (COX)-1 and COX-2 enzyme activity[9], 
antioxidant activity by lipoxygenase inhibition[10,11], and 
anti-proliferative, antimutagenic and antitumoral effects 
by inducing apoptosis in tumor cell lines[12]. In addition, 
CAPE is a potent and specific inhibitor of  nuclear fac-
tor (NF)-κB and inhibits the activation of  NF-κB that is 
induced by TNF-α and other inflammatory agents[13].

The aim of  this study was to investigate the thera-
peutic efficacy of  CAPE in the cerulean-induced acute 
edematous pancreatitis in rats. 

MATERIALS AND METHODS
Animals
Seventy male Wistar albino rats, weighing 250-320 g 
were used from the Physiology Laboratory of  Gaziantep 
University Medical School. The animals were housed 
under a 12-h light-dark cycle at a temperature of  24℃. 
Food was withdrawn 12 h before the experiment. All 
experiments were performed in accordance with the 
recommendations of  the national guidelines for the 
care and handling of  laboratory animals, and followed a 
protocol approved by the local animal ethics committee.

Experimental design
Acute edematous pancreatitis was induced by subcu-
taneous cerulein (Sigma, St Louis, MO, USA) injection 
(20 g/kg) four times at 1-h intervals[14]. Seventy male 
rats were divided into seven groups of  10. 

Group 1 (sham): nothing was applied to the sham 
group. Group 2 (control): 1 mL saline was given by 
subcutaneous injecting four times at 1-h intervals, but no 
medication was applied. Animals were killed 12 h after the 
last injection. Group 3 (AP group): AP was induced by 
subcutaneous cerulein injection (20 g/kg dissolved in 
1 mL saline) four times at 1-h intervals, but no medication 
was applied. Animals were killed 12 h after the last 
injection. Group 4 (CAPE 1) 30 mg/kg CAPE (Sigma) 
was given by subcutaneous injection at the beginning of  
the procedure, and at the same time, AP was induced 
by subcutaneous cerulein injection as described before. 
Group 5 (CAPE 2): AP was induced in the same way as 
described above, and CAPE (30 mg/kg) was given at 12 h 
after the last cerulein injection. Animals were killed 6 h 
after the CAPE injection. Group 6 (placebo 1): AP was 
induced by subcutaneous cerulein injection (20 μg/kg) 
four times at 1-h intervals, and 1 mL saline was given at 
the beginning of  the studies. Animals were killed 12 h after 
the last injection. Group 7 (placebo 2): AP was induced 
in the same way as described above, and 1 mL saline was 
given at 12 h after the last cerulein injection. Animals were 
killed 6 h after the saline injection. 

Assays of treatment efficacy
Under ketamine anesthesia, midline laparotomy was 
performed on all rats, except Groups 5 and 7, at 15 h 
(12 h after the last cerulein or saline injection). Groups 5 
and 7 were killed 6 h after CAPE injection (Group 5) 
or saline injection (Group 7). Shortly after the blood 
specimens were taken from the inferior vena cava, the 
whole pancreas was extracted quickly and the animals 
were sacrificed. Blood samples were centrifuged at 
3000 rpm for 10 min and the plasma was stored at -70℃ 
until assayed. White blood cell count, amylase, lipase and 
TNF-α concentrations were measured. Plasma TNF-α 
concentration was measured by immunoassay kit (Rat 
TNF-α immunoassay; R&D Systems Inc., Minneapolis, 
MN, USA), plasma amylase and lipase were measured 
by commercially available kits from Roche Diagnostics 
(Mannheim, Germany), using an enzymatic photometric 
method based on cleavage of  the substrate ethylidene-4-
nitrophenyl maltoheptaose. Results are expressed as U/L.

Histopathological scoring
Histopathological evaluation of  the pancreas was made 
in order to understand the extent of  the injury. Pancreatic 
tissue was fixed in formaldehyde solution and embedded in 
paraffin. Sections were stained with hematoxylin and eosin 
and were evaluated by light microscopy by two experienced 
pathologists who were blinded to the experimental 
treatment groups, according to the Schoenberg grading 
system[15] (Table 1). The tissues were scored using a scale 
for edema, neutrophil infiltration and fatty necrosis . 

Statistical analysis 
Results were given as mean ± SD. Comparisons between 
and among the groups were made using non-parametric 
test (Mann-Whitney U test) and one-way ANOVA. Data 
were evaluated statistically using SPSS for Windows 
version 10.0 (Chicago, IL, USA). P < 0.05 was taken as 
significant.

RESULTS
Serum amylase, lipase and TNF-α levels
Serum biochemical analysis of  amylase, lipase and 
TNF-α levels and pathological examination results are 
shown in Table 2. Serum amylase and lipase levels were 
significantly increased in the cerulean-induced AP group 

Table 1  Pathological grading system in experimental AP

Edema 0 No edema
1 Interlobular edema
2 Moderate interlobular edema + intra-acinar edema
3 Severe interlobular and intra-acinar edema

Inflammatory 
infiltration

0 No infiltration
1 Intravascular margination of granulocytes
2 Granulocytes present in the perivascular tissue
3 Diffuse infiltration of entire pancreatic gland

Fat necrosis   0 No necrosis
1 1-4 necrotic cells ( each microscopic area)
2 5-10 necrotic cells
3 11-16 necrotic cells
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when compared to the control and sham groups (P < 
0.001). Amylase and lipase levels decreased significantly 
in the CAPE treatment groups (P < 0001) but the levels 
were higher than those of  the control and sham groups. 
The levels of  amylase and lipase in the placebo groups 
were similar to those in the AP group (Figure 1A and B). 
There were no statistically significant differences in serum 
TNF-α and white blood cell count between the study 
groups (P > 0.05, Table 2).

Pathological examination
In the AP group, histopathological evaluation showed 
massive edema and inflammation of  the pancreas, with less 
fatty necrosis when compared with the control and sham 
groups. CAPE treatment significantly decreased edema 

formation, and the most striking finding was that edema 
was improved nearly completely in the CAPE 2 group (P = 
0001, Figure 2). Polymorphonuclear leukocytic infiltration 
was increased in the AP groups (P < 0.05, Figure 3A). In 
the therapy groups, inflammation was partially recovered. 
In the AP groups, fatty necrosis score was 0.30 ± 0.48. 
We observed grade 1 fatty necrosis in only three rats in 
the AP groups. Fatty necrosis was ameliorated in the 
CAPE treatment groups but this improvement was not 
statistically significantly (P > 0.05). The pathological results 
of  the placebo groups were similar to those in the AP 
groups. After CAPE treatment, the total pathological mean 
score was decreased significantly (P < 005) after CAPE 
treatment (Figure 3B).

DISCUSSION
Current therapeutic methods are usually insufficient for 
the treatment of  severe AP, despite the development of  
new diagnostic and therapeutic procedures. Therefore, 
recently, several experimental studies have focused on 
the pathogenesis of  AP. Several mechanisms, such as 
oxidative stress, COX-2 and inflammatory cytokines 
play an important role in the pathogenesis of  the dis-
ease[2-4,16]. CAPE is a phenolic antioxidant, which is an 
active component of  propolis. Previous investigators 
have demonstrated that CAPE has anti-inflammatory, 
antioxidant, anti-proliferative and antitumoral effects 
in vitro and in vivo[12]. In the light of  previous findings, 

Table 2  Biochemical, values and pathological scores in cerulein-induced AP (mean ± SD)

Groups TNF-α 
(pg/mL)

Amylase 
(U/L)

Lipase 
(U/L)

White blood 
cells

Edema Leukocytic 
infiltration

Total pathological 
score

Fat necrosis

Sham 65.14 ± 1.7 665.14 ± 54 14.41 ± 1.7   9279 ± 1867 0.00 0.00 0.00 0.00
Control 63.29 ± 3.8 630.20 ± 64 14.92 ± 1.7   8755 ± 1098 0.00 0.00 0.00 0.00
AP 63.83 ± 3.8         4752 ± 1328b    112.3 ± 34.8b   8574 ± 1437 2.50 ± 0.5 2.80 ± 0.42 8.00 0.30 ± 0.48
CAPE 1 61.55 ± 8.0       1400 ± 680d  22.92 ± 6.9d 8407 ± 418 1.50 ± 0.7 2.50 ± 0.52  4.00c 0.00
CAPE 2 60.52 ± 6.5       1084 ± 533d  18.65 ± 3.7d   8940 ± 2746  0.50 ± 0.5d 2.40 ± 0.51  3.00c 0.00
Placebo 1 62.38 ± 9.5      4516 ± 749   49.2 ± 5.3 9267 ± 927 2.30 ± 0.6 2.70 ± 0.48 8.00 0.30 ± 0.48
Placebo 2 61.56 ± 2.5      4219 ± 235 52.54 ± 4.8 8544 ± 895 2.20 ± 0.6 2.70 ± 0.48 8.00 0.30 ± 0.48

bP < 0.001 vs group 1 and 2; cP < 0.05, dP < 0.001 vs group 3. 
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we investigated the therapeutic role of  CAPE as a new 
agent for the treatment of  AP. 

TNF-α is a cytokine that plays a central role in the 
pathogenesis of  the disease[2]. TNF receptor antagonist 
observed a reduction in the severity and mortality of  
experimental pancreatitis[17]. Plasma half-life of  TNF-α 
is very short (14-18 min)[18], therefore, we studied TNF-α 
serum levels in rats, despite this kind of  measurement 
being difficult. We obtained serum at 15 h, and that is 
probably why the results were low in all groups.

Norman et al[19] have shown marked amelioration of  
pancreatic tissue damage and decreased serum amylase 
and lipase levels after treatment with IL-1 antagonist. 
Oxidative stress plays an important role in the patho-
physiology of  AP. For this reason, several studies have 
reported the therapeutic effect of  antioxidant agents. 
A previous study has disclosed that various antioxidant 
agents improve pancreatic edema in cerulean-induced 
pancreatitis, however antioxidants showed no improve-
ment in a sodium-taurocholate model of  pancreatitis in 
rats[20]. On the contrary, one recent study in a sodium-
taurocholate model of  pancreatitis in rats has shown that 
serum amylase and lipase, edema, leukocytic infiltration, 
parenchymal necrosis and hemorrhage were significantly 
decreased by N-acetylcysteine (NAC) treatment. In addi-
tion, in the NAC-treated rats, while serum nitrite/nitrate 
levels were significantly increased, serum concentration 
of  the lipid peroxidation product was significantly de-
creased. The beneficial effect of  NAC may result from 
its antioxidant activity and the production of  and/or 
inhibition of  degradation of  nitric oxide[5]. In a similar 

study, Vaquero et al[21] have demonstrated that treatment 
with NAC reduces neutrophil infiltration and mRNA 
expression for IL-6, cytokines and inducible nitric oxide 
synthase in pancreatic tissue, by inhibition of  NF-κB 
activity. In conclusion, NF-κB is a key regulator cytokine 
in induction and oxidative stress in AP. In experimental 
pancreatitis, the beneficial effect of  antioxidants can be 
explained by inhibition of  NF-κB activation. CAPE is 
a specific and potent inhibitor of  NF-κB and causes 
inhibition of  pro-inflammatory cytokine production[13]. 
Likewise, Fitzpatrick et al[22] have shown that CAPE 
(30 mg/kg) treatment significantly inhibits NF-κB, and 
colonic cytokines (TNF-α and IL-1β) are reduced in ex-
perimental colitis in rats. 

AP is associated with induction of  COX-2 expression. 
In cerulean-induced pancreatitis, Ethridge et al[16] have 
found that COX-2 gene expression is increased in 
pancreatic tissue. Although serum amylase and lipase 
are not reduced, the severity of  pancreatic necrosis and 
leukocytic inflammation are significantly decreased by 
treatment with NS-398 (a COX-2 inhibitor). It has been 
demonstrated that COX-2 gene expression, activity of  
COX-1 and COX-2 enzymes, and release of  arachidonic 
acid from cell membranes are inhibited by CAPE[9]. In 
light of  this, we investigated the beneficial efficacy of  
CAPE (which is an antioxidant and anti-inflammatory 
agent) on the experimental model of  cerulean-induced 
acute edematous pancreatitis in rats. As far as we know, 
there are no published data on the treatment effect of  
CAPE in experimental pancreatitis models. In the present 
study, we showed that CAPE ameliorated the harmful 
effects in a rat model of  cerulein-induced pancreatitis. 
Serum amylase and lipase levels were decreased by CAPE 
treatment. In addition, CAPE treatment significantly 
reduced edema and total pathological mean score. 
Inflammation and fatty necrosis score were improved but 
the improvement was not statistically significantly. 

There are several models of  experimental pancreatitis, 
such as the cerulein-induced and sodium-taurocholate 
models. Pancreatic injury is evenly distributed throughout 
the pancreas in the cerulein-induced models. The reason 
why we chose the cerulein-induced AP model was that 
this form of  pancreatitis is very similar to that in humans 
and it occurs within a short time[23]. This model is used 
widely to study potential agents for the treatment of  
AP[24]. In this model, pancreatic inflammation reaches 
the most severe stage at 12 h, which is why we ended the 
first part of  the study at 12 h after cerulein injection[25]. 

Secondly, we formed a CAPE 2 group to study the effect 
of  CAPE on the most severe stage of  pancreatitis at 
12 h. Here, our concern was to study the efficacy of  the 
treatment in severe pancreatitis, especially in the full-
blown situation. In fact, patients with AP often attend 
the hospital at an advanced stage, even sometimes with 
systemic complications. 

In conclusion, in the cerulein-induced model of  
experimental AP, an improvement in the biochemical and 
histopathological findings were observed in the CAPE 
treatment groups. CAPE decreased pancreatic tissue 
injury and this supports the hypothesis that antioxidant 

Figure 3  Histopathological features of cerulein induced AP group and 
after CAPE therapy. A: Severe edema and leukocytic infiltration of pancreas 
after cerulein-induced AP (HE, × 200); B: Decreased infiltration in pancreatic 
tissue after CAPE therapy (HE, × 200).

B

A

5184    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol     November 7, 2009     Volume 15    Number 41



www.wjgnet.com

and anti-inflammatory treatment is effective in AP. It 
is important that CAPE was effective in the CAPE 2 
group when AP had already occurred. This will enlighten 
the following phase 3 and phase 4 studies. Another 
important step will be to study the efficacy of  CAPE in 
experimental necrotizing pancreatitis. Nevertheless, more 
experimental and clinical studies are needed to support 
our observation of  the beneficial effects of  CAPE before 
clinical usage of  this agent.
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Abstract
AIM: To clarify the effectiveness of CO2 insufflation in 
potentially difficult colonoscopy cases, particularly in 
relation to the experience level of colonoscopists.

METHODS: One hundred twenty potentially difficult 
cases were included in this study, which involved 
females with a low body mass index and patients 
with earlier abdominal and/or pelvic open surgery 
or previously diagnosed left-side colon diverticulosis. 
Patients receiving colonoscopy examinations without 
sedation using a pediatric variable-stiffness colonoscope 
were divided into two groups based on either CO2 or 
standard air insufflation. Both insufflation procedures 
were also evaluated according to the experience level 
of the respective colonoscopists who were divided 
into an experienced colonoscopist (EC) group and a 
less experienced colonoscopist (LEC) group. Study 
measurements included a 100-mm visual analogue scale 
(VAS) for patient pain during and after colonoscopy 

examinations, in addition to insertion to the cecum and 
withdrawal times.

RESULTS: Examination times did not differ, however, 
VAS scores in the CO2 group were significantly better 
than in the air group (P  < 0.001, two-way ANOVA) 
from immediately after the procedure and up to 2 h 
later. There were no significant differences between 
either insufflation method in the EC group (P  = 
0.29), however, VAS scores for CO2 insufflation were 
significantly better than air insufflation in the LEC 
group (P  = 0.023) immediately after colonoscopies and 
up to 4 h afterwards.

CONCLUSION: CO2 insufflation reduced patient pain 
after colonoscopy in potentially difficult cases when 
performed by LECs.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Colonoscopy has a high profile because of  its increas-
ingly important role in successfully preventing, detecting 
and treating colorectal cancer[1,2], however, some patients 
experience considerable abdominal pain and discomfort 
when the procedure is performed using air insuffla-
tion. In particular, the so-called “difficult colonoscopy” 
cases[3-6], which involve female patients with a relatively 
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low body mass index (BMI), patients with a history of  
abdominal and/or pelvic open surgery and male patients 
with diverticulosis, often require prolonged insertion to 
the cecum, thus this procedure can cause increased ab-
dominal pain and discomfort for such patients.

Factors accounting for longer examination times 
and increased abdominal pain and discomfort can be 
derived from both a patient’s condition and the examining 
colonoscopist’s skill and experience[7-9]. Novice and even 
moderately skilled colonoscopists must improve their 
technical abilities by gaining experience in successfully 
handling difficult colonoscopies to become qualified 
experts, as a suitably high-level colonoscopy training 
environment has not been established as yet[10,11].

CO2 insufflation has been reported to reduce patient 
abdominal pain and discomfort during and after colo-
noscopies[12-15]. Although the safety and efficacy of  CO2 
insufflation during colonoscopies have been assessed in 
earlier studies, air insufflation is still the standard method 
due to a lack of  suitable equipment and inadequate in-
formation as to when and on whom CO2 insufflation 
should be used during colonoscopy examinations.

We decided to conduct a prospective randomized 
controlled trial to test the hypothesis that CO2 insuf-
flation reduces patient abdominal pain and discomfort 
during and after colonoscopy examinations in potentially 
difficult cases. 

MATERIALS AND METHODS
Study protocol
Consecutive patients considered potentially difficult 
cases for colonoscopic intubation were included in this 
prospective randomized controlled trial which took 
place between September 2006 and October 2007. The 
aim of  this study was to clarify the effectiveness of  CO2 
insufflation during colonoscopy examinations, with the 
primary objectives of  assessing both patient tolerance 
and the safety of  CO2 insufflation in these potentially 
difficult cases. A secondary objective was to clarify 
any differences between the two insufflation methods 
in relation to the experience level of  the participating 
colonoscopists. This study was approved by the Ethics 
Committee at Okayama University Hospital.

Patients
Patients considered potentially difficult colonoscopy 
cases, based on published information and clinical 
experience, were selected, and included females with a 
relatively low BMI (BMI < 22), patients with a history 
of  abdominal and/or pelvic open surgery, with the 
exception of  low risk procedures for adhesions such as 
appendectomy or hernia repair, and male patients with 
previously diagnosed left-side diverticulosis[3-6].

The indications for colonoscopy examination were 
the standard clinical criteria: colorectal cancer screen-
ing, surveillance for polyps, a positive fecal occult blood 
test, abdominal symptoms or anemia. Exclusion factors 
included severe heart or lung disease, a prior colorectal 

resection, inflammatory bowel disease, severe hemato-
chezia and repeat colonoscopy for therapeutic proce-
dures including polypectomy.

Written informed consent was obtained from each 
patient and enrolled patients were randomly divided into 
two groups for colonoscopy examinations using either 
CO2 or standard air insufflation. Group allocation for 
both patients and colonoscopists was performed by 
specially assigned nurses using standard randomization 
lists which contained consecutive patient numbers. Each 
number was linked to one of  the two study groups for 
allocation purposes. These lists were not accessible by 
the participating colonoscopists.

Colonoscopy using CO2 insufflation
Patients underwent bowel preparation with sodium pico-
sulfate the day before their examinations and two liters 
of  polyethylene glycol solution-containing lavage the 
morning of  their colonoscopies. Scopolamine butylbro-
mide (20 mg) was administered intramuscularly to sup-
press bowel movement, while patients with cardiac dis-
ease or benign prostatic hypertrophy received glucagon  
(1 IU) intramuscularly. Patients were not sedated, al-
though midazolam (2-3 mg, iv) was administered based 
on the examining colonoscopist’s judgment or when 
requested by the patient due to abdominal pain or dis-
tension. Examinations were performed using a pediatric 
variable-stiffness colonoscope (PVSC) with a distal tip 
diameter of  11.3 mm (PCF-Q260AI, Olympus Co, To-
kyo, Japan).

Procedures were randomly performed by eight 
colonoscopists who had earlier been divided into two 
groups according to their colonoscopy experience: four 
highly experienced colonoscopists (EC) group each of  
whom had been in colonoscopy practice for over 10 years  
(TU, JK, KT and SH), and four less experienced 
colonoscopists (LEC) group with 5-7 years of  colonoscopy 
practice during which each had performed 900-1500 
colonoscopies (MK, SI, KH and HF).

If  an examining colonoscopist from the LEC group 
failed to pass through the sigmoid-descending colon 
junction within 15 min or a patient complained of  
severe pain, a colonoscopist from the EC group replaced 
the initial examiner before midazolam was administered 
and continued insertion to the cecum. When such a 
case involved a colonoscopist from the EC group as the 
initial examiner, a more experienced member of  the EC 
group would continue the procedure. After reaching the 
cecum, the initial examiner proceeded with withdrawal 
of  the colonoscope.

A “complete colonoscopy” was defined as successful 
insertion to the cecum bottom or terminal ileum. 
Insertion to the cecum and withdrawal time was recorded 
for every colonoscopy.

CO2 insufflation and monitoring system
CO2 was administered using a commercial CO2 regulator 
(Gas Regulator, Crown, Model FR-IIS-P; Yutaka 
Engineering, Tokyo, Japan) connected to a CO2 bottle. 
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The regulator delivered CO2 at the rate of  2 L/min. CO2 
and air insufflations were used in a blind fashion both to 
patients and colonoscopists with full-day colonoscopy 
sessions randomly assigned CO2 or air insufflation to 
avoid unblinding caused by set-up changes between 
patients. 

CO2 partial pressure was continuously measured us-
ing a transcutaneous CO2 monitoring system (TOSCA 
500; Radiometer Basel AG, Switzerland). Processed 
transcutaneous CO2 readings (PtcCO2) correlate closely 
with directly obtained arterial blood gas results[16,17]. Sen-
sors were attached to a patient’s ear lobe with a monitor-
specific clip. A colonoscopy assistant recorded readings 
and an independent observer monitored gas readings to 
avoid potential serious side effects. CO2 insufflation was 
stopped immediately if  PtcCO2 registered > 60 mmHg 
during any colonoscopy examination.

Pain and discomfort measurement
A 100-mm visual analogue scale (VAS) consisting of  a 
horizontal line 100 mm in length was used for measuring 
patient abdominal pain and discomfort (0 mm = painless, 
100 mm = extremely painful)[18]. Patients recorded the 
pain level experienced upon reaching the cecum bottom, 
immediately following their examinations and 30 min, 1, 
2, 4 and 6 h afterwards. The VAS score was the distance 
measured to the nearest millimeter from the left end of  
the line to the point of  the patient’s mark.

Another member of  the medical staff, who did not 
know how the procedures were performed, interviewed 
the patients 30 min after completion of  their colonos-
copies. A questionnaire was then given to the patients to 
take home to complete as instructed at intervals of  1, 2, 
4 and 6 h and the completed forms were then mailed to 
the hospital the following day. The completed question-
naires were subsequently mailed to our medical office. 
No follow-up phone calls were made as 98% of  all ques-
tionnaires were promptly returned.

Statistical analysis
A preliminary pilot study was conducted to estimate the 
SD in pain measurements. With an assumed SD of  19 mm, 
the study sample size was calculated at 110 patients in 
order to have an 80% power with two-sided α levels of  
0.05 to detect any differences in VAS scores between 

the two insufflation groups (≥ 10 mm　was considered 
clinically important).

The outcomes for our secondary objective to clarify 
any differences between the two insufflation methods 
in relation to the experience level of  participating colo-
noscopists were analyzed on an intention-to-treat basis, 
given the fact that a number of  the initial examining 
colonoscopists were replaced during the insertion phase 
of  the procedure. Statistical comparisons were made 
using chi-square and Fisher’s exact tests. ANOVA was 
used for repeated measures statistical analysis of  pain. 
Some variables were not distributed normally, thus the 
Wilcoxon rank sum test was applied for supplementary 
analysis to compare groups at each measurement point. 
Statistical analyses were performed using Prism version 
5.0 (GraphPad Software, San Diego, CA, USA) and JMP 
version 6.3 (SAS Institute, Cary, NC, USA). A P value < 
0.05 was considered significant.

RESULTS
Baseline characteristics
A total of  130 patients were asked to participate and 120 
consenting patients were randomized into two groups 
prior to their colonoscopy examinations (Figure 1). Three 
poor bowel preparation patients were not included and 
one (0.85%, 1/117) incomplete intubation patient in the 
air insufflation group with a history of  abdominal and 
pelvic open surgery, whose examination was performed 
by an EC, was not submitted for consideration. Com-
pleted questionnaires were received from 98% of  the 116 
remaining patients, thus a final total of  114 patients (68% 
female/32% male) were analyzed in this study. Exactly 
half  or 57 patients were examined using CO2 insufflation 
and the other 57 patients were examined with air insuf-
flation. There were no significant differences in baseline 
patient characteristics including eligibility criteria for po-
tentially difficult cases between the two groups (Table 1). 

Outcome measures comparing CO2 and air insufflation 
groups
There were no significant differences in procedure times 
including intubation, withdrawal and total time between 
the two groups (Table 2). Midazolam was administered to 
two patients (4%) in each group. There were no instances 
of  PtcCO2 > 60 mmHg in the CO2 insufflation patients 
or any procedure-related complications in either group.

Figure 2 shows the mean VAS scores during and 
after colonoscopy examinations. VAS scores in the 
CO2 insufflation group were significantly better than 
those in the air insufflation group (P < 0.001, ANOVA 
for repeated measures). The overall mean difference 
was 5.3 mm (95% CI: 3.5-7.1, P < 0.001). Comparison 
by nonparametric analysis at each measurement point 
produced results favoring CO2 insufflation immediately 
following the examinations and up to 2 h afterwards. The 
maximum mean difference of  9.2 mm (95% CI: 0.4-18.0, 
P = 0.0049) was recorded 30 min after the examinations.

Assessed for eligibility
(n  = 130)

Randomized
(n  = 120)

CO2 insufflation
(n  = 57)

Air insufflation
(n  = 57)

Exclusion (n  = 6)
   Poor bowel preparation (n  = 3)
   Incomplete colonoscopy (n  = 1)
   Incomplete questionnaire (n  = 2)

Refusal (n  = 10)

Figure 1  Patient flow chart.
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Subgroup analysis
Based on the subgroup analysis relative to experience 
level of  the participating colonoscopists, we evaluated 
53 patients (46%) in the EC group and 61 patients (54%) 
in the LEC group. There were no significant differences 
in eligibility criteria for potentially difficult cases between 
the two groups, however, the EC group achieved insertion 
to the cecum significantly faster, while withdrawal and 
total procedure times were also significantly shorter 
than those in the LEC group (Table 3). The number of  
replacements by another colonoscopist was larger in the 
LEC group (5) than in the EC group (1), however, there 
was no significant difference between the two groups.

Figure 3 shows the mean VAS scores for 27 CO2 
insufflation patients and 26 air insufflation patients during 
and following colonoscopy examinations performed by 
the EC group. There were no significant differences in 
the mean VAS scores between the two patient groups  

(P = 0.29, ANOVA for repeated measures). A comparison 
of  the two patient groups at each measurement point 
also revealed no significant differences. The maximum 
mean difference of  6.5 mm (95% CI: -3.7-16.6, P = 0.207) 
occurred 30 min after the examinations.

In the LEC group, 30 CO2 insufflation patients were 
evaluated along with 31 air insufflation patients. The 
mean VAS scores in the CO2 insufflation group were 
significantly better than those in the air insufflation 
group (P = 0.023, ANOVA for repeated measures) 
(Figure 4). The overall mean difference was 7.5 mm 
(95% CI: 4.9-10.0, P < 0.001). A comparison of  the two 
groups by nonparametric analysis at each measurement 
point produced results favoring CO2 insufflation from 
immediately after the examinations up to 4 h later 
with the maximum mean difference of  11.6 mm (95% 
CI: 3.4-19.8, P = 0.006) occurring 30 min after the 
examinations.

DISCUSSION
The increase in patient abdominal pain and discomfort 

Table 1  Patient characteristics (n  = 114)  n  (%)

CO2 group 
(n  = 57)

Air group 
(n  = 57)

P  value

Median age, yr (IQR) 65 (59-73) 62 (47-71)   0.107
Females 39 (68) 38 (67) 1.00 
Eligibility criteria for difficult 
cases1

   Females with relatively low 
   BMI (< 22)

35 (61) 36 (63)   0.133

   Previous abdominal and/or 
   pelvic open surgery

41 (72) 37 (65)   0.546

   Males with previously diagnosed 
   left-side diverticulosis

  6 (11) 2 (4)   0.271

One or more previous 
colonoscopies

16 (28) 15 (26) 1.00

1Some patients had more than one difficult case factor. IQR: Interquartile 
range; BMI: Body mass index.

Table 2  Use of antispasmodic drugs & median procedure 
times for CO2 & air insufflation groups

CO2 group 
(n  = 57)

Air group 
(n  = 57)

P  value

Patients receiving 
antispasmodic drug (%)

54 (95) 56 (98) 0.616

Median total procedure 
time, min (IQR)

22.5 (17.9-29.6)   22.3 (16.3-43.9) 0.734

   Insertion to cecum  10.3 (6.5-16.6)   9.6 (5.8-16.2) 0.601
   Withdrawal 11.9 (10.1-13.6) 12.0 (9.8-14.2) 0.986

Table 3  Median procedure times for colonoscopist groups

EC group 
(n  = 53)

LEC group 
(n  = 61)

P  value

Median total procedure 
time, min (IQR)

19.5 (15.3-25.8)   23.8 (19.2-34.5) 0.005

   Insertion to cecum 7.7 (5.1-13.2) 12.5 (7.0-18.9) 0.036
   Withdrawal 10.9 (10.0-13.0)   12.5 (10.2-15.1) 0.003
Examiner replaced 
during intubation

1 5 0.213

EC: Experienced colonoscopist; LEC: Less experienced colonoscopist.
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Figure 2  Mean VAS scores at corresponding measurement points during 
and after colonoscopy examinations in CO2 and air insufflation groups. 
VAS scores for CO2 insufflation were significantly better than those for air 
insufflation (dP < 0.001, ANOVA for repeated measures). aP < 0.05, bP < 0.01 
vs the CO2 group at each measurement point by Wilcoxon rank sum test. VAS: 
Visual analogue scale.
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Figure 3  Mean VAS scores at corresponding measurement points during 
and after colonoscopy examinations for experienced colonoscopists (EC 
group) in CO2 and air insufflation groups. There were no significant differences 
in VAS scores between the two insufflation groups for EC group (P = 0.29, 
ANOVA for repeated measures).

Uraoka T et al . CO2 insufflation for difficult colonoscopies                                                                             5189



www.wjgnet.com

often encountered in difficult colonoscopy examination 
cases is a concern that needs to be satisfactorily resolved 
by colonoscopists. In this study, we successfully demon-
strated the clinical effectiveness of  CO2 insufflation in 
potentially difficult colonoscopy examination cases. We 
also clarified the efficacy of  CO2 insufflation for LECs 
compared to highly ECs.

CO2 with its characteristic rapid rate of  absorption 
into surrounding tissue has been reported to be more 
suitable than atmospheric air in various clinical set-
tings[12-15]. In fact, several randomized trials have shown 
that CO2 insufflation reduced post-colonoscopy ab-
dominal pain and discomfort compared to conventional 
air insufflation in ambulatory settings. Bretthauer et al[15] 
demonstrated that CO2 insufflation was not only effec-
tive, but also safe during colonoscopies in patients receiv-
ing conscious sedation. Saito et al[19] introduced the use of  
CO2 insufflation during lengthier colorectal endoscopic 
submucosal dissections in patients receiving conscious se-
dation. Their results demonstrated the effectiveness and 
safety of  CO2 insufflation as well as a resultant reduction 
in total dosage of  midazolam. CO2 insufflation has also 
been applied in endoscopic retrograde cholangiopancrea-
tography (ERCP)[20] and endoscopic dilatation therapy us-
ing a double balloon endoscope[21]. There have been few 
detailed investigative reports on the use of  CO2 insuffla-
tion during difficult colonoscopy cases. In addition, the 
effect of  the relative experience of  colonoscopists using 
CO2 insufflation has not been previously analyzed.

This study validated our theory that CO2 insufflation is 
more effective than air insufflation in potentially difficult 
colonoscopy cases with the comparative difference 
for the two procedures being particularly discernable 
between LECs and ECs. Colonoscopy is a technically 
demanding procedure requiring considerable instruction 
and on-the-job experience for optimal performance. A 
suitable training program and sufficient opportunities to 
improve practical skills in a clinical setting are essential 
for beginners as well as colonoscopists with a moderate 
degree of  experience[10,11,22].

Difficult colonoscopy examinations performed by 
LECs require additional time as do ERCP and thera-
peutic endoscopic procedures, and can cause patient ab-
dominal pain and discomfort both during the procedure 
and afterwards. The results of  our study demonstrated a 
difference not only in intubation times, but also in with-
drawal and overall examination times according to the 
experience of  the participating colonoscopists. Avoiding 
prolonged insufflation especially during insertion, how-
ever, might have led to similar results in the LEC group 
concerning the clinical effectiveness of  CO2 in reducing 
patient pain and discomfort.

Lee et al[8] recommended that trainees perform over 
150 examinations in a colonoscopy training program to 
be technically competent for diagnostic colonoscopy. Our 
results revealed significant differences in examination 
times and patient abdominal pain and discomfort after 
colonoscopy between the EC and LEC groups. The four 
colonoscopists in the LEC group had each performed 
a minimum of  900 colonoscopies, thus the question 
arises as to whether a minimum of  150 cases referred to 
in the report by Lee above, is sufficient for conducting 
examinations in potentially difficult colonoscopy cases.

A recent study in Ontario, Canada analyzed factors 
associated with incomplete colonoscopies based on the 
following settings: an academic hospital, a community 
hospital and private medical offices. The incomplete 
colonoscopy rate was highest in private offices with an 
odds ratio increase of  more than three-fold[3], thus intro-
ducing CO2 insufflation may be particularly useful in re-
ducing patient complaints in non-hospital environments. 
We refrained from using novice colonoscopists in this 
study because of  the formidable nature of  potentially 
difficult colonoscopy cases. Such novices should only 
conduct difficult colonoscopies after gaining the neces-
sary experience performing routine colonoscopy exami-
nations.

A number of  techniques and devices have reportedly 
been effective in reducing patient abdominal pain and 
discomfort during difficult colonoscopies, improving 
the rate of  successful insertion to the cecum, shortening 
insertion time to the cecum and reducing the dosage of  
sedatives[23] including the use of  a pediatric colonoscope[24], 
variable stiffness colonoscope[25], gastroscope[26], double 
balloon endoscope[27] and hood attached to the top of  the 
colonoscope[28]. A PVSC featuring both variable stiffness 
on demand and a thin diameter was used in our trial. 
Previously, this instrument was shown not to be superior 
to adult or standard pediatric colonoscopes[29-32]. However, 
there have been reports that use of  the PVSC made it 
possible to complete colonoscopies that would have been 
much more difficult or impossible to perform using an 
adult colonoscope, including patients who had undergone 
hysterectomies[31] and patients with diverticular disease 
and severe stenosis[32].

There was only one case (0.85%) of  incomplete in-
sertion to the cecum in our study and just four (3.5%) 
patients required sedation. Complete screening colonos-
copy without sedation or with on-demand sedation in 
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(LEC group) in CO2 and air insufflation groups. VAS scores for CO2 
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academic medical centers has been reported to be in the 
88%-99% range[33-36], with the optimum intubation rate 
obtained using a PVSC. In this study, the PVSC more 
than likely contributed to the impressive successful intu-
bation rates and reduction in pain during insertion to the 
cecum achieved in both groups, as well as the favorable 
intubation times for each group. In several studies per-
formed by ECs at academic medical centers, insertion to 
the cecum times varied between 7-13 min for colonos-
copies performed without sedation or with on-demand 
sedation[33-36]. Our median intubation times of  7.7 and 
12.5 min for ECs and LECs, respectively, were in line 
with these earlier reports.

In conclusion, we clearly demonstrated the clinical 
effectiveness of  CO2 insufflation in potentially difficult 
colonoscopy examination cases performed without 
sedation. We also successfully clarified the efficacy of  
CO2 insufflation for LECs. 

COMMENTS
Background
Colonoscopy is the preferred method for preventing, detecting and treating 
colorectal cancer, however, prolonged cecal intubation can cause increased 
patient abdominal pain and discomfort especially in difficult cases, such as 
female patients with a relatively low body mass index, patients with a history 
of abdominal and/or pelvic open surgery and male patients with diverticulosis. 
CO2 with its rapid rate of absorption has been reported to be more suitable than 
atmospheric air as an insufflation agent in various clinical settings, although air 
insufflation is still the standard method due to a lack of suitable equipment and 
inadequate information as to when and on whom CO2 insufflation should be 
used during colonoscopy examinations.
Research frontiers
This prospective randomized controlled study was conducted to clarify the 
effectiveness of CO2 insufflation in potentially difficult cases, particularly in 
relation to colonoscopist experience level.
Innovations and breakthroughs
The clinical effectiveness of CO2 insufflation was clearly demonstrated in 
potentially difficult colonoscopy examination cases performed without sedation. 
The procedure that was followed also clarified the efficacy of CO2 insufflation 
for less experienced colonoscopists (LEC) particularly in comparison to more 
experienced colonoscopists.
Applications
The use of CO2 insufflation can be incorporated into existing and future 
colonoscopy training programs in order to further improve the technical skills of 
colonoscopists.
Peer review
The authors successfully demonstrated that CO2 insufflation with its rapid rate 
of CO2 absorption and improved efficacy reduced patient pain in potentially 
difficult cases particularly when colonoscopy examinations were performed by 
LECs.
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Abstract
AIM: To elucidate the possible crosstalk between 
angiogenesis, cytokeratin-18 (CK-18), and insulin 
resistance (IR) especially in patients with non-alcoholic 
steatohepatitis (NASH).

METHODS: Twenty-eight patients with NASH and 11 
with simple fatty liver disease (FL) were enrolled in this 
study and underwent clinicopathological examination. 
The measures of angiogenesis, CK-18, and IR em-
ployed were CD34-immunopositive vessels, CK-18-
immunopositive cells, and homeostasis model assess-
ment of IR (HOMA-IR), respectively. The correlations 
of these factors with NASH were elucidated.

RESULTS: Significant development of hepatic neo-
vascularization was observed only in NASH, whereas 
almost no neovascularization could be observed in FL 
and healthy liver. The degree of angiogenesis was al-
most parallel to liver fibrosis development, and both 
parameters were positively correlated. Similarly, CK-18 

expression and HOMA-R were significantly increased in 
NASH as compared with FL and healthy liver. Further-
more, CK-18 and HOMA-IR were also positively corre-
lated with the degree of neovascularization. 

CONCLUSION: These results indicate that the crosstalk 
between angiogenesis, CK-18, and IR may play an 
important role in the onset and progression of NASH.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Angiogenesis; Cytokeratin-18; Fatty liver; 
Insulin resistance; Non-alcoholic steatohepatitis; Liver 
fibrosis

Peer reviewers: Osman C Ozdogan, Associate Professor, 
Department of Gastroenterology, Liver Unit, Marmara University 
School of Medicine, Istanbul 34662, Turkey; Dr. Valentina 
Medici, University of California Davis, 4150 V Street, Suite 
3500, Sacramento, 95814, United States

Kitade M, Yoshiji H, Noguchi R, Ikenaka Y, Kaji K, Shirai 
Y, Yamazaki M, Uemura M, Yamao J, Fujimoto M, Mitoro 
A, Toyohara M, Sawai M, Yoshida M, Morioka C, Tsujimoto 
T, Kawaratani H, Fukui H. Crosstalk between angiogenesis, 
cytokeratin-18, and insulin resistance in the progression of 
non-alcoholic steatohepatitis. World J Gastroenterol 2009; 
15(41): 5193-5199  Available from: URL: http://www.wjgnet.
com/1007-9327/15/5193.asp  DOI: http://dx.doi.org/10.3748/
wjg.15.5193

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) ranges from 
simple steatosis to cirrhosis. Fatty liver (FL) has been 
recognized as a benign and non-progressive condition[1,2]. 
However, non-alcoholic steatohepatitis (NASH) is now 
widely known as a liver disease which may progress to 
liver cirrhosis and finally hepatocellular carcinoma (HCC). 
Fibrosis development is only seen in NASH but not 
in simple FL. The pathogenesis of  NASH is not well 
understood, but it is unlikely that one of  the recognized 
mechanisms explains all pathogenic processes of  NASH. 
Thereby, NASH may develop as a consequence of  a 
multifactorial process[2].
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Angiogenesis i.e. formation of  new vessels by sprout-
ing from the pre-existing vasculature, is of  central im-
portance for embryonic development and organogenesis. 
Abnormally pathological angiogenesis is observed in 
rheumatoid arthritis, psoriasis, diabetic retinopathy, tumor 
growth, and even in fibrogenesis[3]. Although previous 
studies conducted to determine the molecular process as-
sociated with fibrosis and angiogenesis were performed 
independently, recent studies have revealed that both 
biological phenomena developed synergistically[4]. It was 
shown that neovascularization significantly increased 
during the development of  liver fibrosis both in hu-
man and animal experimental studies[5,6]. In the NASH 
experimental model, we previously demonstrated that 
angiogenesis plays an important role in the progression 
of  NASH[7]. We also reported that neovascularization 
developed in patients with NASH whereas no marked 
augmentation was observed in FL or the healthy liver[8]. 

Recent studies have suggested that increased hepa-
tocyte apoptosis has an important role in progression 
from simple FL to NASH, and correlates with disease 
severity and hepatic fibrosis[9,10]. During apoptosis, some 
intracellular proteins are cleaved by caspase. A neoepi-
tope in cytokeratin-18 (CK-18), the major intermediate 
filament protein in the liver, becomes available at an 
early caspase cleavage event during apoptosis and is not 
detectable in the viable or necrotic cells[11]. It has been 
reported that CK-18 fragments were markedly elevated 
in NAFLD patients as compared with healthy controls, 
and that the plasma levels of  CK-18 correlated with the 
expression levels in the liver. A significant increase in 
CK-18 expression could be observed in patients with 
NASH as compared with the simple FL patients, and 
the expression level of  CK-18 correlated with the pres-
ence of  fibrosis[10]. The same group recently conducted a 
multicenter validation study which yielded similar results, 
and CK-18 was identified as an independent predictor 
of  NASH[12].

NASH is well known as a liver disease that frequently 
complicates insulin resistance (IR) status[13]. Current 
evidence points to IR and subsequent hyperinsulinemia 
as the key pathogenic factors in NAFLD and progression 
from simple FL to NASH[13]. It has been reported that 
IR accelerated the progression in a NASH animal model, 
and that an insulin-sensitizing agent could reverse the 
underlying pathogenesis involved through improvement 
in IR[14]. We also have demonstrated that IR itself  
significantly promoted liver fibrosis development in 
diabetic rats[15]. Several studies have shown that insulin-
sensitizing agents improved the metabolic and histologic 
parameters, most notably liver injury and fibrosis, not 
only in experimental models, but also in patients with 
NASH[16,17]. Collectively, these findings indicate that 
neovascularization, CK-18 expression, and IR status play 
pivotal roles in the progression of  NASH. We previously 
demonstrated that angiogenesis and IR play important 
roles in animal NASH models[7,15]. However, no study 
has been conducted as yet to examine the interaction 
among these parameters in NASH using human cases.

In the current study, we elucidated the possible 

correlation between angiogenesis, CK-18, and IR 
especially in fibrosis development, which is one of  the 
specific characteristic features of  NASH compared with 
simple FL.

MATERIALS AND METHODS
Patients and methods
We recruited a total of  39 patients with NAFLD be-
tween 2001 and 2007 at Nara Medical University, and 
three healthy volunteers were enrolled as a control 
group. Twenty-eight patients with NASH (17 males and 
11 females) and 11 patients with simple FL (seven males 
and four females), diagnosed by histological examina-
tion, were enrolled in this study. First, all patients were 
re-evaluated clinically for evidence of  diseases including 
diabetes mellitus and hypertension. Alcohol-induced 
hepatitis was excluded according to each patient’s self-
report and was confirmed by the family. The height and 
weight were measured, and the body mass index (BMI) 
was calculated. Hepatitis B virus surface antigen and 
hepatitis C virus antibody were negative in all patients. 
The standard liver function tests were performed for all 
patients. The fasting blood levels of  glucose and insulin 
were assessed, and the homeostasis model assessment 
parameter of  IR (HOMA-IR) was calculated. The serum 
fibrosis markers, namely, hyaluronic acid, type IV col-
lagen 7S (7S-collagen), and amino-terminal peptide of  
type-Ⅲ pro-collagen, were measured by latex agglutina-
tion, enzyme immunoassay, and radioimmunoassay, re-
spectively, using routine laboratory methods. The serum 
levels of  leptin and adiponectin were measured by ELI-
SA kit (R&D systems, Tokyo, Japan) according to the 
manufacturer’s instructions as described previously[18,19]. 

Histology and immunohistochemistry
Liver biopsies obtained for diagnostic purposes were 
histologically examined. The liver biopsy specimens 
exceeded 1.5-2 cm in length and 1.4 cm in width, and 
contained more than five portal areas in each sample 
that was sufficient to perform the immunohistochemical 
analysis. In all samples, serial sections were used for 
analysis. The first section was routinely stained with 
hematoxylin and eosin for histological examination. 
Another section was stained with Sirius Red to detect 
fibrosis development. The fibrosis stages was scored in 
an F0 to F4 scale, where F0 means absence of  fibrosis; 
F1, portal fibrosis with few septa; F2, few septa; F3, 
abundant septa with cirrhosis; F4, cirrhosis, as described 
elsewhere[20]. Regarding the 28 patients with NASH, 
10 had low-grade fibrosis (F0 and F1), and 18 had 
high-grade fibrosis (F2 to F4). For determination of  
neovascularization, we employed immunohistochemical 
detection of  CD34, which is widely used as a marker 
of  neovascularization, using paraffin-embedded 
sections as described previously[21]. We also performed 
immunohistochemical staining of  CK-18 in the liver. Liver 
tissue samples were fixed in 4% formaldehyde solution 
and embedded in paraffin. Then, 5 μm tissue sections 
were incubated in 0.1% hydrogen peroxide in 70% 
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methanol for 30 min to inhibit the endogenous peroxidase 
activity. Microwave antigen retrieval was performed at 
500 W for 15 min with pH 9 antigen retrieval solution 
(Nichirei Bioscience Inc., Tokyo, Japan). Then, 10% fetal 
bovine serum with 0.3% Triton X was used to prevent 
nonspecific staining. The slides were subsequently 
incubated overnight at 4℃ in humidified chambers with 
primary rabbit polyclonal anti-CD34 antibody at a dilution 
of  1:100 and primary rabbit polyclonal anti-CK-18 
antibody (DAKO, Kyoto, Japan) at a dilution of  1:100. 
The sections were rinsed three times in a phosphate-
buffered solution and further incubated with a biotinylated 
secondary antibody for 30 min at room temperature. 
Antigen-antibody complexes were detected by the avidin-
biotin-peroxide method, using diaminobenzidine as a 
chromogenic substrate (DAKO, Carpentaria, CA, USA). 
Finally, the slides were counter-stained with hematoxylin 
and then examined microscopically. Immunopositive 
quantitation of  CD34 and Sirius Red-positive liver fibrosis 
areas were evaluated with Adobe Photoshop software 
and NIH image software as described previously[22]. The 
intensity of  CK-18 staining was scored from 0 to 4 as 
previously described[8] with minor modification; 0: no 
staining; 1: mild (punctured labeling); 2: mild to moderate 
(dense labeling in a few lesions); 3: moderate; 4: strong 
(dense and homogeneous labeling in large areas).

Statistical analysis
All data are expressed as mean ± SD. The statistical 
analysis was performed using the χ2 test for independence, 

the two-tailed Student’s t-test, and simple regression 
analysis. Correlation between two parameters was tested 
by the Spearman rank correlation matrix.

RESULTS
Clinical features
The clinical features of  both groups are shown in Table 1. 
Most of  the clinical features in the FL and NASH patients 
were not significantly different except BMI, HOMA-
IR, serum aspartate aminotransferase (AST), hyaluronic 
acid, leptin, and adiponectin. The NASH patients had 
significantly higher BMI (28.8 ± 4.33 vs 25.6 ± 1.20), 
HOMA-IR (5.79 ± 4.15 vs 2.26 ± 0.96), AST (59.4 ± 
27.0 vs 37.5 ± 10.0), hyaluronic acid (62.0 ± 58.6 vs 15.0 
± 9.06), and leptin (7.79 ± 4.47 vs 2.58 ± 0.43), than the 
FL patients. On the other hand, significantly lower serum 
adiponectin levels were observed in the NASH patients 
compared with the FL patients (5.31 ± 1.70 vs 8.25 ± 0.95). 

Neovascularization
The typical features of  CD34-immunopositive neovessels 
in the liver are shown in Figure 1A. Apparent CD34-
positive vessels could be observed neither in the liver 
of  the healthy subjects nor in the FL patients, whereas 
marked immunopositive vessels could be observed in 
NASH livers along with the development of  liver fibrosis. 
In the liver of  low-grade fibrosis, neovascularization could 

NASH 
(n  = 28)

FL 
(n  = 11)

P -value

Age (yr)   45.4 ± 14.7   43.6 ± 14.1 0.587
Sex (M/F) 17/11 7/4 0.660
BMI (kg/m2)   28.5 ± 6.91   25.8 ± 1.16 0.042
Total cholesterol (mg/dL) 218.6 ± 43.3 203.4 ± 48.3 0.350
Triglycerides (mg/dL) 186.1 ± 69.3 237.1 ± 98.2 0.075
FFA (mmol/L)   0.532 ± 0.207   0.897 ± 0.804 0.079
Fasting plasma glucose 
(mg/dL)

113.3 ± 30.0   98.8 ± 19.2 0.116

Fasting plasma insulin 
(μU/mL)

  20.8 ± 11.5   10.0 ± 3.91 0.018

HOMA-IR   5.79 ± 4.15   2.26 ± 0.96 0.038
HbA1c (%)   6.09 ± 1.29   5.25 ± 0.53 0.130
Serum albumin (g/dL)   4.57 ± 0.33   4.54 ± 0.39 0.774
AST (IU/L)   63.4 ± 27.0   37.5 ± 10.0 0.012
ALT (IU/L) 105.5 ± 65.7   69.8 ± 31.2 0.035
γ-GTP (IU/L)   68.4 ± 37.1   64.2 ± 47.8 0.770
ZTT (kU)   7.87 ± 4.60   5.89 ± 2.39 0.224
Total bilirubin (mg/dL)   0.80 ± 0.25   1.00 ± 0.98 0.305
ICG R15 (%)   10.9 ± 4.28   9.00 ± 2.61 0.264
Procollagen-Ⅲ-peptide 
(U/mL)

  0.83 ± 0.31   0.96 ± 0.23 0.454

Collagen Ⅳ-7S (ng/mL)   4.46 ± 1.83   4.40 ± 1.52 0.762
Hyaluronic acid (ng/mL)   60.4 ± 57.6   15.0 ± 9.06 0.036
Platelets (104/μL )   21.2 ± 8.83   23.2 ± 4.85 0.470
Leptin (ng/mL)   7.23 ± 3.98   2.58 ± 0.43 0.040
Adiponectin (ng/mL)   5.06 ± 1.90   8.25 ± 0.95 0.016

FL: Fatty liver; NASH: Non-alcoholic steatohepatitis; M: Male; F: Female.

Table 1  Characteristic features of patients with FL and NASH 
(mean ± SD)

Figure 1  Representative microphotographs of CD34-positive neovessels 
and cytokeratin-18 (CK-18)-positive cells in the liver of patients. A: Marked 
CD34-positive immunopositive vessels could be found in NASH along with liver 
fibrosis development; B: The immunopositivity of CK-18 was mainly observed 
in the hepatocytes. The arrows indicate CD34 and CK-18-immunopositivity in A 
and B, respectively. The original magnification was × 100.

B

A
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be observed around the central vein (zone Ⅲ). These 
neovessels progressed to the portal area (zone Ⅰ) and 
were also observed along the fibrotic septa in high-grade 
fibrosis. We next performed a semiquantitative analysis 
of  the CD34-positive neovessels in conjunction with liver 
fibrosis development. There was no difference between 
the normal control liver and the FL (Figure 2A), which 
conformed with the immunohistochemical features. In 
NASH, a marked augmentation of  neovascularization was 
found in the liver of  NASH cases as compared with the 
FL. The magnitude of  neovascularization in high-grade 
(F2 to F4) liver fibrosis was more than in low-grade (F0, 
F1) fibrosis. The increase in neovascularization was almost 
parallel to the development of  liver fibrosis. As shown in 
Figure 2B, the degree of  CD34-positive vessels positively 
correlated with fibrosis development (r2 = 0.6288).

CK-18 and IR
We next examined CK-18 expression in the liver. The 

immunopositivity of  CK-18 was mainly observed in the 
hepatocytes (Figure 1B). Similar to CD34, CK-18 expres-
sion was significantly increased in the NASH patients 
as compared with simple FL and healthy liver. Staining 
of  CK-18 was barely visible in the healthy liver and FL, 
whereas most NASH cases showed positive staining. 
Among the NASH patients, those with high-grade fibro-
sis had greater hepatic expression of  CK-18 than those 
with low-grade fibrosis (Figure 3A). We observed that 
the magnitude of  CK-18 expression positively correlated 
with CD34-positive neovascularization (r2 = 0.6512, 
Figure 4A). We also examined the possible role of  IR in 
progression of  NASH, and observed that HOMA-IR 
was significantly higher in NASH patients than in simple 
FL and healthy liver. The HOMA-IR also increased with 
the progression of  NASH, and there was a positive cor-
relation between HOMA-IR and hepatic neovasculariza-
tion (Figure 3B and Figure 4B, respectively). 

DISCUSSION
Recent studies have revealed that angiogenesis plays an 
important role in many pathological events, including 
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Figure 3  Semi-quantitative analysis of the CK-18-positive cells in 
the liver (A) and HOMA-IR (B) in NAFLD. Similar to the CD34-positive 
neovascularization, there was no difference between the control healthy 
liver and FL. In NASH, a marked augmentation of CK-18 (A) and HOMA-IR 
(B) was found in the liver of NASH as compared with FL. The magnitude of 
neovascularization in high-grade (F2 to F4) liver fibrosis was more than in low-
grade (F0, F1) fibrosis. The number of patients in each group was as follows; 
C (n = 3), FL (n = 11), low-grade fibrosis (F0 and F1: n = 10), and high-grade 
fibrosis (F2 to F4: n = 18). bP < 0.01 vs control group; dP < 0.01 vs low-grade 
fibrosis with NASH group.

Figure 2  Semi-quantitative analysis of CD34 and possible correlation with 
liver fibrosis development. A: Semi-quantitative analysis of the CD34-positive 
neovessels in the liver in non-alcoholic fatty liver disease (NAFLD). There was 
no difference between the control healthy liver and simple FL. In NASH, a 
marked augmentation of neovascularization was found in the liver of NASH as 
compared with FL. The magnitude of neovascularization in high-grade (F2 to 
F4) liver fibrosis was more than in low-grade (F0, F1) fibrosis. The proportional 
increase in neovascularization was almost parallel to the development of liver 
fibrosis. bP < 0.01 vs control group; dP < 0.01 vs low-grade fibrosis with NASH 
group. The number of patients in each group was as follows: Control (n = 3), 
FL (n = 11), low-grade fibrosis (F0 and F1: n = 10), and high-grade fibrosis 
(F2 to F4: n = 18). MV: Microvessel density; B: The relationship between 
the development of CD-34-positive vessels and fibrosis grade in NAFLD. 
The degree of angiogenesis correlated with the development of fibrosis. The 
equation was y = 509.82x - 6.7958. The correlation coefficient was 0.6288.
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liver fibrosis development. Although previous studies 
conducted to determine the molecular processes as-
sociated with fibrosis and angiogenesis were performed 
independently, recent studies have revealed that both 
biological phenomena emerged concomitantly[4]. Angio-
genesis in the liver is characterized by capillarization of  
the sinusoids[3]. It has been shown that capillarization 
and phenotypic changes of  the hepatic sinusoidal en-
dothelial cells (ECs) occur during liver fibrosis develop-
ment[23]. It has been reported that CD34 is not expressed 
by healthy ECs, but when ECs alter their phenotype, 
they can express CD34[24]. Much attention is focused on 
a possible association with chronic liver diseases[25]. A 
recent study on chronic hepatitis C (CHC) has shown 
that the number of  CD34-positive new vessels was sig-
nificantly increased and positively correlated with the 
fibrosis stage[26]. As well as CHC, in the current study 
we found a significant development of  hepatic CD34-
positive neovascularization in NASH, whereas almost 
no development could be observed in FL. The degree 
of  angiogenesis was almost parallel to the development 
of  liver fibrosis in NASH. These results are consistent 
with our previous experimental finding that angiogen-
esis increased stepwise during hepatic fibrosis develop-
ment in several fibrosis models, including the rodent 
dietary NASH model[5,7]. We also observed that HOMA-
IR was significantly higher in NASH along with liver 

fibrosis development, and that it positively correlated 
with the development of  neovascularization. We previ-
ously reported that the IR status, i.e. co-existence of  
high glucose and insulin, itself  significantly promoted 
liver fibrosis development in rats along with augmenta-
tion of  neovascularization. Furthermore, high glucose 
and insulin stimulated in vitro neovascularization, and 
the combination treatment with glucose and insulin sig-
nificantly promoted the effect as compared with either 
agent alone[15]. Collectively, it is likely that IR-mediated 
neovascularization is involved in the development and 
progression of  NASH.

Because NAFLD is a common manifestation of  
metabolic syndromes, various adipocytokines are involved 
in the progression of  NASH[27,28]. Among them, adiponectin 
and leptin are well known to be involved in the 
pathogenesis of  NASH[27,29,30]. Adiponectin administration 
alleviates NAFLD progression in mice, and liver fibrosis 
is accelerated in adiponectin knockout mice, indicating 
the protective effect of  adiponectin against liver fibrosis 
development in NASH[31]. In the NASH patients, the 
circulating adiponectin is reportedly decreased[30], and 
we also observed that the serum level of  adiponectin in 
NASH decreased significantly more than in FL. On the 
other hand, recent reports have revealed that leptin exerts 
pro-fibrogenic activity. Hepatic fibrogenesis is impaired in 
leptin- and leptin receptor-deficient animals[29,32]. Leptin 
also enhances proliferation of  activated hepatic stellate 
cells (HSCs), which play a central role in the development 
of  liver fibrosis[33]. In addition to these direct effects on 
HSC, recent studies have revealed that leptin possesses 
angiogenic activity[7,34]. We previously reported that 
leptin exerted a potent angiogenic effect, and that leptin-
mediated neovascularization played an important role 
in the development of  liver fibrosis in the rat NASH 
model[7]. In the current study, the serum leptin level was 
significantly higher in NASH than in FL. However, we 
only measured the serum level of  leptin in the current 
study. The role of  leptin in fibrosis development in 
NASH is still controversial. It has been reported that local 
leptin plays a more important role than serum leptin in 
the progression of  NASH[35]. Further studies are required 
to elucidate the local leptin and leptin receptor interaction 
with in situ hybridization in the future.

As well as neovascularization, we observed that the 
hepatocyte apoptosis marker, CK-18, was also significantly 
increased in NASH as compared with simple FL. This 
finding was consistent with recent reports suggesting 
that the CK-18 expression can detect the presence of  
NASH[10,12,36]. Uncontrolled hepatocyte apoptosis proved 
to be an important event triggering liver fibrogenesis[9]. 
We also observed that the expression of  CK-18 was 
increased along with liver fibrosis development in NASH. 
Moreover, there was a positive correlation between 
the CK-18 expression and hepatic neovascularization. 
These results suggested that there was some crosstalk 
between CK-18 and angiogenesis in the liver of  NASH. 
As well as being a marker of  apoptosis, CK-18 has been 
found to enhance the migratory and invasive potential 
of  tumor cells[37]. Furthermore, it has been reported 
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that CK-18 expression was significantly higher in HCC 
than in CHC[38]. We previously reported that hepatic 
neovascularization increased in a stepwise manner during 
hepatocarcinogenesis, and the increase in angiogenesis was 
mainly observed in the glutathione-S-transferase placental 
form (GST-P)-positive pre-neoplastic lesions as compared 
with the adjacent tissues[39,40]. A recent report has shown 
that CK-18 expression also significantly increased in GST-
P-positive lesions[41]. These results indicate that, as well 
as being a marker of  apoptosis, CK-18 may have a direct 
association with hepatic neovascularization. 

It is important to elucidate whether the correlation 
among these factors is a cause or consequence of  NASH. 
However, in this study, we could not identify what factors 
were the causes or consequences in the progression of  
NASH. Although the respective factors interact with each 
other, further sequential studies are required in the future 
to determine what factors developed prior to other factors 
during the progression of  NASH. Also, the number of  
patients was not high enough in the current study. We are 
acquiring a larger number of  patients’ files and when the 
sample of  patients with NASH and simple FL is adequate, 
we will perform an advanced analysis of  the current 
parameters.

In conclusion, we have shown that only the liver of  
NASH cases had marked neovascularization whereas 
simple FL and healthy livers did not. The hepatic 
neovascularization was proportional to the increase in 
grade of  liver fibrosis. CK-18 expression and HOMA-IR 
were also significantly increased in NASH as compared 
with FL and healthy liver. Furthermore, CK-18 and 
HOMA-IR also positively correlated with the degree 
of  neovascularization. These results indicate that the 
crosstalk between angiogenesis, CK-18, and IR may play 
an important role in the onset and progression of  NASH.
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neovascularization positively correlated with CK-18 and IR in NASH. These 
results emphasize the new findings that the crosstalk between angiogenesis, 
CK-18, and IR plays an important role in the onset and progression of NASH.
Applications
The novel findings may lead to a new alternative therapy for NASH in the near 
future.
Peer review
The manuscript is well written and the conclusions are appropriate for the 
results.
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Abstract
AIM: To examine the protective effect of green tea 
extract (GT) on hepatic fibrosis in vitro  and in vivo  in 
dimethylnitrosamine (DMN)-induced rats.

METHODS: HSC-T6, a rat hepatic stellate cell line, 
was used as an in vitro  assay system. Cell prolifera-
tion, collagen content, and type 1 collagen expression 
were examined in activated HSC-T6 cells. Collagen was 
determined by estimating the hydroxyproline content. 
In rats with DMN-induced hepatic fibrosis, serum as-
partate aminotransferase and alanine aminotransferase 
concentrations, liver hydroxyproline and lipid peroxides 
were determined. Pathologic changes were examined 
by hematoxylin & eosin staining.

RESULTS: GT administration prevented the develop-
ment of hepatic fibrosis in the rat model of DMN-in-
duced liver fibrosis. These results were confirmed both 
by liver histology and by quantitative measurement 
of hepatic hydroxyproline content, a marker of liver 
collagen deposition. Accordingly, inhibition of prolifera-
tion, reduced collagen deposition, and type 1 collagen 
expression were observed in activated HSC-T6 cells 
following GT treatment. These results imply that GT 
reduced the proliferation of activated HSC and down 
regulated the collagen content and expression of col-
lagen type 1, thereby ameliorating hepatic fibrosis.

CONCLUSION: This study demonstrates that green 

tea administration can effectively improve liver fibrosis 
caused by DMN, and may be used as a therapeutic 
option and preventive measure against hepatic fibrosis.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Hepatic fibrosis is a consequence of  severe liver dam-
age and occurs in many forms of  chronic liver damage, 
including virus infection, autoimmune liver diseases and 
sustained alcohol abuse[1]. Hepatic stellate cells (HSC) are 
recognized as the primary cellular source of  matrix com-
ponents in chronic liver diseases, and therefore play a criti-
cal role in the development and maintenance of  liver fibro-
sis[2]. The key cellular and molecular events involved in the 
pathogenesis of  liver fibrosis include activation of  HSC 
to a myofibroblast-like phenotype, production of  excess 
matrix proteins, and increased cell proliferation[2]. Overpro-
duction of  extracellular matrix (ECM) components, par-
ticularly collagen, is a characteristic of  activated HSC, and 
activation and proliferation of  HSC have been implicated 
in the pathogenesis of  liver fibrosis[3]. Therefore, suppres-
sion of  HSC activation has been proposed as a therapeutic 
target against hepatic fibrosis[4].

Acetaldehyde, a highly reactive compound produced 
by alcohol metabolism, stimulates the deposition of  ECM 
proteins. Acetaldehyde also stimulates type 1 collagen 
synthesis and gene transcription in cultured rat and human 
HSC[5] and in human liver fibroblasts[6]. 

Several studies have shown that lipid peroxidation 
stimulates collagen production in fibroblasts and HSC[7], 
and plays an important role in the development of  liver 
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fibrosis. Lipid peroxidation has been shown to stimulate 
the expression of  collagen gene transcripts[8]. It has 
recently been shown that stellate cells are activated by 
free radicals as well as by malondialdehyde (MDA), a 
product of  lipid peroxidation[9]. In addition, stellate 
cell activation by type 1 collagen has been shown to 
be blocked by antioxidants[9], suggesting that lipid 
peroxidation may play a role in hepatofibrogenesis.

Green tea, which is a widely consumed drink, has 
received much attention due to its beneficial biological 
effects. Polyphenols, often collectively referred to as 
catechins, account for up to 30% of  the dry weight 
and serve as a major effective component of  green tea. 
The effects of  green tea have been widely studied and 
antioxidative, antiallergic, antimutagenic/anticarcinogenic, 
and antibacterial effects have been documented[10-12]. It 
has been shown that an aqueous extract of  polyphenols 
from green tea (Camellia sinensis) reduces liver fibrosis in 
rats induced by bile duct ligation, and epigallocatechin 
gallate (EGCG), the major component in green tea, was 
implicated as the main active ingredient[13]. EGCG has 
been reported to suppress cell proliferation and collagen 
production in HSC[14]. In addition, the hepatoprotective 
effects of  green tea against carbon tetrachloride, cholestasis 
and alcohol induced liver fibrosis were reported in many 
studies[13,15,16]. However, the hepatoprotective effect of  
green tea in dimethylnitrosamine (DMN)-induced models 
has not been studied. The DMN-induced liver fibrosis 
model can reproduce most of  the features observed during 
human liver fibrosis[17]. Furthermore, this model has other 
advantages such as progressive and remarkable pathological 
alterations, a high fibrosis reproduction rate, and a low 
mortality rate in experimental animals[18]. This model is 
also stable even after termination of  DMN administration 
and is a reliable tool for screening antifibrotic agents[19]. 
Therefore, the aim of  the present study was to examine 
the protective effect of  green tea extract (GT) on hepatic 
fibrosis in a rat HSC line and in a rat model of  DMN-
induced hepatic fibrosis.

MATERIALS AND METHODS
Preparation of GT
Green tea, cultivated from Cheju island, Korea, was 
extracted with 80% methanol and freeze-dried. 

In vitro experiment
Cell culture: HSC-T6 cells, an immortalized rat HSC line, 
were cultured in Dulbecco’s minimal essential medium 
(DMEM, Gibco, Grand Island, NY, USA) supplemented 
with 10% FBS (Gibco) and 0.5% antibiotics. Cultures were 
placed in a humidified atmosphere of  5% CO2 at 37℃, 
and the medium was changed twice a week. Acetaldehyde 
(175 μmol/L) was added to induce collagen type 1 and 
morphological features of  activated stellate cell. 

Cell viability: HSC-T6 cells were seeded into 96-well 
plates at a density of  1.5 × 104 cells/well until 50% 
confluence. Cells treated with GT (10, 50, 100 μg/mL) 

for 48 h were incubated with MTT (1 mg/mL) in a 
medium for 3 h at 37℃. The supernatant was removed and 
100 μL of  DMSO was added to each well to dissolve the 
formazan product. Absorbance at 570 nm was measured 
using a microplate reader.

Hydroxyproline content: Collagen was determined by 
estimating the hydroxyproline content, an amino acid 
characteristic of  collagen. HSC-T6 cells were lysed after 
treatment with GT (100 μg/mL) for 24 h. The lysates 
were hydrolyzed in 6 mol/L HCl for 16 h at 110℃ and 
evaporated to dryness to remove the acid. The residue, 
dissolved in distilled water, was mixed with 50% isopro-
panol and chloramine-T solution and left for 10 min at 
room temperature. Finally, p-dimethylaminobenzaldehyde 
in 60% perchloric acid was added and heated to 60℃ for 
25 min. The absorbance was measured at 558 nm.

Expression of  collagen type 1: The expression of  
collagen type 1 was observed by ELISA. HSC-T6 cells, 
seeded on 24-well plates at a density of  1.5 × 105 and 
cultured until 90% confluency, were treated with serum-
free DMEM with or without 175 μmol/L acetaldehyde. 
Ascorbic acid (50 μg/L), and 3-aminopropionitrile 
fumarate (100 μg/L) were also added to increase the 
collagen proline hydroxylation and to prevent collagen 
cross-linking. After 24 h of  treatment with GT (100 μg/L), 
aliquots of  medium were transferred into immunowell 
plates, and glutaraldehyde (0.01%) was added and 
incubated at room temperature for 1 h. Collagen type 1 
antibody (1:4000, Abcam Co., Cambridge, UK) was added 
and further incubated for 2 h at 37℃. The antigen-coated 
plates were blocked with casein and incubated with the 
secondary antibody (1:8000) linked to peroxidase, and 
subsequently re-incubated with substrate (TMB 10 mg/mL, 
3% H2O2, 50 mmol/L sodium acetate buffer, pH 5.1) for 
15 min. The enzymatic reaction was stopped by adding 
1 mol/L H2SO4, and the absorbance at 450 nm was 
measured with a microplate reader.

In vivo experiment
Animals and treatments: Male albino rats (235-250 g)  
were purchased from Samtako (Kyunggi-do, Korea) 
and housed in controlled temperature and relative 
humidity, and a 12 h light/dark cycle. All experiments 
were performed according to National guidelines for 
the use of  animals in biomedical research. The rats were 
randomly assigned to four groups of  eight rats each: the 
normal control group without any treatment (NC), the 
hepatic fibrosis control group (FC), and hepatic fibrosis 
with 100 mg/kg GT treated group (FG). Hepatic fibrosis 
was induced by intraperitoneal injections of  10 mg/kg 
dimethylnitrosamine (DMN, Sigma, St. Louis, USA) for 
3 consecutive days each week over a period of  4 wk. 
Normal saline was given to NC rats. GT was administered 
in drinking water which was calculated according to the 
amount of  water consumed the previous day. At the 
end of  the 4 wk experimental period, all rats were killed 
under ether anesthesia. Blood was obtained from the 
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inferior vena cava, and the liver was excised. The liver 
was immediately frozen for biochemical measurements or 
fixed in formalin for histochemical examination.

Hepatotoxicity and lipid peroxidation: Hepatotoxic-
ity was assessed by quantifying the activities of  serum 
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) using a spectrophotometric diagnos-
tic kit (Youngdong Pharmaceutical Co., Korea). Lipid 
peroxidation in the liver and serum were determined by 
measuring the levels of  MDA, an end product of  lipid 
metabolism. For the serum sample, 3 mol/L sulfuric 
acid and 100 g/L phosphotungstic acid were added and 
incubated at room temperature for 10 min, and then 
centrifuged. For the liver sample, homogenates of  liver 
in potassium phosphate buffer were prepared. MDA 
contents in the serum and liver samples were determined 
using a colorimetric reaction with thiobarbituric acid. 

Hepatic hydroxyproline content: A portion of  liver tissue 
(200 mg) was homogenized in 10 volumes of  0.5 mol/L 
potassium phosphate (KP) buffer and hydroxyproline 
content was measured as described above. 

Histology of  liver: Liver tissues were fixed in 10% 
neutral buffered formalin, dehydrated with 50%-100% 
ethanol, and embedded in paraffin. Five micrometer 
sections were cut and stained with hematoxylin-eosin.

Statistical analysis
All data were analyzed and expressed as mean ± SD. 
Comparisons were performed by Student’s t-test to detect 
differences between the groups. A level of  P < 0.05 was 
considered statistically significant.

RESULTS
Effects on cell proliferation and collagen production
The anti-proliferative activity in HSC-T6 cells was 
determined by cell viability using the MTT assay. As shown 
in Figure 1, HSC-T6 cell proliferation was dose-dependently 
inhibited by GT. GT at 10, 50 and 100 μg/mL caused 

dose-dependent inhibition of  HSC-T6 cell proliferation 
by 29.5% ± 4.2%, 30.6% ± 5.6%, and 44.8% ± 1.2 %, 
respectively (P < 0.05, Figure 1). The antiproliferative 
effects were not related to the nonspecific cytotoxic effects 
of  green tea because cells showed normal morphology (data 
not shown). 

To assess the effect of  GT on ECM production, 
hydroxyproline content and type 1 collagen expression, 
assessed by ELISA, were examined in activated HSC-T6 
cells. Serum-starved HSC-T6 cells were cultured with 
acetaldehyde and GT treatment for 24 h. Treatment with 
100 μg/mL GT significantly reduced cell hydroxyproline 
content by 23.0% ± 2.1% compared to the control 
group. Furthermore, the expression of  type 1 collagen 
was up-regulated by acetaldehyde stimulation, and GT 
markedly reduced collagen type 1 expression in a dose-
dependent manner. Acetaldehyde at a concentration 
of  175 µmol/L induced collagen type 1 expression by 
17.4% ± 0.1%, and 10, 50 and 100 mg/mL GT reduced 
collagen type 1 expression by 15.2% ± 2.2%, 15.5% ± 
1.3%, and 23.0% ± 1.1%, respectively (Figure 1).

Effects on organ weights
As shown in Table 1, the liver index, which is the percent 
of  liver weight at final body weight, was not significantly 
different among the experimental groups. In contrast, 
relative spleen weight was increased 3.5-fold by DMN 
treatment, and GT administration restored the relative 
spleen weight (P < 0.05). 

Serum biochemical analysis
AST and ALT concentrations in serum were used as 
biochemical markers to evaluate hepatic injury. ALT is 
a cytosolic enzyme, primarily present in the liver. An 
increase in plasma ALT indicates liver damage more 
specifically than AST. AST, which is a mitochondrial 
enzyme present in large quantities in the heart, liver, 
skeletal muscle, and kidney, in part indicates liver injury. 
Serum activities of  ALT and AST were markedly increased 
with DMN treatment and GT supplementation attenuated 
the elevation of  AST and ALT activities (Table 1).

Histology and fibrosis marker
Liver fibrosis was evaluated by hematoxylin & eosin 
staining. The control group showed normal architecture 

Table 1  Relative organ weights and serum enzyme levels in rats 
with DMN-induced hepatic fibrosis (n  = 10) (mean ± SD)

Group NC FC FG

Liver index  3.1 ± 0.2  2.9 ± 0.2   2.8 ± 0.3
Spleen index     0.2 ± 0.03a   0.7 ± 0.1c   0.4 ± 0.1
ALT (IU/mL) 254.2 ± 26.3a 572.4 ± 83.9c 312.8 ± 29.3
AST (IU/mL)   88.2 ± 12.1a 451.2 ± 23.1c 224.4 ± 24.4

NC: Normal control group; FC: Hepatic fibrosis control group; FG: 
Hepatic fibrosis with green tea extract (100 mg/kg) treated group. Liver 
index: Liver weight/body weight × 100; Spleen index: Spleen weight/
body weight × 100; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase. aP < 0.05 vs FG; cP < 0.05 vs FG.
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Figure 1  Inhibitory effects of green tea on HSC-T6 cell proliferation and 
type 1 collagen expression. Green tea suppressed HSC-T6 cell proliferation 
and type 1 collagen expression in a dose-dependent manner. Data are 
expressed as mean ± SD.
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(Figure 2A), whereas the DMN-treated group exhibited 
necrosis, congestion, hemorrhage, and destruction of  
the lobular architecture (Figure 2B). Red blood cells 
from blood vessels were found in liver tissue due to 
the collapse of  the matrix structure. GT administration 
exhibited notable recovery effects (Figure 2C).

Hydroxyproline and lipid peroxide content in liver
The histological findings were corroborated by biochemical 
parameters of  liver tissue collagen content determined 
by hydroxyproline, and lipid peroxide determined by 
MDA.

Hydroxyproline, a product of  collagen metabolism, 
is an amino acid characteristic of  collagen. The total 
collagen present in liver was, therefore, determined by 
estimating the hydroxyproline content. As shown in 
Figure 3, hydroxyproline content was significantly in-

creased following DMN treatment (FC), indicating that 
the liver fibrosis model was successfully established. 
GT administration (FG, 100 mg/kg) restored the hy-
droxyproline content in fibrotic liver. Lipid peroxides, 
measured in terms of  the formation of  MDA, were 
significantly increased in DMN-induced rat liver.  
GT administration significantly reduced the lipid per-
oxide level. 

DISCUSSION
Hepatic fibrosis is characterized by an abnormal accumu-
lation of  ECM proteins, particularly collagen[3,4]. When 
hepatic fibrosis occurs, collagen proliferation, mainly col-
lagen type 1 and 3, accounts for 50% of  the total protein 
in fibrotic liver[20], and collagens are the main components 
of  ECM. Therefore, collagen type 1 is an important pa-
rameter reflecting the metabolism of  collagen in liver. 
The main collagen producing cells in the liver are HSC, 
which proliferate and undergo a process of  activation 
during the development of  fibrosis resulting in increased 
capacity for collagen synthesis[21]. Changes in hydroxy-
proline content in the liver are considered an index for 
collagen metabolism and provide valuable information 
on the biochemical and pathological states of  liver fibro-
sis. The present study demonstrated that consumption 
of  GT prevented the development of  hepatic fibrosis in 
a rat model of  DMN-induced liver fibrosis. The results 
were confirmed both by liver histology and by quantita-
tive measurement of  hepatic hydroxyproline content, a 
marker of  collagen deposition in liver.

Accordingly, inhibition of  proliferation, reduced 
collagen content, and type 1 collagen expression were 
observed in activated HSC-T6 cells following GT treat-
ment. Activated HSC are the main source of  ECM when 
liver fibrosis occurs[22]. Therefore, these results imply that 
GT inhibit the proliferation of  activated HSC and down 
regulate the collagen content and expression of  collagen 
type 1, thereby inhibiting hepatic fibrosis. The results of  
the present study are consistent with previous observa-
tions showing that EGCG, the major component in green 

Figure 3  Effects of green tea on hydroxyproline and lipid peroxide 
(MDA) levels in DMN-treated rat liver. Data are expressed as mean ± SD. 
MDA: Malondialdehyde. aP < 0.05 vs normal control (NC), cP < 0.05 vs fibrosis 
control (FC).
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Figure 2  Effects of green tea extract on liver tissue morphology in DMN-
induced fibrosis model. Representative pictures of hematoxylin and eosin-
stained sections of liver tissue from normal control rat (A), DMN-treated 
control (B), DMN-treated + green tea extract (100 mg/kg) group (C). Original 
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tea, suppresses collagen production[23], and proliferation[24] 
in HSC.

 Oxidative stress resulting from the increased pro-
duction of  reactive oxygen species and lipid peroxides 
is suggested to be associated with the proliferation and 
activation of  stellate cells either directly or through 
paracrine stimulation of  neighboring cells including in-
jured hepatocytes[25]. Furthermore, oxidative stress has 
been shown to modulate collagen gene expression[7]. 
Therefore, a number of  studies have focused on the 
pathogenetic significance of  oxidative stress in liver 
injury, as well as on the therapeutic intervention of  this 
process with antioxidant and metabolic scavengers. GT 
administration resulted in a reduction of  lipid peroxide 
in HSC-T6 cells and DMN-treated fibrotic liver. Chen 
et al[26] have also shown that a single-dose of  EGCG 
improved hepatic injury in rats induced by CCl4 admin-
istration through the inhibition of  lipid peroxidation.

In conclusion, this study demonstrates that green 
tea administration can effectively improve liver fibrosis 
caused by DMN as shown by reduced levels of  collagen, 
lipid peroxidation, HSC proliferation, and type 1 collagen 
expression in the liver. Therefore, green tea may protect 
liver cells and reduce the deposition of  collagen fibers in 
the liver. Green tea provides a safe and effective strategy 
for improving hepatic fibrosis.
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Abstract
AIM: To identify factors that were related to the 
short term effectiveness of percutaneous transhepatic 
biliary drainage in cholangiocarcinoma patients and 
to evaluate the impact of palliative drainage on their 
survival. 

METHODS: Seventy-four patients with hilar cholan-
giocarcinoma who underwent percutaneous biliary 
drainage were enrolled in the study. The demographic 
and laboratory data as well as the imaging characteris-
tics were retrospectively analyzed to correlate with the 
bile output and reduction rate of serum bilirubin 1 wk 
after drainage.

RESULTS: Patients with more bile duct visualized on 
percutaneous transhepatic cholangiography or absence 
of multiple liver metastases on imaging studies had 
more bile output after biliary drainage [odds ratio 
(OR): 8.471, P  = 0.010 and OR: 1.959, P  = 0.022, 
respectively]. Patients with prolonged prothrombin time 
had a slow decrease in serum bilirubin (OR: 0.437, P  = 
0.005). The median survival time was not significantly 
different in patients with low or high bile output (75 d 
vs  125 d, P  = 0.573) or in patients with slow or rapid 
reduction of serum bilirubin (88 d vs  94 d, P  = 0.576). 

CONCLUSION: The short term effectiveness of per-

cutaneous biliary drainage was related to patient’s pro-
thrombin time or the extent of tumor involvement. It, 
however, had no impact on survival.

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is the second most common primary 
liver cancer, after hepatocellular carcinoma and the 
incidence is increasing[1,2]. Hilar cholangiocarcinoma with 
the tumor involving the biliary confluence or the right 
or left intrahepatic ducts is most common and accounts 
for 40%-60% of  all cholangiocarcinomas[3]. About 80% 
of  patients with hilar cholangiocarcinoma are unsuitable 
for curative surgical resection due to severe comorbidity 
for major surgery, metastases or advanced loco-regional 
disease[4]. Percutaneous or endoscopic biliary drainage is 
usually performed as a palliative treatment to relieve these 
patients from jaundice, pain, and cholangitis[5]. 

A fluent bile output after percutaneous transhepatic 
biliary drainage (PTBD) reduces the biliary pressure and 
therefore, alleviates the cholangitis and pain of  patients. 
The reduction of  serum bilirubin is usually the hallmark 
of  successful biliary drainage. Nonetheless, despite the 
drainage catheter being correctly positioned in the bile 
duct, there are still some patients who have scanty bile 
output and persistent elevation of  serum bilirubin[6]. 
We retrospectively analyzed the clinical and imaging 
characteristics of  these patients in an attempt to identify 
the factors related to bile output and reduction of  serum 
bilirubin after PTBD. In addition, we also compared 
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the survival of  patients with different bile output and 
reduction rates of  bilirubin after PTBD to investigate if  
the short term effectiveness of  biliary drainage had any 
impact on the long term survival.

MATERIALS AND METHODS
Patients
From January 1998 to June 2007, 74 consecutive patients 
with hilar cholangiocarcinoma who underwent PTBD in 
our hospital, a tertiary transferring center, were enrolled. 
The diagnosis of  cholangiocarcinoma was confirmed 
either by pathologic diagnosis (n = 39) or by imaging 
studies plus clinical follow-up which illustrated further 
tumor progression (n = 35). These patients included 39 
males and 35 females with a mean age of  66.1 ± 12.8 
and 66.5 ± 12.5 years, respectively. All of  the patients, 
irrespective of  future treatment modality, underwent 
PTBD due to the presence of  jaundice and a dilated 
biliary system and were further observed for at least 1 wk  
to evaluate the effectiveness of  PTBD. Of  them, 54 
patients were unsuitable for surgical intervention on the 
basis of  their comorbidity and/or tumor extent and were 
enrolled for survival analysis.

Clinical characteristics
The medical records of  each patient were retrospectively 
reviewed. Data collected from all patients on the day of, 
or 1 d before, biliary drainage included the initial serum 
levels of  albumin, bilirubin, alanine aminotransferase 
(ALT), alkaline phosphatase and prothrombin time. 
The average daily bile output and the serum total 
bilirubin level 1 wk after drainage were recorded for the 
evaluation of  drainage effectiveness. The overall survival 
time of  patients who did not undergo surgical resection 
was also checked. 

Imaging characteristics analysis
Percutaneous transhepatic cholangiography (PTC), con-
trast enhanced computed tomography (CT) and/or mag-
netic resonance (MR) imaging were reviewed for imaging 
characteristics analysis. The liver tumors were classified as 
type Ⅰ, Ⅱ, Ⅲa, Ⅲb, and Ⅳ according to the system of  
Bismuth et al[7]. The maximal diameter of  the tumors was 
estimated on CT or MR imaging either by direct mea-
surement of  the tumor size if  its margin could be clearly 
defined or indirect measurement of  the distance between 
dilated ducts if  the tumor was difficult to visualize. The 
maximal diameter of  the intrahepatic duct punctured for 
biliary drainage was measured on CT, MR, or PTC imag-
ing. The number of  visualized intrahepatic bile ducts (first 
branches of  right and left intrahepatic ducts) was count-
ed later on a follow-up PTC as it may depend on the 
injection pressure of  contrast and the radiologist usually 
injected less contrast media to avoid risk of  cholangitis 
when performing PTBD. A follow-up PTC taken several 
days after the biliary drainage, although it may still have 
some limitation, should carry a lower risk of  cholangitis 
and allow more contrast injection. In addition, CT or MR 

imaging was checked for multiple liver metastases, loco-
regional lymphadenopathy and peritoneal involvement. 

Percutaneous transhepatic biliary drainage procedure
Before PTBD, the bleeding profile was checked and 
treated if  abnormal, and antibiotic therapy was com-
menced. If  CT or MR images showed dilated ducts were 
confined to a single lobe, PTBD was performed via that 
lobe. If  the ducts of  both lobes were dilated, our radi-
ologists preferred to approach from the left side unless 
it was atrophied due to tumor invasion of  the ipsilateral 
portal vein. The duct selected for drainage depended 
on the decision of  the radiologist, who selected the 
most feasible duct to approach. PTBD was performed 
as a standard procedure. In brief, the biliary system was 
punctured and a guide wire (0.035 inch) was introduced 
into the bile duct. Through the guide wire, the puncture 
tract was dilated using a bougie, followed by the inser-
tion of  an 8-French pigtail catheter. 

The effectiveness of biliary drainage
The average daily bile output during the first week after 
PTBD was calculated. The reduction rate of  serum 
bilirubin was calculated by dividing the reduction of  total 
bilirubin level after 1 wk of  drainage by the original level. 
For differentiating the effectiveness of  biliary drainage, an 
average bile output of  more or less than 300 mL/d and 
a reduction rate of  serum bilirubin of  higher or lower 
than 20% (i.e. the integer of  median value of  patient 
distribution) were chosen to further divide patients into 
two groups with similar sample size.

Statistical analysis
Except for patient survival which was presented as me-
dian survival days, all the other data were expressed as 
mean ± SD. The differences in demographic, biochemi-
cal, and imaging characteristics between patient groups 
were compared by Independent-Samples t test or χ2 test 
as appropriate. Variables that achieved statistical signifi-
cance (P < 0.05) or were close to significance (P < 0.1) 
in the univariate analysis were subsequently included in 
a multivariate analysis using a stepwise forward logistic 
regression. The survival of  patients with different effec-
tiveness of  biliary drainage was compared by using the 
log-rank test. The statistical calculations were computed 
using the SPSS 12.0 program for Windows (SPSS Inc., 
Chicago, IL, US).

RESULTS
Events associated with the biliary drainage
There was no procedure associated mortality or signifi-
cant morbidity, except two cases of  transient hemobilia 
and two cases of  cholangitis. Most of  our patients who 
did not undergo surgical intervention were maintained 
on PTBD and only 12 (16.2%) of  them were switched 
to external-internal biliary drainage. The drainage was 
further revised if  the initial PTBD drainage had unsatis-
factory function during the follow up. Of  the 26 patients 
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who underwent palliative treatment only and survived 
longer than 90 d, 20 patients (77%) received at least one 
drainage revision.

Bile output after drainage
There were 33 patients with and 41 patients without 
an average bile output of  more than 300 mL/d. As 
shown in Table 1, among the biochemical data, only 
a higher serum albumin concentration was associated 
with higher bile output in patients undergoing PTBD. 
Higher bile output was, however, not associated with a 
more rapid reduction of  serum bilirubin as it was not 
significantly different between both groups. Patients 
who had fewer intrahepatic bile ducts shown on PTC, 
hence a more advanced Bismuth classification, or 
multiple liver metastases had lower bile output after 
biliary drainage. The size of  tumor, the diameter of  bile 
duct, the approach side of  PTBD, and the presence of  
lymphadenopathy or peritoneum involvement were all 
unrelated to the amount of  bile output. 

In multivariate analysis, the absence of  liver metastases 
and a greater number of  intrahepatic bile ducts visualized 
on PTC were still significantly associated with a higher 
bile output. The odds ratios (ORs) were 8.471, (95% CI: 
1.675-42.835, P = 0.010) for negative metastasis and 1.959, 
(95% CI: 1.103-3.481, P = 0.022) for more intrahepatic 
bile ducts on PTC. 

Reduction rate of serum bilirubin after drainage
Of  the 70 patients available for analysis of  bilirubin 

reduction (four patients did not have a serum bilirubin 
check 1 wk after drainage), 37 patients had a bilirubin 
reduction of  more than 20% after 1 wk of  drainage 
and 33 patients did not. The reduction rate of  bilirubin 
was significantly more rapid in patients who had a 
less prolonged prothrombin time or a better serum 
biochemical profile including higher serum albumin, 
lower serum bilirubin or ALT (Table 2). None of  the 
imaging characteristics such as tumor size, Bismuth 
classification, liver metastasis and lymphadenopathy had 
an impact on the rate of  serum bilirubin reduction after 
biliary drainage. 

In multivariate analysis, only prolonged prothrombin 
time was significantly associated with a slower reduction 
rate of  serum bilirubin. The OR was 0.437 (95% CI: 
0.245-0.780, P = 0.005), compared to those with normal 
prothrombin time. 

Short term effectiveness of biliary drainage and patients’ 
survival 
Most of  the patients who were unsuitable for surgical 
resection died of  cholangitis and/or liver failure. Only 
one patient was still alive at the time of  analysis. The 
median survival time of  these patients was 94 d. Although 
12 patients received additional drainage due to scanty 
biliary output or persistent hyperbilirubinemia, the median 
survival of  patients with bilateral biliary drainage was 
similar to that of  patients who received only unilateral 
drainage (66 d vs 94 d, P = 0.358). In addition to biliary 
drainage, 10 of  the 54 patients who had unresectable 
tumors also underwent external beam radiation therapy. 
The median survival was, however, not significantly longer 

Table 1  The clinical characteristics of patients with high and 
low bile output (mean ± SD)

Bile output P -value1

> 300 mL 
(n  = 33)

< 300 mL 
(n  = 41)

Age (yr)   64.5 ± 10.3   67.7 ± 14.2 0.25
Sex (male:female) 20:13 19:22 0.35
Biochemical data
   Albumin (g/dL)   3.4 ± 0.6   3.0 ± 0.5 0.01
   Total bilirubin (mg/dL) 12.2 ± 7.4 12.0 ± 8.5 0.92
   ALT (U/L)   132.5 ± 184.5   142.6 ± 115.2 0.77
   Prolonged prothrombin 
   time (s)

  1.0 ± 1.1   1.2 ± 1.3 0.42

   Bilirubin reduction rate (%)   22.5 ± 41.2   13.6 ± 29.7 0.31
   Alkaline phosphatase (U/L)   463.9 ± 301.8   552.9 ± 373.8   0.297
Imaging characteristics
   Visualized bile ducts on PTC   2.7 ± 1.2   1.7 ± 1.0    0.0012

   Tumor size (cm)   5.3 ± 2.9   4.6 ± 2.5 0.31
   Diameter of bile duct (mm) 10.5 ± 6.1 11.1 ± 5.9 0.65
   Approach side (right:left)   9:24 10:31 0.79
   Bismuth type Ⅰ/Ⅱ/Ⅲa/
   Ⅲb/Ⅳ3

8/6/5/3/7 2/6/11/11/5 0.03

   Lymphadenopathy 10   9 0.59
   Liver metastasis   4 14  0.032

   Peritoneal involvement   7   8 1.00

1By Independent-Samples T test and χ2 test as appropriate; 2Only the 
absence of multiple liver metastases and more intrahepatic bile ducts 
visualized on PTC were statistically significant in multivariate analysis; 
3Eleven patients with ambiguous imaging that cannot be confidently 
classified were not included for analysis. PTC: Percutaneous transhepatic 
cholangiography.

Table 2  Clinical characteristics between the patients who 
had rapid and slow bilirubin reduction rates after drainage 
(mean ± SD)

Reduction P -value1

> 20% 
(n  = 37)

< 20% 
(n  = 33)

Age (yr)   67.6 ± 12.5 65.4 ± 12.3 0.515
Sex (male:female) 19:18 18:15 1.000
Biochemical data
   Albumin (g/dL)   3.4 ± 0.5   3.0 ± 0.6 0.016
   Total bilirubin (mg/dL) 10.6 ± 5.9 15.0 ± 5.1 0.022
   ALT (U/L)   172.3 ± 190.2 102.1 ± 70.0 0.048
   Prolonged prothrombin 
   time (s)

  0.7 ± 0.7   1.7 ± 1.4  0.0012

   Alkaline phosphatase (U/L)   499.5 ± 268.6   543.8 ± 428.8 0.630
Imaging characteristics
   Visualized bile ducts on PTC   2.2 ± 1.2   2.1 ± 1.2 0.815
   Tumor size (cm)   4.9 ± 2.6   4.9 ± 3.0 0.968
   Diameter of bile duct (mm) 11.0 ± 5.9 10.4 ± 5.9 0.670
   Approach side (right:left) 10:27   8:25 1.000
   Bismuth type Ⅰ/Ⅱ/Ⅲa/
   Ⅲb/Ⅳ3

5/7/10/5/6 5/5/6/9/5 0.657

   Lymphadenopathy 11 7 0.583
   Liver metastasis 12 5 0.159
   Peritoneal involvement 10 5 0.379

1Abbreviations as in Table 1; 2In multivariate analysis, only the prothrombin 
time was significantly associated with bilirubin reduction; 3Abbreviations 
as in Table 1.
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in these patients (103 d) than in those who received 
drainage only (88 d, P = 0.493). These patients were 
therefore, combined for survival analysis. 

The serum bilirubin reduction rate, whether it was 
more rapid or slower than 20% did not affect the median 
survival time of  patients (94 d vs 88 d, P = 0.576). The 
median survival time was also similar between patients 
with a bile output less than 300 mL (75 d) and those 
with a bile output more than 300 mL (125 d, P = 0.573).

DISCUSSION
As shown in our previous and current studies, bile 
output was not correlated with the reduction rate of  
bilirubin[8]. Both liver cells and ductular cells contribute 
to the formation of  bile[9]. Biliary obstruction results in 
proliferation of  bile ducts and ductules. The increased 
amount of  bile after relief  of  obstruction can be caused 
by excretion of  water and electrolytes from the prolif-
erated biliary epithelial cells (i.e. the secretin cholere-
sis)[9]. Nevertheless, the reduction of  serum bilirubin 
is dependent on bilirubin excretion by liver cells which 
can be impaired as a result of  cholestasis[10]. Prolonged 
biliary obstruction in these patients results in bile duct 
proliferation and hepatocyte damage, which explains the 
discrepancy between bile output and bilirubin reduction 
rate. A high bile output is therefore, not associated with 
a rapid reduction in serum bilirubin if  most of  the bile 
comes from the bile ducts rather than liver cells.

Cholangiocarcinoma with more advanced Bismuth 
classification implies a complicated biliary obstruction 
and is frequently found to have fewer intrahepatic 
bile ducts depicted on PTC[7]. Liver metastases also 
cause biliary obstruction by compressing the bile ducts 
externally. The presence of  multi-site biliary obstruction, 
either caused by intra-luminal obstruction or external 
compression of  the tumor, leads to fewer sources of  
bile flowing into the drained bile duct and was therefore, 
associated with less bile output after PTBD in our 
observations. 

Accumulation of  bile salts within the liver can cause 
necrosis and apoptosis of  liver cells[10-13]. The liver may 
need more time to recover in cases with long lasting 
biliary obstruction. Prolonged prothrombin time in 
cholangiocarcinoma patients can be due to either vitamin 
K deficiency or impaired liver synthesis of  coagulation 
factors, both sequelae of  prolonged cholestasis. Weston 
reported that patients with prolonged prothrombin time 
took longer for bilirubin reduction after endoscopic 
biliary stenting[14]. Similarly, patients with a prolonged 
prothrombin time in our study also had a slow reduction 
of  serum bilirubin. 

Surgical resection is the standard treatment for 
intrahepatic cholangiocarcinoma[15]. Patients unsuitable 
for surgical resection live a significantly shorter time 
than those undergo curative tumor resection. Previous 
reports indicate that the method of  drainage has no 
impact on patient survival[4]. Our data further showed 
that patient’s survival was not related to the bile output 

or the rate of  bilirubin reduction after biliary drainage. 
This may be because even though the drainage provides 
good short term success in palliating symptoms, it is 
however associated with significant morbidity in the 
long term follow up including catheter clogging, catheter 
dislodgement, cholangitis, and liver failure[16]. As seen 
in our study, most of  the patients who survived more 
than 90 d received multiple drainage revisions and as a 
consequence of  tumor progression, most of  them still 
died of  cholangitis and liver failure. Therefore, the short 
term effectiveness of  PTBD adds little benefit to survival 
unless other effective methods such as photodynamic 
therapy are available to retard the tumor progress and 
keep the biliary systems patent[17,18].

In conclusion, our study identified factors that were 
related to the short term effectiveness of  PTBD in patients 
with hilar cholangiocarcinoma. After biliary drainage, 
patients may have less bile output in the presence of  
multiple sites of  biliary obstruction, and slower reduction 
of  serum bilirubin if  the prothrombin time is prolonged. 
A higher bile output was not associated with a more 
rapid bilirubin reduction. Although we only observed the 
drainage effect at 1 wk which may not reflect the ultimate 
result of  drainage, we did find that a short term relief  of  
biliary obstruction by PTBD was not associated with a 
better survival in patients with unresectable cancer. 
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Abstract
AIM: To investigate the effect and mechanism of 
electro-acupuncture (EA) at ST25 and ST37 on irritable 
bowel syndrome (IBS) of rats. 

METHODS: A total of 21 male Sprague-Dawley rats 
were randomly divided into normal group, model group 
and EA group. A rat model of IBS was established by 
constraining the limbs and distending the colorectum 
of rats. Rats in EA group received bilateral EA at ST25 
and ST37 with a sparse and intense waveform at a 
frequency of 2/50 Hz for 15 min, once a day for 7 d 
as a course. Rats in normal and model groups were 
stimulated by distending colorectum (CR). An abdominal 
withdrawal reflex (AWR) scoring system was used to 
evaluate improvements in visceral hypersensitivity. 
Toluidine blue-improved method, immunohistochemistry 
and radioimmunoassay were used to observe mucosal 
mast cells (MC), changes of substance P (SP) and 
substance P receptor (SPR) in colon and change of 
corticotropin-releasing hormone (CRH) in hypothalamus.

RESULTS: The threshold of visceral sense was 
significantly lower in model group than in normal group, 

and significantly higher in EA group than in model 
group. The number of mucosal MC was greater in model 
group than in normal group and significantly smaller 
in EA group than in model group. The CRH level in 
hypothalamus of rats was significantly higher in model 
group than in normal group, which was remarkably 
decreased after electro-acupuncture treatment. The SP 
and SPR expression in colon of rats in model group was 
decreased after electro-acupuncture treatment. 

CONCLUSION: EA at ST25 and ST37 can decrease 
the number of mucosal MC and down-regulate the 
expression of CRH in hypothalamus, and the expression 
of SP and SPR in colon of rats with IBS.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Electro-acupuncture; Corticotropin-releasing 
hormone; Irritable bowel syndrome; Substance P; 
Substance P receptor

Peer reviewers: Mohammad Abdollahi, Professor, Faculty 
of Pharmacy, Tehran University of Medical Sciences, Tehran 
1417614411, Iran; Yvan Vandenplas, Professor, Department of 
Pediatrics, AZ-VUB, Laarbeeklaan 101, Brussels 1090, Belgium

Ma XP, Tan LY, Yang Y, Wu HG, Jiang B, Liu HR, Yang L. 
Effect of electro-acupuncture on substance P, its receptor and 
corticotropin-releasing hormone in rats with irritable bowel 
syndrome. World J Gastroenterol 2009; 15(41): 5211-5217  
Available from: URL: http://www.wjgnet.com/1007-9327/15/5211.
asp  DOI: http://dx.doi.org/10.3748/wjg.15.5211

INTRODUCTION
Irritable bowel syndrome (IBS) is a common bowel 
disorder characterized by recurrent abdominal pain or 
discomfort associated with altered bowel habits in the 
absence of  structural pathology[1]. Since IBS is diagnosed 
based on its symptoms and its pathophysiology is 
unclear, its treatment outcome remains unsatisfactory[2,3]. 
Our previous study showed that electro-acupuncture 
(EA) is effective against IBS[4]. However, its mechanism 
of  action needs to be further studied.

IBS patients often describe a correlation between 
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stressful life events and the onset or exacerbation of  
their gastrointestinal symptoms, and seem more sus-
ceptible to stressful events in daily life[5]. The central 
nervous system response to stressful events modulates 
the autonomic nervous system outflow and activates 
the hypothalamic-pituitary-adrenal axis[6]. Dysfunction 
of  these systems has been proposed to be an etiologi-
cal factor for IBS[7,8]. It has been reported that there is 
a difference in hormone level involving stress response 
between IBS patients and healthy subjects[8]. Central re-
lease of  corticotropin-releasing hormone (CRH) plays 
an important role in the stress response[9], inducing a 
higher adrenocorticotropic hormone (ACTH) level and a 
more profound enhancement of  colonic motility in IBS 
patients than in healthy controls[10]. It has been shown 
that CRH increases rectal sensitivity[11]. Thus, alterations 
in neuroendocrine response to stress may be of  impor-
tance in the pathophysiology of  IBS[12].

Visceral hypersensitivity is highly prevalent in IBS 
patients, and activation of  intestinal mast cells (MC) may 
play a role in visceral hypersensitivity because they are in 
close proximity to gastrointestinal mucosal sensory nerve 
terminals containing neuropeptides, and a bidirectional 
pathway connecting the central nervous system, gut and 
MC have been demonstrated. MC at the ileocecal junction 
may be a mediator of  the gut and nervous system in 
IBS[13] and substance P (SP) is a gastrointestinal peptide 
hormone. Both of  them reside in the gastrointestinal 
tract and central nervous system. SP is also an interactive 
signaling molecule between the nervous and immune 
systems[14] and can modulate the function of  intestinal 
mucosal MC by regulating neurosecretion and paracrine 
secretion.

This study was to explore the effect of  EA at ST25 
and ST37 on IBS by observing the MC count, the CRH 
level in hypothalamus, and the expression of  SP and 
SPR in colon of  rats.

MATERIALS AND METHODS
Animals
Twenty-one male Sprague-Dawley rats (SPF class), 
weighing 185-215 g, were supplied by Experimental 
Animal Center of  Shanghai University of  TCM, and 
randomly divided into normal group, model group and 
EA group according to their weights, 7 in each group. All 
rats were housed at a constant temperature and a humidity 
environment with free access to food and water. All 
studies were performed in accordance with the proposals 
of  the Committee for Research and Ethical Issues of  the 
International Association and approved by the Committee 
on the Use of  Human and Animal Subjects in Teaching 
and Research, Shanghai University of  TCM.

Establishment of rat model of IBS 
An experimental rat model of  IBS was established as 
previously described[15,16]. On the second day after the 
rats were fasted, experiment was begun. Rats in the 

normal group were given grabbing around the anus, 
while rats in the other two groups were stimulated 
by distending colorectum (CR). Limbs of  the rats 
were fixed with medical adhesive tapes to limit their 
movements. The fixed rats could crawl without using 
their rear limbs. CR was distended before the limbs of  
rats were constrained and after the medical adhesive 
tapes were removed. The finger of  a disposable rubber 
glove was tightly fixed onto the end of  a polyethylene 
tube with 4 holes (0.5 cm apart) using medical silk thread 
as a 4 cm-long balloon. The other end of  the tube was 
connected to a 10 cm-long rubber tube with a tri-channel 
valve connected to a syringe and sphygmomanometer. 
Vaseline was smeared on surface of  the balloon which 
was slowly inserted into 5 cm of  the rat anus along the 
physical curve of  CR. The fixed time was 2 h each day, 
and CR was distended for 3 min, once every other day 
for 8 d. The whole modeling time was 15 d.

Treatment
Rats in the EA group were treated with EA at bilateral 
ST 25 and ST 37, once a day for 7 d as a course. Needles 
were pricked 0.3 cm in depth with a dense-sparse 
waveform at a frequency of  2/50 Hz and retained for  
15 min. Rats in the normal and model groups received 
no EA treatment.

Contraction reaction in rat abnormal scoring test
The abdominal withdrawal reflex (AWR) scoring 
criteria[14] are shown in Table 1. Rats in the model group 
were fasted in afternoon of  the previous day. Vaseline 
was smeared on surface of  the balloon which was slowly 
inserted into 5 cm of  the rat anus according to the 
physical curve of  CR and retained for 5 min. The test 
was begun when the rats became adapted.

After air was added into the balloon with a syringe, 
the rat rectum was stimulated and different degrees 
of  contraction reaction were observed. The pressure 
(mmHg) during behavior response scored as 1, 2, 3, 
and 4 was recorded and expressed as the threshold 
of  sensitivity. Each score was tested three times, and 
each rat was tested by two persons not participating in 
this research. Means were calculated (6 values in total). 
Three-minute intervals were set between each two tests 
for the full adaptation of  rats.
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Score 0 No behavioral response to CRD
Score 1 Immobile during distension of CR and occasional clicking 

the head at onset of the stimulus
Score 2 A mild contraction of abdominal muscles, but no lifting of 

abdomen off the plattorm
Score 3 A strong contraction of abdominal muscles and lifting of 

abdomen off the platform, no lifting of pelvic structure off 
the platform

Score 4 Arching body and lifting of pelvic structure and scrotum

AWR: Abdominal withdrawal reflex; CRD: Colorectal distension; CR: 
Colorectum.

Table 1  AWR[14] scoring criteria
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Observation using toluidine blue-improved method
Samples were taken from the descending colon (5 cm 
above anus) and cecum, cleaned with normal saline, fixed 
with 10% formalin, dehydrated, paraffin-embedded, cut 
into sections and stained with toluidine blue-improved 
(TBI) method, deparaffinized and rehydrated, dipped 
in toluidine blue for 30 min. Two or three drops of  
glacial acetic acid were added into the samples until the 
presence of  pretty clear nuclei and granulation. The 
samples were dried with cold air, cleaned in xylene, 
mounted onto Permount or Histoclad, and observed 
under a microscope (Olympus-BH2, × 100 and × 400). 
Three high-power fields (× 400) were randomly selected 
and the number of  MC was counted and expressed as 
mean.

Radioimmunoassay for CRH 
Sample preparation: All rats were killed by dislocating 
cervical vertebra, with their brain taken out and hypo-
thalamus isolated in ice bath. The hypothalamus was 
rinsed with 0.9% sodium chloride and restored in a liq-
uid nitrogen container. The hypothalamus was taken out 
from the liquid nitrogen container, weighed and labeled. 
One milliliter 1 mol/L glacial acetic acid was added and 
homogenized for 100 min, then 0.8 mL 1 mol/L NaOH 
was added and centrifuged for 20 min at 4000 r/min. 
The supernatant was stored at -20℃ for radioimmuno-
assay. The sample (50 μL) was incubated for 24 h at 4℃. 
Then, 500 μL separating-medium was added into each 
tube, incubated at room temperature for 45 min, centri-
fuged for 20 min at 4000 r/min. The supernatant was 
aspirated and the results were calculated.

Immunohistochemistry for SP/SPR: Sample sections 
were deparaffinized in xylene for 10 min, and dehydrated 
in 95%, 90%, 70% ethanol for 2 min. Primary antibody 
was bound to the specific rabbit anti-rat antigen diluted 

at 1:150, at 4℃ for 18 h. The samples stained with the 
envision immunohistochemistry method served as a 
positive control, while PBS-alternated primary antibody 
served as a negative control. Brown and dark brown 
granulation was observed with a background of  purple 
blue. The positive expressing areas of  SP and SPR under 
three fields were averaged.

Statistical analysis
Experimental data were expressed as mean ± SD. 
Statistical analyses were performed using SPSS 13.0 (SPSS 
Inc. Wacker Drive, Chicago, Illinois). Differences in 
mean were compared by one way ANOVA. P < 0.05 was 
considered statistically significant.

RESULTS
Contraction reaction in rat abnormal scoring test
The threshold pressure was remarkably lower in model 
group than in normal group, and obviously higher in EA 
group than in model group (P < 0.01, Table 2).

Effect of EA on CRH in hypothalamus of rats 
The CRH level was significantly higher in hypothalamus 
of  rats in model group than in normal group (P < 0.05), 
which was significantly decreased after EA treatment 
(P < 0.05). No significant difference was found in CRH 
level between normal and EA groups (Table 3).

MC in rat colonic membrane 
The number of  MC was greater in model group than 
in normal group (P < 0.05, Table 3) and smaller in EA 
group than in model group (P < 0.05). The plasma of  
MC was stained purple, while nuclei were stained dark 
blue, scattered in mucous and submucous layers, or 
gathered into groups or lined up. The cells were round, 
oval, shuttle-like, and erose in shape. Small cells had little 
plasma and were clear in shape, while big cells had more 
plasma and were unclear in shape.

SP and SPR expression in colon tissue of rats 
The expression level of  SP and SPR was higher in model 
group than in normal group (P < 0.05), which was 
decreased after EA treatment (P < 0.05, Table 4, Figure 1).

DISCUSSION
IBS is a prevalent functional gastrointestinal (GI) disorder 

Group                              Threshold pressure (mmHg)

  Score 1   Score 2   Score 3   Score 4

Normal group 23.38 ± 3.15 41.26 ± 3.58 68.00 ± 8.97 86.35 ± 10.01
Model group 15.50 ± 3.25b 23.76 ± 3.91b 37.43 ± 6.75b 57.95 ± 5.45b

EA group 21.81 ± 1.93d 34.02 ± 3.87b,d 50.50 ± 7.28b,d 63.23 ± 6.24b,d

Table 2  Threshold pressure of rat contraction reaction in different groups (n  = 7) (mean ± SD)

bP < 0.01 vs normal group; dP < 0.01 vs model group.
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Group CRH level (pg/mg) MC count in each visional field 

Normal group      42.68 ± 4.39 2.19 ± 0.31
Model group      66.63 ± 18.19a  10.0 ± 1.21a

EA group      42.81 ± 7.44c    4.81 ± 0.63a,c

aP < 0.05 vs normal group; cP < 0.05 vs model group. EA: Electro-acupuncture; 
MC: Mast cells..

Table 3  Corticotropin-releasing hormone level in hypothalamus 
of rats and MC count in colonic membrane of rats in different 
groups (n = 7) (mean ± SD)
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characterized by chronic or recurrent abdominal pain or 
discomfort associated with altered bowel habits[16].

IBS is presumed to be a disorder of  the brain-gut 
link[17]. Psychological stress induces colonic segmental 
contractions which are exaggerated in IBS patients[18,19]. 
Stress can alter GI function. However, the mechanism 
underlying stress-induced intestinal response is still 
unclear. Epidemiological data show that psychological 
stress is one of  the most important etiological factors 
for IBS. Mental stress is one of  the factors for the in-

duction or aggravation of  the symptoms of  IBS[20]. Vis-
ceral hypersensitivity and dysregulation of  central pain 
perception in the brain-gut axis play a pivotal role in the 
pathophysiology of  IBS.

The central nervous system response to stress 
modulates the autonomic nervous system outflow and 
activates the hypothalamic-pituitary-adrenal axis[6]. 
Dysfunction of  these systems has been proposed to be 
an etiological factor for IBS[7,8]. In addition, CRH, which 
plays an important role in the stress response[9], induces 

Group                    SP expression                  SPR expression

Optical density Expressing area (μm2) Optical density Expressing area (μm2)

Normal group   14.21 ± 0.64     1772.77 ± 176.34   14.86 ± 0.48     362.65 ± 41.96
Model group   18.21 ± 1.07a     3157.31 ± 304.95a   16.36 ± 1.14a     532.83 ± 105.60a

EA group   16.29 ± 0.95a,c     2020.09 ± 116.31a,c   13.71 ± 0.70a,c     340.02 ± 29.61c

Table 4  SP and SPR expression in colonic membrane of rats in different groups (n  = 7) (mean ± SD)

aP < 0.05 vs normal group; cP < 0.05 vs model group. SP: Substance P; SPR: Substance P receptor.

A B

C D

E F

Figure 1  Expression of substance P and its receptor in colonic tissue of rats in normal group (A, D), model group (B, E) and EA group (C, F) (× 400).
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a higher adrenocorticotropic hormone (ACTH) level 
and a more profound enhancement of  colonic motility 
in IBS patients than in healthy controls[10]. It has been 
shown that CRH increases rectal sensitivity[11]. Thus, 
alterations in neuroendocrine response to stress may be 
of  importance in the pathophysiology of  IBS[12].

It was reported that CRH injected into the intra-
cerebral ventricle of  rats exerts a stimulatory effect on 
colonic motor function by inducing spike burst activities 
in the proximal colon, accelerating transit, and inducing 
defecation[21-23]. Use of  nonselective CRH1 (NBI-359565) 
receptor antagonists showed that colonic motor func-
tion induced by CRH is delayed in rats, suggesting that 
central CRH combined with CRH1 receptor can regulate 
the colon function[23]. In the study by Fukudo et al[10], the 
descending colon motility induced by CRH was greater 
in IBS patients than in health subjects, CRH produced 
duodenal phase Ⅲ motor activities in 80% of  healthy 
subjects and duodenal dysmotility in 40% of  IBS pa-
tients, the time of  abdominal symptoms evoked by CRH 
was significantly longer in IBS patients than in healthy 
subjects, the plasma ACTH level induced by CRH was 
significantly higher in IBS patients than in healthy sub-
jects, indicating that human intestinal motility is prob-
ably modulated by exogenous CRH. The brain-gut in 
IBS patients may have an exaggerated response to CRH. 
Intravenous injection of  CRH can promote the viscera 
sensibility in rats, which can be inhibited by CRH1 re-
ceptor antagonists[23]. This study showed that the CRH 
expression level in hypothalamus of  rats was signifi-
cantly higher in model group than in normal group (P < 
0.05), which was remarkably  decreased (P < 0.05) after 
EA treatment. No distinct difference in CRH expression 
was found between normal and EA groups, suggesting 
that EA therapy can inhibit the expression of  CRH in 
hypothalamus of  rats.

Recently, the role of  probiotics in intestinal ecosys-
tems has received great attention because of  their ben-
eficial effects on human and animal gut health[24]. It has 
been shown that probiotics can improve inflammation in 
some IBS patients and alleviate IBS symptoms such as 
pain[25]. It has been demonstrated in animal studies that 
neonatal intervention with probiotics can protect against 
short and long term consequences of  impaired intestinal 
barrier function and gut-associated immune dysfunction 
induced by neonatal stress, reduce elevated corticos-
terone levels in pups with early psychological trauma 
(maternal deprivation), suggesting that normalization of  
HPA-axis activity is mediated by the effect of  probiotics 
on gut function[26-30]. Further study is needed to explore 
the relation between acupuncture and probiotics used in 
treatment of  IBS.

The pathological mechanism of  IBS is not clear, but 
it is believed to be associated with alterations in mentality, 
GI motility, and visceral sensitivity, etc. Recently, 
researchers have suggested the role of  inflammatory cells 
in the pathogenesis of  IBS[31]. Mucosal MC are located 
throughout the gut in close proximity to enteric nerves, 
and secrete numerous inflammatory substances including 

histamine, cytokines, proteases, and eicosanoids that are 
known to sensitize visceral sensory nerve fibers. That is 
why some researchers have become interested in them.

SP is closely related with the pathological change in 
IBS, which plays a role in stress, intestinal infection, and 
visceral hypersensitivity in the development of  IBS[31,32]. 
Meanwhile, SP is a gastrointestinal peptide hormone 
existing in the central nervous system and gastrointestinal 
tract, and a signaling molecule connecting the nervous 
system to the immune system. Wang et al[33] reported that 
the expression of  SP and c-fos protein in the enteric and 
central nervous systems of  the rat model of  constipation-
predominant IBS is abnormal, suggesting that abnormal 
changes in SP may be involved in the pathogenesis of  
IBS, and SP containing the neural pathway may be one 
of  the neural pathways that play an important role in the 
regulation of  gastrointestinal function.

SP in the intestinal tract is mainly produced by 
nerve terminal and endocrine cells such as MC. SP in 
combination with its receptor exerts its effect on the 
homologous effector cells of  stomach and intestine, 
leading to complicated physiologic functions such 
as gastrointestinal motility, sensibility, secretion and 
absorption. In the enteric nervous system, SP, as an 
enteric nervous system of  neurotransmitters, can 
increase gastrointestinal motility, promote contraction 
of  alimentary tract smooth muscle, reinforce colon 
progradation, and stimulate water and electrolyte 
secretion in small intestine and colon. Some researchers 
believe that mucosal MC can restore the function and 
paresthesia of  intestinal tract, while others hold that 
there is an amplifying ring among SP, MC and sensory 
neurofibra. Releasing of  neuropeptides from sensory 
nerve ending, such as SP, has a direct effect on target 
organs. SP in combination with its special receptor on 
the surface of  mucosal MC can activate and degranulate 
MC, releasing histamine and influencing sensorineural 
function, which promotes SP and local blood vessels to 
release nerve growth factor. In this study, the increased 
expression of  SP was closely related with the number 
of  MC in lamina propria of  rats with IBS. It was 
reported that MC are associated with neurofibra by 
membrane-membrane touch[34]. The number of  MC 
and degranulated MC is greater in IBS patients than 
in healthy subjects and the activated MC are adjacent 
to the inner-intestinal neuroplexus[13,35]. Our previous 
study showed that MC in colonic mucosa and c-fos 
positive cells are significantly increased, EA at ST-25 
and Tegaserod injected into stomach can inhibit the 
proliferation and activation of  MC in the colon, and 
regulate the secretion of  SP, SPR, VIP, and VIPR, 
but the effect of  EA is obviously better than that of  
Tegaserod[36]. In this study, the number of  MC, the 
optical density and positive expressing areas of  SP, 
SPR were greater in rats with IBS than in normal rats, 
indicating that MC, SP and SPR are closely related with 
the development of  IBS (P < 0.05). However, MC, SP 
and SPR were decreased after EA treatment (P < 0.05), 
suggesting that EA at ST25 and ST37 can effectively 
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adjust the dysfunction of  MC and down-regulate the 
expression of  SP and SPR.

In conclusion, dysfunction of  the central and enteric 
nervous systems leads to IBS. EA at ST25 and ST37 can 
decrease the number of  MC, the expression of  SP and 
SPR in colon, and the CRH level in hypothalamus of  
rats. 
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Abstract
The term biloma describes an encapsulated collection 
of bile within the abdomen, usually secondary to bile 
duct disruption. The commonest causes reported in 
the literature are iatrogenic (secondary to hepatobiliary 
surgery), trauma or complications due to choledocho-
lithiasis. A few cases have been reported as complica-
tions of cholangiocarcinoma or acute cholecystitis. We 
report the case of a 64-year-old man initially diagnosed 
with a non-obstructive malignancy of the pancreas, 
who developed a spontaneous intrahepatic biloma  
8 mo later. This was identified following a 1-wk history 
of fever, rigors and icterus. The biloma was identified 
on computed tomography and subsequently drained 
under ultrasound guidance. Forty-eight hours later, a 
stent was inserted endoscopically into his common bile 
duct and he made an uneventful in-hospital recovery. 
We believe this is the first documented case of sponta-
neous intrahepatic biloma to occur secondary to pan-
creatic malignancy.
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INTRODUCTION
In 1979, Gould and Patel[1] described the case of  a 
32-year-old man who was found to have a large encap-
sulated collection of  bile outside the biliary tree, sec-
ondary to a tear in the right hepatic duct. This followed 
a traumatic insult to the upper abdomen. The patient 
proceeded to have this collection drained and a T-tube 
was inserted to permit bile drainage. Since the initial 
description, there have been a few documented cases of  
spontaneous biloma formation, usually in the context of  
choledocholithiasis. The current case is sufficiently ex-
ceptional with regard to location, etiology and mode of  
presentation to merit a report. 

CASE REPORT
A 64-year-old man was referred to the gastroenterology 
clinic by his general practitioner (GP) with constant 
upper abdominal pain that was worse after eating. In 
addition, the patient had been suffering from alternating 
constipation and loose stools. He denied the passage of  
blood in his motions or any weight loss.

A full blood count revealed normocytic anemia (he-
moglobin 123 g/L; mean corpuscular volume: 88.4 fL). 
Renal and liver function tests were normal. Given the 
features on presentation, a colonoscopy was suggested, 
however, he was reluctant to go ahead with the proce-
dure. As an alternative, a computed tomography (CT) 
pneumocolon was arranged.

Although no significant polyps or other colonic ab-
normalities were seen, there was an irregular 3 cm ×  
4.5 cm mass arising from the neck/body of  the pancreas, 
with multiple lymph nodes in the peripancreatic region. 
Further assessment with a dual-phase CT scan of  the pan-
creas was performed (Figure 1). As a result of  encasement 
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of  the superior mesenteric artery and portal veins, the tu-
mor was deemed inoperable. An ultrasound-guided biopsy 
of  the lesion was undertaken, and histology confirmed 
adenocarcinoma of  the pancreas.

The patient went on to complete three courses of  
gemcitabine chemotherapy but further staging CT dem-
onstrated slowly progressive disease over a 3-mo period.

Six months later, the patient was referred by his GP 
to the on-call medical team with a week-long history of  
nausea, anorexia and new-onset jaundice. Upon exami-
nation, he was tender in the epigastrium and right upper 
quadrant, with no overt peritonism. His blood tests were 
as follows: bilirubin, 164 μmol/L; alanine aminotrans-
ferase, 84 IU/L; alkaline phosphatase, 5567 IU/L; 
albumin, 35 g/L; C-reactive protein (CRP), > 160 mg/L; 
prothrombin time, 16.3 s; and white blood cell count, 
12.9 × 109/L.

Repeat CT of  the pancreas was undertaken, which 
demonstrated a dilated common bile duct (CBD) with 
external compression from enlargement of  the pancreatic 
tumor, and a large, intrahepatic cystic lesion that measured 
12 cm × 9 cm, adjacent to the gallbladder (Figure 2).

Ultrasound-guided drainage was performed and 
yielded frank bile in keeping with an intrahepatic biloma. 
Microbiological analysis of  the fluid did not reveal the 
presence of  any pathogenic organisms. Endoscopic ret-
rograde cholangiopancreatography (ERCP) demonstrated 

a smooth stricture of  the distal CBD and a dilated com-
mon hepatic duct above. Contrast material was seen to be 
flowing into the biloma, which implied a connection with 
the intrahepatic ducts (Figure 3). The stricture was stented 
and drainage from the biloma ceased within 48 h follow-
ing insertion.

DISCUSSION
The first reported case of  a biloma was reported by 
Gould and Patel in 1979[1]. They reported extrahepatic 
bile leakage post trauma to the right upper quadrant of  
the abdomen. The bile accumulated in an encapsulated 
form. Although originally described as a bilious collec-
tion outside the liver, the term biloma has been extended 
to include any such lesion that may be intrahepatic but 
anatomically outside the biliary tree[2]. The majority of  
bilomas are iatrogenic and follow transhepatic cholangi-
ography, liver biopsy, ERCP or cholecystectomy. Biloma 
also has been recognized to arise following external 
trauma[3]. Spontaneous biloma is exceedingly rare, and 
the majority occur secondary to choledocholithiasis or 
cholangiocarcinoma[4]. Rarer causes have been reported 
in the context of  sickle cell disease[5] or as a complica-
tion of  hepatic infarction and abscess formation. To the 
best of  our knowledge, biloma that occurs secondary to 
primary pancreatic malignancy has not been reported 
previously in the literature.

As diagnostic techniques continue to evolve, an 
increasing number of  cases have been identified, but the 
exact mechanism behind spontaneous biloma formation 
is still unknown. Postulated pathogenic mechanisms 
are Sphincter of  Oddi spasm, CBD tumor or calculus 
obstruction that results in increased intraductal pressure, 
bile duct necrosis and rupture of  the bile duct. As a 
result of  the relatively slow onset of  ductal obstruction 
that occurs in the context of  a pancreatic neoplasm, 
such an acute elevation in biliary pressure is unusual (cf. 
impacted CBD stone). The size and location of  biloma 
is influenced by the cause of  rupture, location and size 
of  bile leak, and rate of  absorption by the peritoneum. 

Figure 3  ERCP demonstrating a smooth stricture in the distal CBD, with 
dilated common hepatic ducts above. Contrast material was seen to flow 
within the biloma collection, which implied communication with the intrahepatic 
ducts.

Figure 1  CT pneumocolon, which suggested the presence of advanced 
pancreatic malignancy.

Figure 2  Large intrahepatic cystic lesion with bile duct compression 
caused by enlargement of the pancreatic neoplasm.
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Most bilomas are secondary to CBD rather than hepatic 
duct perforation[6].

There is no difference in the incidence between males 
and females, but the condition is found more often in the 
sixth to seventh decades of  life. The age predominance 
may reflect that of  the underlying etiological factor rather 
than that of  developing the complication. Presentation 
is nonspecific, with abdominal pain, usually in the right 
upper quadrant (although a few reported cases of  
bile migration to the left subphrenic space have been 
documented, which has given rise to a predominance 
of  pain on the left side). Fever may be accompanied by 
jaundice and abdominal distension. Extreme cases that 
result in bilious ascites also have been reported[7]. In 
our case, there was no history of  recent hepatobiliary 
intervention (pancreatic biopsy had been performed 
6 mo prior to presentation, but no evidence of  biloma 
was seen on interval scanning). There were complaints 
of  fever, rigors, anorexia and scleral icterus. Blood tests 
may show neutrophil leukocytosis, elevated CRP and 
obstructive liver function tests. Blood cultures may show 
Gram-negative bacteremia. Biloma can be picked up on 
ultrasound, CT or magnetic resonance imaging. Despite 
advancing imaging modalities, biloma may be difficult 
to differentiate from large cystic metastasis, seroma, 
angioma or lymphocele. Ultrasound becomes useful in 
this situation, with a definitive diagnosis being made 
following radiologically guided aspiration. Once fluid is 
obtained, microbiological testing is mandatory to exclude 
the presence of  coexisting infection. ERCP is particularly 
useful in diagnosing an active leak; this may also allow 
therapeutic intervention[8]. Precise location of  the biloma 
allows for percutaneous drainage, which negates the 
need for surgical intervention. Endoscopic intervention 
includes sphincterotomy with stone extraction, if  
appropriate, to lower biliary pressure. Placement of  a 
stent in more distal lesions is an option, as this reduces 

the pressure gradient into the duodenum and facilitates 
forward flow of  bile. This also relieves obstruction from 
lesions that narrow the biliary tree. In our case, the latter 
approach was used to overcome the obstruction caused 
by the large pancreatic tumor.

Surgical management remains contentious but can be 
useful in cases of  ongoing leakage despite endoscopic 
therapy. The goals are to halt abdominal contamination 
from bile by means of  peritoneal drainage, surgical 
closure of  active leaks, and T-tube drainage[7-9].
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Abstract
The major papilla of Vater is usually located in the 
second portion of the duodenum, to the posterior 
medial wall. Sometimes the mouth of the biliary duct 
is located in other areas. Drainage of the common bile 
duct into the pylorus is extremely rare. A 73-year old 
man, with a history of duodenal ulcer, was admitted 
to hospital with the diagnosis of cholangitis. Dilatation 
of the extrahepatic biliary duct was observed by 
abdominal ultrasonography, and endoscopic retrograde 
cholangiopancreatography (ERCP) was performed. No 
area suggesting the presence of the papilla of Vater was 
found within the second duodenal portion. Finally the 
major papilla was located in the theoretical pyloric duct. 
Cholangiography was performed and choledocholithiasis 
was found in the biliary tree. The patient underwent 
dilatation of the papilla with a balloon tyre and removal 
of a 7 mm stone using a Dormia basket, which solved 
the problem without further complications. This anomaly 
increased the difficulty of performing therapeutic 
interventions during ERCP. This alteration in anatomy 
may increase the risk of complications during papillotomy, 
with a theoretically higher risk of perforation. Dilatation 
using a balloon was the chosen therapeutic technique 
both in our case and in the literature, due to its low rate 
of complications.
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INTRODUCTION
The major papilla of  Vater is usually located in the second 
portion of  the duodenum, to the posterior medial wall. 
Both the common bile duct and the main pancreatic duct 
empty into it. Sometimes the mouth of  the biliary duct is 
located in other areas along the duodenum, mainly within 
the third or the fourth portion[1-3], although it has also 
been found with a much lower frequency in the duodenal 
bulb[4-6]. In such cases it is common to find a previous 
duodenal ulcerous pathology[7]. Very rarely has the papilla 
been found in the stomach[8-10], although the frequent 
use of  endoscopic retrograde cholangiopancreatography 
(ERCP) has increased its recognition. In the literature 
we found a case in the 1930’s describing common bile 
duct drainage into the pylorus[2], and another more recent 
case of  drainage into the duodenal wall adjacent to the 
pylorus[11], however, no more cases have been published. 
We describe a case in which the mouth of  the biliary duct 
was found in the pyloric channel.

CASE REPORT
A 73-year-old patient, with a history of  digestive bleeding 
secondary to duodenal ulcer 10 years previously, presented 
to hospital due to high temperature and pain in the 
right hypochondrium. His C-reactive protein level was  
190 mg/dL, alanine-aminotransferase 40 IU/L, leucocytes 
15 500/mm3 and total bilirubin 2.62 mg/dL. Abdominal 
ultrasonography showed dilatation of  the extrahepatic 
biliary duct, with no lithiasis. After the diagnosis of  
cholangitis with increased bilirubin and dilatation of  the 
biliary duct was made, ERCP was performed. No area 
suggesting the presence of  the papilla of  Vater was found 
within the second duodenal portion. Finally the major 
papilla was located in the theoretical pyloric duct (Figure 1),  
since the patient showed a duodenal bulb which was 
deformed and post-ulcerous, having disappeared almost 
completely. The papilla did not show clear anatomical 
signs which made it inadvisable to perform a papillotomy.  
Cholangiography was carried out and choledocholithiasis 
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was found in the biliary tree (Figure 2A). The patient 
underwent dilatation of  the papilla with a balloon tyre 
and removal of  a 7 mm stone using a Dormia basket, 
which solved the problem without further complications  
(Figures 2B and 3). 

DISCUSSION
The papilla of  Vater is a bulge in the duodenal mucosa 
into which both the common bile duct and the Wirsung 
empty, sometimes shaping into a Y, or they can be 
separated by a mucosa layer making them independent.  
The most common location of  the papilla of  Vater is 
within the posterior medial wall of  the second portion of  
the duodenum. The frequent use of  ERCP has allowed 
better observation of  papillae in an ectopic location. 

Although the diagnosis of  ectopic papillae have been 
described by other types of  radiological studies such 
as computed tomography[4], X-ray of  the esophagus
gastroduodenal tract[12], intraoperative cholangiography[1] 

and echoendoscopy[5], most ectopic papillae are identified 
by ERCP. An ectopic location distal to the second 
duodenal portion, within the third and fourth duodenal 
portions, has been described frequently, and has a 
frequency rate of  5.6% to 23%[13]. Ectopic papillae are 
much less frequent in a proximal location, and a few cases 
have been located in the gastric, pylorus and duodenal 
bulb areas[14]. Filippini in 1931 described the first case 
of  papilla located in the pylorus[2], although Quintana 
and Labat[2] mentioned 3 cases of  dual drainage in the 
duodenum and pylorus. Another recent case has been 
described where the papilla was located in the posterior 
duodenal wall below the pylorus[11]. In our subject the 
papilla was located in the pylorus, with a duodenal bulb 
which was deformed due to previous ulcerous pathology.

A theory on the origin of  ectopic papillae has been 
suggested which describes their occurrence during 
embryonic formation. The liver originates in the hepatic 
diverticulum, which is divided into the hepatic pars and 
the cystic pars during embryogenesis. The hepatic pars 
then develops into both the liver and the hepatic ducts, 
while the cystic pars develops into the gall-bladder and 
the cystic duct. The common bile duct originates in the 
hepatic antrum, which is the common area of  the hepatic 
diverticulum. Boyden[15] claimed that an earlier subdivision 
of  the hepatic diverticulum could cause the common bile 
duct to empty into different locations other than the usual 
location. 

Ectopic papillae located in the bulb may be secondary 
to an ulcerous duodenal pathology, which could cause, 
due to contiguity, anomalous drainage in the duodenum[11]. 
In our patient the location of  the papilla in the pyloric 
channel might be related to the patient’s previous ulcerous 
duodenal pathology. Nevertheless, since we did not find 
signs of  the papilla in the second duodenal portion, his 
condition was probably due to a congenital malformation 
with biliary and pancreatic drainage in the posterior pyloric 
area, which could have caused the later development of  a 
duodenal ulcer. In our subject we observed the diagnosis 
requirements for an ectopic papilla as described by Lee  
et al[14], for a location in the bulb which were: (1) an orifice 
was observed in the bulb by duodenoscopy or upper 
endoscopy, and the bile duct and/or the pancreatic duct 
were directly visualized radiographically, when contrast 
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Figure 1  Endoscopic retrograde cholangiopancreatography. A: View of the 
papilla located in the pylorus (arrow head); B: Piping of the papilla.

A

B

Figure 2  Cholangiography. A: Common bile duct ending in a hook shape, 
common in proximal drainage of the papilla; B: Removal of choledocholithiasis 
with Dormia basket (arrow head).
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Figure 3  Endoscopic retrograde 
cholangiopancreatography. Balloon 
dilatation of the ectopic papilla.
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was injected via this opening; (2) there was direct drainage 
of  the common bile duct into the duodenal bulb without 
evidence of  any other drainage into the duodenum on 
cholangiography; and (3) there was no evidence of  a 
papilla-like structure in the second or third duodenal 
portion on duodenoscopic examination. Fistula secondary 
to ulcer disease or choledocholithiasis, spontaneous or 
iatrogenic surgical fistula, and surgical choledochoenteric 
diversion should be included in the differential diagnosis[8].

The clinical importance of  the ectopic location of  the 
papilla means that there is a tendency for the development 
of  choledocholithiasis through anomalous bile drainage, 
due to the lack of  a sphincter mechanism. Likewise, it can 
also lead to mucosal damage in the area, with swelling and 
ulcer formation, due to the action of  biliary pancreatic 
secretion[14]. The clinical symptoms may include recurrent 
abdominal pain, which could explain the high percentage 
of  patients undergoing cholecystectomy described in some 
series[13]. The absence of  a sphincter would allow passage 
of  the gastroduodenal contents into the main bile duct, 
possibly causing cholangitis in association with biliary 
obstruction[7,13,14]. In a recent study by Disibeyaz et al[13] 
on 39 patients where the papilla was located in the bulb, 
they detected episodic abdominal pain in 95% of  patients 
and cholangitis in 59% of  patients. The predominance 
of  male sex and an association with ulcerous duodenal 
pathology in 61.5% of  the patients should be emphasized. 
In our case, the patient had a history of  duodenal ulcer 
and was admitted to hospital suffering from cholangitis, 
which led us to think that this patient had a papilla in 
an ectopic location when we failed to find it in its usual 
location, making it necessary to check both the duodenal 
bulb and the stomach.

This anomaly increased the difficulty of  performing 
therapeutic interventions during ERCP. This alteration 
in anatomy, when there are no clear anatomic signs, may 
increase the risk of  complications during papillotomy, 
with a theoretically higher risk of  perforation, as has been 
described in the literature[13]. Balloon dilatation may be the 
chosen technique for these patients when there is a biliary 
obstruction. Its effectiveness has recently been suggested, 
especially when gallstones need to be removed, without 
relevant complications [13]. Stent installation may be 
necessary when balloon dilatation is unsuccessful and the 
patient has comorbidities which make surgery inadvisable. 
The surgical option should only be taken in these cases 
when endoscopic treatment is not effective. 

In conclusion, ectopic location of  the papilla is a 
rare finding, however, the frequent use of  ERCP may 
increase the number of  cases diagnosed. Although a distal 
location is found most frequently, a proximal location 
must be taken into account, especially in patients with a 
history of  recurrent abdominal pain, cholangitis, ulcerous 
duodenal pathology and biliary obstruction in whom the 
papilla cannot be found in its usual location during ERCP. 

Although further studies are necessary, balloon dilatation 
was the chosen therapeutic technique both in our case 
and in the literature, due to its low rate of  complications. 
Technical difficulty and a higher probability of  perforation 
when performing a papillotomy, due to the lack of  
anatomic reference, make its use inadvisable. 
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Abstract
We report a case of jejunoileal intussusception in a 
42-year-old patient with Crohn’s disease caused by a 
gastrointestinal stromal tumor. The patient complained 
of vague diffuse abdominal pain for a period of 4 mo. 
Intussusception was suspected at computer tomogra-
phy and magnetic resonance imaging scans. Segmental 
resection of the small intestine was performed. Patho-
logical examination of the surgical specimen revealed 
a gastrointestinal stromal tumor as well as aphthous 
ulcerations and areas of inflammation, which were 
characteristic of Crohn’s disease. This is the first report 
of small bowel intussusception due to a gastrointestinal 
stromal tumor coexisting with Crohn’s disease. 
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INTRODUCTION
Intussusception, defined as the telescoping of  a seg-
ment of  the gastrointestinal tract into an adjacent one, 
is extremely rare in the stomach, but more common in 
the small intestine, ileocecal junction and colon. It is 
the leading cause of  intestinal mechanical obstruction 
and the second most common surgical emergency in 
children[1]. However, it is rather infrequent in adults, ac-
counting for 0.1% of  all surgical admissions and 1%-5% 
of  mechanical bowel obstructions[2]. In these cases, it is 
frequently related to malignancy.

Gastrointestinal stromal tumors (GISTs) are a subset 
of  mesenchymal tumors of  varying differentiation. They 
are rare clinical entities, constitute less than 3% of  all 
gastrointestinal malignant neoplasms and represent only 
20% of  small-bowel malignant neoplasms (excluding 
lymphoma)[3]. With the improvement on immunohisto-
chemical staining techniques and ultrastructural evalua-
tion, GISTs are recognized as a distinct group of  mesen-
chymal tumors now[4]. 

In the current report, we present a case of  a 45-year-
old man with Crohn’s disease complaining of  inter-
mittent vague abdominal pain for a period of  4 mo. 
Enteroclysis, computer tomography (CT) and magnetic 
resonance imaging (MRI) abdominal scans showed small 
bowel intussusception, a diagnosis which was confirmed 
after surgical exploration of  the abdomen where a tumor 
causing a jejunoileal intussusception was identified. Path-
ological examination of  the surgical specimen revealed 
a gastrointestinal stromal tumor as well as inflammation 
and aphthous ulcerations, which were characteristic of  
Crohn’s disease involving small bowel. Coexistence of  
these clinical entities resulting in intussusception has 
never been reported in the literature.
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CASE REPORT
A 45-year-old man with symptoms of  bowel obstruction 
was admitted to the surgical department of  our hospital 
in April, 2008. He complained of  diffuse blunt abdomi-
nal pain preceded by two episodes of  vomiting and ob-
stipation. The patient reported similar attacks of  milder 
episodes, consisting of  intermittent abdominal pain and 
bloating for the past 4 mo. He was diagnosed as Crohn’s  
disease following gastroenterological evaluation with 
colonoscopy and terminal ileum biopsies at sites of  
ileitis 1 year ago on the grounds of  chronic diarrhea, 
cramp abdominal pain attacks and mild anemia. The pa-
tient did not receive any regular medication. Physical ex-
amination showed mild abdominal distention with slight 
tenderness and hypoactive bowel sounds. No mass was 
palpated and rectal examination did not reveal any blood 
or malignancy. Routine laboratory tests and chest films 
were normal. However, abdominal plain radiographs 
showed some small bowel air-fluid levels. The patient 
underwent a CT scan with po and intravenous contrast 
of  5-mm thick slice, which showed thickening of  the 
distal ileum wall and an intraluminal mass resulting in 
partial obstruction of  the small intestine. Sagittal fast 
spin echo (FSE) T2, FSE T2 with fat suppression and 
axial FSE T1 with 5-mm thick slice abdominal MRI 
(Figure 1) fortified the suspicion of  intussusception 
since it showed a pathognomonic bowel within bowel 
configuration. In order to secure the diagnosis, an en-
teroclysis was performed, which showed a jejunoileal 
stricture caused by invagination of  the jejunum into 
the ileum and proximal to the stenosis bowel dilatation 
(Figure 2).

Taking into account the high possibility of  a ma-
lignant mass causing bowel intussusception in an adult 
patient, laparoscopic approach was not considered in 
this case, in order to achieve the best possible oncologic 
clearance at the surgical intervention that followed. So, 
the patient underwent a laparotomy which identified a 
jejunoileal intussusception (Figure 3). An approximately 
20-cm partial small bowel resection including wide 
margins and a wedge resection of  the respective mes-
entery up to the beginning of  the feeding vessels were 
performed. The bowel lumen was longitudinally opened 
immediately following removal of  the specimen and an 
exophytic round-shaped mass of  smooth circumference 
approximately 6 cm in maximum diameter, which was 
hard at palpation, was easily appreciated. Pathological 
examination of  the surgical specimen proved the le-
sion to be a stromal tumor with an immunohistochemi-
cal profile of  c-kit (+), S-100 (-), SMA (-), desmin (-), 
EMA (-), CD34 (-), AE1/AE3 CK8.18 (-), NSE (-), and 
synaptophysin (-). The tumor was invading the muscu-
laris propria layer at the point of  the intussusception 
(Figure 4A and B). No lymph node infiltration was iden-
tified. Microscopic examination of  the remaining speci-
men disclosed findings consistent with Crohn’s disease. 
The lesion contained aphthous ulcerations and showed 
severe polymorphonuclear and lymphocytic infiltration 
as well as eosinophils and intraluminal abscesses. 

The continuity of  the small bowel was restored with 
a side-to-side entero-enteral anastomosis. The patient, 
discharged on the 7th postoperative day, following an 
uncomplicated recovery, was subjected to follow-up with 
clinical examinations and CT scans at 6-mo intervals and 
had no clinical or radiologic recurrence at the time when 
we wrote this paper.

DISCUSSION
Tumors of  the small intestine are rare and usually be-
nign. The majority of  them are leiomyomas, but adeno-
carcinomas and GISTs, although uncommon, may also 
appear. Conventional histologic methods could not pro-
duce correct diagnoses and most tumors referred to as 
leiomyomas and leiomyosarcomas in the older medical 
literature are actually GISTs. On the basis of  immuno-
histochemical and ultrastructural studies, GISTs are mes-
enchymal tumors of  the gastrointestinal tract that may 
show myogenic and/or neurogenic characteristics[5], and 
are usually asymptomatic, but they have been reported 
to present with bleeding, obstruction or perforation in 
some cases[6]. 

Intussusception is the invagination of  one bowel 
loop and its mesentery into the bowel lumen distal to it. 
It occurs when a proximal segment of  intestine (intus-
susceptum) telescopes into the intestinal segment distal 
to it (intussuscipiens), and is the second most common 
complication when tumors locate in the ileum[7]. Invagi-
nations of  the lumen may also cause gastrointestinal 

Figure 1  Abdominal MRI scan (Sagittal fast spin echo T2) revealing the 
jejunoileal intussusception.

Figure 2  Enteroclysis showing jeju-
noileal stricture caused by invagina-
tion of the jejunum into the ileum 
and proximal to the stenosis bowel 
dilatation.
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bleeding or necrosis of  the tumor. Usually patients have 
slightly enlarging tumors with no rapid onset. Their 
complaints are usually non specific and it is finally risky 
to miss the diagnosis. Our patient experienced vague 
abdominal pain for a period of  4 mo which led him to 
undergo a colonoscopy that came up normal. 

Intussusception is correctly diagnosed preoperatively 
in only one-third of  cases[7]. An accurate diagnosis of  in-
tussusception should include a good and specific medi-
cal history, a thorough physical examination, radiogra-
phy, CT, MRI and enteroclysis or even an endoscopic 
ultrasound or capsule endoscopy. Ultrasound is useful in 
confirming obstruction and may sometimes identify the 
cause[8]. However, it is highly operator-dependent. Taking 
into account the rarity of  such findings, it requires an 
experienced radiologist. In our case, ultrasound was not 
diagnostic of  intussusception. It has been recently re-
ported that CT and MRI offer great help in establishing 
the preoperative diagnosis of  intussusception[9]. On CT, 
one can diagnose a bowel intussusception within its con-
figuration, thickening of  the wall and compressed mes-
enteric fat and vessels[9]. Although not routinely reported 
in such cases, an abdominal MRI, like in our report, can 
aid to establish the preoperative diagnostic suspicion of  
intussusception. 

In contrast to childhood where intussusception is id-
iopathic in 90% of  cases and the basic underlying cause 
of  intussusception is the hypertrophy of  Payer’s patches 
activity, adult intussusception has a definable pathologic 
lesion in over 90% of  cases, with neoplasms considered 
to be the cause in 65% of  them[10]. Any intraluminal le-
sion, especially polyps, which irritates and alters normal 
peristaltic activity, is able to trigger an intraluminal in-
vagination finally causing an intussusception. Subsequent 
peristaltic bowel activity produces an area of  sequence 
constriction and relaxation, thus telescoping the lead-
ing point through the distal bowel lumen[11]. The ma-
lignancy is more likely to be located in the colon rather 
than in the small bowel. Less common etiologies of  
intussusception in adults include postoperative factors 
(adhesions, suture lines, etc.), polyps, Meckel’s disease, 
sprue, cecal duplication and intramural hematoma[1]. The 
presentation of  adult intussusception is usually subacute 
or chronic[2]. The most common symptoms are crampy 
abdominal pain, nausea, vomiting, abdominal distention 

or tenderness. Only up to 20% of  all cases present with 
complete bowel obstruction and acute onset[10]. More-
over, it has been reported that a palpable mass is present 
in 7%-42% of  the cases[11].

In the literature, five cases of  small bowel intus-
susception from a stromal tumor in adults have been 
described[5,6,10,12,13]. The most recent one was an intralu-
minal leiomyoma of  the small intestine in a 72-year-old 
female patient, which resulted in invagination and partial 
obstruction of  the jejunum[12]. Another recent report 
presented a case of  a 60-year-old woman with a jejuno-
ileal intussusception due to a myxoid stromal tumor[10]. 
Others described a GIST as the cause of  intussusception 
in a 32-year-old man and emphasized the role of  ultra-
sound in preoperative diagnosis of  the disease[13]. In an 
older report[5], a case of  a 42-year-old patient with intus-
susception of  the lower jejunum was presented and the 
patient was admitted with progressive anemia, massive 
melena and lower abdominal pain. Finally, a malignant 
GIST of  the small intestine causing small bowel obstruc-
tion due to ileal invagination has also been described[6].

Coincidence of  Crohn’s disease and gastrointestinal 
stromal tumor is extremely rare and only two cases have 
been reported to date[14,15]. The first one described a pol-
ypoid tumor within Meckel’s diverticulum in an 81-year-
old male patient with Crohn’s disease and the tumor was 
immunohistochemically proved to be a GIST[14]. The 
second report presented a 51-year-old patient with a 
high risk GIST of  the terminal ileum within an area of  
Crohn’s ileitis[15].

Figure 3  Intraoperative appearance of the jejunoileal intussusception.
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Figure 4  Histological examination (A) (HE, × 100) and c-kit immunohis-
tochemical positive staining (B) (HE, × 40) of the gastrointestinal stromal 
tumor.
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Conclusively, in the present report we describe a case 
of  a 42-year-old man with no significant medical history 
other than a 4-mo intermittent dull abdominal pain who 
presented with symptoms of  acute bowel obstruction. 
Laparotomy revealed a jejunoileal intussusception and 
histological examination of  the surgical specimen indi-
cated a GIST tumor causing the intussusception as well 
as patchy areas of  inflammation and erosions similar to 
those identified in Crohn’s disease. Coexistence of  these 
pathologically distinct and extremely rare entities has not 
been reported and represents a unique finding. 
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Abstract
Intrahepatic cholangiocarcinoma (ICC) is a relatively 
rare and highly fatal neoplasm that arises from the 
biliary epithelium. Prognosis is generally poor and 
survival is limited to a few months. Here we present 
a case of advanced ICC successfully treated by 
chemosensitivity test-guided systemic chemotherapy 
combining S-1 and cisplatin (CDDP). A 65-year-old 
woman with a liver tumor was referred to our hospital 
on November 21, 2007. Abdominal ultrasonography 
and computed tomography (CT) showed low-density 
masses of 50 and 15 mm in diameter, respectively 
in segment Ⅷ of the liver and in the enlarged lymph 
node in the para-aorta. Ultrasonography-guided fine 
needle biopsy diagnosed the tumors as ICC. Since the 
patient was inoperable for lymph node metastasis, she 
underwent systemic chemotherapy with gemcitabine. 
Six months after initiation of chemotherapy, CT revealed 
ICC progression in the liver and pleural dissemination 
with pleural effusion. The patient was admitted to our 
hospital for anticancer drug sensitivity testing on June 
9, 2008. Based on the sensitivity test results, we elected 
to administer systemic chemotherapy combining S-1 
and CDDP. Two months into the second chemotherapy 
treatment, CT revealed a reduction of the tumors in the 
liver and lymph node and a decrease in pleural effusion. 

After eight cycles of the second chemotherapy, 17 mo 
after ICC diagnosis, she is alive and well with no sign of 
recurrence. We conclude that chemosensitivity testing 
may effectively determine the appropriate chemotherapy 
regimen for advanced ICC. 
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INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) is a relatively 
rare and highly fatal neoplasm that arises from the biliary 
epithelium. Radical surgery is currently the optimal 
therapy for ICC with curative potential. However, most 
patients present with advanced disease at the time of  
diagnosis. Prognosis in these patients is poor and survival 
is limited to a few months[1].

Biliary tract carcinoma (BTC) has traditionally been 
divided into cancers of  the gallbladder, the extrahepatic 
bile ducts, ampulla of  Vater, whereas ICC has been 
classified as liver cancer. Lately, however the term BTC 
has been used to include the gallbladder, the extrahepatic 
bile ducts, ICC and the ampulla of  Vater. 

Chemotherapy has been performed in cases of  un-
resectable advanced ICC and postoperative recurrence 
of  ICC. However, a standard chemotherapeutic regimen 
has not yet been established for ICC. There are phase Ⅱ  
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trials that support the following combinations: gem-
citabine/cisplatin (CDDP), gemcitabine/oxaliplatin, 
gemcitabine/capecitabine, and 5-fluorouracil in unre-
sectable or metastatic ICC[2]. 

Chemosensitivity testing using surgical material is an 
established method to evaluate tumor response prior to 
chemotherapy[3-5]. Sensitivity, specificity and accuracy of  
chemosensitivity testing were reportedly 82.7%, 70.7% and 
73.6%, respectively[6]. Several methods are established to 
measure cancer cell viability[7]. Recently, chemosensitivity 
testing for gastric cancer treatment has been approved in 
Japan. However, it has seldom been performed for ICC, 
since ICC occurs more rarely than other gastrointestinal 
malignancies. The adenosine triphosphate (ATP) assay is 
a highly sensitive and precise method for measuring cell 
viability, and only a few dozen cells are necessary for the 
ATP assay[8,9]. Very few reports of  chemosensitivity testing 
used surgical material from ICC. This is the first report 
concerning chemosensitivity testing using the ATP assay 
for patients with unresectable ICC. We present a case of  
advanced ICC successfully treated by chemosensitivity test-
guided systemic chemotherapy combining S-1 and CDDP.

CASE REPORT
A 65-year-old woman was examined in a follow-up visit 
at a local hospital for fatty liver 1 year post-diagnosis on 
October 30, 2007. Although she exhibited no symptoms, 
abdominal ultrasonography revealed tumors in the liver, 
and she was referred to our hospital on November 21, 
2007. Her past medical and family histories were not 
remarkable. She did not consume alcohol. On admission, 
her conjunctivae were not jaundiced, and heart and 
respiratory sounds were normal. The liver, spleen and 
tumor were not palpable. 

Laboratory findings on admission were as follows: as-
partate aminotransferase 24 IU/L (normal, 13-33 IU/L), 
alanine aminotransferase 39 IU/L (normal, 6-27 IU/L), 
γ-glutamyl transpeptidase 26 IU/L (normal, 10-47 IU/L) 
and alkaline phosphatase 240 IU/L (normal, 115-359 IU/L).  
Assays for hepatitis B surface antigen and hepatitis C 
virus antibody were negative. All tumor markers tested 
showed normal values: specifically, 1.8 ng/mL for CEA 
(criterion, < 5.0), 5.8 U/mL for CA 19-9 (criterion, < 37), 
6.2 ng/mL for AFP (criterion, < 10.0), 10 mAU/mL for 
PIVKAII (criterion, < 40).

Abdominal ultrasound and computed tomography (CT) 
scan with contrast enhancement revealed a low-density 
mass, measuring 50 and 15 mm in diameter, in segment 
Ⅷ of  the liver. The tumor did not show enhancement 
during the arterial phase but did show peripheral rim 
enhancement during the portal phase. The CT scan 
also revealed an enlarged lymph node in the para-aorta  
(Figure 1). The portal vein was intact until the third branch. 
Chest X-ray and a CT scan revealed no pleural metastasis.

Ultrasonography-guided fine needle biopsy was per-
formed at the main tumor of  the liver on November 22, 
2007. Microscopic examinations showed tubular adenocar-
cinoma (Figure 2). Gastroendoscopy and colonoscopy did 
not show any other malignancy. Subsequently, the tumor 
was diagnosed as ICC with intrahepatic metastasis and 

lymph node metastasis. Since the patient was inoperable for 
lymph nodes metastasis, she underwent systemic chemo-
therapy with gemcitabine (800 mg/m2, 30 min iv infusion), 
which was administered on days 1, 8 and 15, and repeated 
every 4 wk. Six months after initiation of  chemotherapy, 
CT revealed ICC progression in the liver and pleural dis-
semination with pleural effusion (Figures 3 and 4). The 
patient was admitted to our hospital for anticancer drug 
sensitivity testing on June 9, 2008. Cultures and ATP as-
says were performed as described previously[5]. Cell viabil-
ity was evaluated by measuring the intracellular ATP level 
using bioluminescence as described by Kangas et al[10].  
Based on the sensitivity test results, we elected to admin-
ister systemic chemotherapy combining S-1 and CDDP 
(S-1 80 mg/m2 per day orally administered for 3 wk, 

B

A

Figure 1  Computed tomography (CT) of the tumor on first admission. CT 
shows a low-density lesion with rim enhancement in segment Ⅷ of the liver 
(black arrows) (A) and enlarged lymph node in the para-aorta (white arrow) (B). 

Figure 2  Hematoxylin-eosin staining. Cuboidal cancer cells with chromatin-
rich nuclei had proliferated invasively, forming indistinct glandular structures.
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CDDP 60 mg/m2 iv infusion administered on day 8, 
and repeated every 5 wk) (Figure 5). She had symptoms 
of  cough in July 2008. Two months into the second 
chemotherapy treatment, she had no symptoms and CT 
revealed a reduction in the tumors of  the liver and lymph 
node and a decrease in pleural effusion (Figures 3 and 4). 
Side effects and complications of  chemotherapy were tol-
erable, and she experienced only grade-1 nausea. CDDP 
added to S-1 might worsen nausea. After eight cycles of  
the second chemotherapy regime, 17 mo after ICC diag-
nosis, she is alive and well with no sign of  recurrence. 

DISCUSSION
Although radical surgery is considered the most effec-
tive therapy for ICC, only 20% of  patients present with 
resectable disease[11]. Without surgery, ICC is a rapidly fatal 
disease with a 5-year survival rate of  less than 5%[12], while 

2008-05                                            2008-07                                           2008-09                                            2009-02

Figure 3  Reduction in tumors in the liver and lymph node following chemotherapy.

2008-05                                            2008-07                                           2008-09                                            2009-02

Figure 4  Decreased pleural metastases following chemotherapy.

Figure 5  Cell viability evaluated by measuring the intracellular ATP level 
using bioluminescence. The T/C (treated/control) ratio, or the ratio of ATP 
quantity of a tumor sample treated with anticancer drugs to that of the control, 
was used as the index of chemosensitivity.
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in curative resections the 5-year survival rate approaches 
20%-35% in cases with negative surgical margins[13]. In the 
present case, to our surprise, the patient with unresect-
able ICC survived more than 17 mo with chemotherapy. 
The role of  systemic chemotherapy in unresectable ICC 
is undefined. Although chemotherapy has been reported 
to be more beneficial than the best supportive care[14], no 
standard chemotherapy regimen has yet been identified. 
Most promising approaches involve the use of  single agents 
such as gemcitabine, which has been shown to be an ef-
fective therapy for BTC in phase Ⅱ trials[15,16]. Response 
rates for gemcitabine ranged from 8% to 36% and overall 
survival times from 6.3 to 16 mo. S-1 is a novel oral fluo-
ropyrimidine agent, which contains tegafur, gimeracil and 
oteracil potassium. Gimeracil is a competitive inhibitor of  
dihydropyrimidine dehydrogenase and achieves higher con-
centrations of  5-fluorouracil in plasma and tumor tissues[17]. 
Fluoropyrimidines have known synergistic effects with 
CDDP[18], and combinations of  S-1 and CDDP are report-
edly effective therapies for patients with advanced BTC in 
phase Ⅱ trials[19]. In the present case, we selected gemcitabi-
ne as first line chemotherapy, because gemcitabine has been 
extensively evaluated in patients with metastatic BTC.

Chemosensitivity testing using surgical material is an 
established method for evaluation of  tumor response prior 
to chemotherapy. Several methods have been established 
for measurement of  cancer cell viability. However, it 
has seldom been performed in ICC, since ICC occurs 
more rarely than gastrointestinal malignancies and the 
prognosis of  ICC is poor. There have been few reports 
of  chemosensitivity testing using surgical material for ICC 
without the ATP assay[20-22]. The ATP assay is a highly 
sensitive and precise method used to measure cell viability. 
The ATP assay has been shown to be a good predictor of  
response to chemotherapy in other tissue types, such as 
breast cancer, ovarian cancer, colorectal adenocarcinoma, 
melanoma and lung cancer. The assay predicts that 
anticancer drugs with a lower treated/control (T/C) ratio 
(< 0.6) are more sensitive. In the present case, based on the 
results of  chemosensitivity testing, we selected systemic 
chemotherapy combining S-1 and CDDP. Ultimately, 
in vitro ATP chemosensitivity testing was useful. Since 
5-fluorouracil has considerable toxic effects and entails the 
inconvenience of  continuous iv infusions, we selected S-1 
as an alternative to 5-fluorouracil. Although the T/C ratio 
combining gemcitabine and CDDP was more sensitive 
than that combining S-1 and CDDP, we did not select the 
former combination since gemcitabine administration on 
its own did not halt disease progression.
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Abstract
Spontaneous or traumatic intramural bleeding of the 
esophagus, which is often associated with overlying 
mucosal dissection, constitutes a rare spectrum of 
esophageal injury called dissecting intramural hema-
toma of the esophagus (DIHE). Chest pain, swallowing 
difficulty, and minor hematemesis are common, which 
resolve spontaneously in most cases. This case report 
describes a patient with spontaneous DIHE with recur-
rent massive bleeding which required critical manage-
ment and highlights a potential role for therapeutic 
angiography as an alternative to surgery. 

© 2009 The WJG Press and Baishideng. All rights reserved.
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INTRODUCTION
Dissecting intramural hematoma of  the esophagus (DIHE) 
is a rare but well-known esophageal injury[1,2]. It is char-
acterized by a concentric or eccentric intramural hema-
toma associated with dissection of  the esophageal wall[2]. 
Forceful vomiting, mechanical insult, and underlying co-
agulopathy are common causes. It can also occur sponta-
neously without any evident cause[3]. DIHE is considered 
a benign disease. The hemorrhage from DIHE does not 
have clinically significant consequences, although in rare 
cases massive bleeding with hypovolemic shock can oc-
cur. We report a case of  DIHE presenting as recurrent 
massive intraluminal bleeding that was treated by transar-
terial embolization.

CASE REPORT
A 57-year-old man visited the emergency room com-
plaining of  a sore throat and difficulty swallowing for 
5 d. He had a history of  alcoholic liver cirrhosis (Child-
Pugh class B), but he continued drinking. Laryngoscopy 
and cervical computed tomography (CT) revealed severe 
laryngopharyngitis. Upper gastrointestinal endoscopy 
showed marked laryngeal edema and a small ulceration 
in the upper esophageal sphincter. There was no intralu-
minal mass, except for small varices in the distal esopha-
gus. The gastric mucosa was moderately congested. The 
patient denied any history of  cervical trauma or instru-
mentation. He was treated medically with antibiotics, and 
his initial symptoms subsided within 5 d.

One week later, the patient complained that he 
regurgitated blood from the throat. He continued to 
spit up small volumes of  fresh blood repeatedly. His 
hemoglobin dropped from 13.9 to 6.5 g/dL, and 4 U of  
packed red cells were transfused. Emergency endoscopy 
revealed a small opening in the cervical esophagus and 
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mucosal bridging with a large mucosal defect around the 
esophagogastric junction (Figure 1). Active bleeding was 
detected from a vessel exposed on the ulcer base in the 
cardia. After hemostasis with endoscopic clipping, his vital 
signs and hemoglobin stabilized. Chest CT performed 
because of  the esophageal lesions revealed dissection of  
the wall and a large circumferential intramural hematoma 
in the esophagus (Figure 2). Based on the endoscopy and 
chest CT findings, DIHE with cardiac ulcer bleeding was 
diagnosed. The patient was treated conservatively without 
oral intake.

Eight days later, the hematemesis recurred. Conser-
vative treatment with massive transfusion of  packed red 
cells and fresh frozen plasma was ineffective. Endoscopy 

showed no bleeding at the previously treated site. How-
ever, continuous oozing of  blood from the distal esoph-
agus was observed. His vital signs were unstable.

Since surgery was very risky due to underlying liver 
cirrhosis, less invasive celiac angiography was performed 
for hemostasis. A small hyperstaining pseudoaneurysmal 
lesion was observed at an esophageal branch of  the 
left gastric artery (Figure 3). The branch was embolized 
using glue and lipiodol. After the procedure, the patient’s  
vital signs and hemoglobin stabilized. However, he 
experienced a few bouts of  minor hematemesis 10 d 
later. Transarterial embolization using glue and coils was 
reattempted, and no further bleeding occurred. Follow-
up chest CT 4 wk later showed a resolving hematoma 
and double lumens separated by the dissected mucosa. 
The embolization site was seen as focal lipiodol uptake in 
the distal esophagus (Figure 4). Endoscopic examination 

B

A

Figure 1  Endoscopic view. A: A small opening in the cervical esophagus; B: 
Mucosal bridging with a large mucosal defect in the esophagogastric junction.

BA

Figure 2  Chest CT images. A: The transverse view of the proximal esophagus 
shows a concentric intramural hematoma and mucosal dissection with an air-
fluid level in the false lumen (arrow). Bilateral pleural effusions are seen; B: The 
sagittal view shows an extensive intramural hematoma of the esophagus.

Figure 3  Celiac angiography 
showing a hyperstaining pseu-
doaneurysmal lesion (arrow) 
in an esophageal branch of the 
left gastric artery. The branch 
was embolized using glue and 
lipiodol.

B

A

Figure 4  Follow-up chest CT. A: The transverse view of the proximal esophagus 
showing a resolved intramural hematoma and improved dissection (arrow); B: The 
embolized lesion is seen as focal lipiodol uptake in the distal esophagus (arrow).
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was declined. Supportive care with parenteral nutrition 
was maintained. The patient was discharged without 
complications after 6 wk.

DISCUSSION
The esophagus is susceptible to various extrinsic injuries 
(from ingested foods, instruments, and bougienage) or 
intrinsic sheering forces induced by retching, vomiting, 
or coughing. DIHE lies in the spectrum of  esophageal 
injuries between a mucosal tear (Mallory-Weiss syn-
drome) and a transmural laceration (Boerhaave’s syn-
drome)[2,4]. Although these syndromes are usually associ-
ated with severe vomiting, DIHE is not always caused by 
emesis[4]. One out of  five patients reports no history of  
trauma. However, an underlying coagulopathy is found 
in many patients with so-called spontaneous DIHE[1]. 
Portal hypertension and endoscopic variceal sclerothera-
py are also associated with DIHE in cirrhotic patients[5]. 
Although the direct cause was not clear in this present 
case, the cervical esophageal ulcer and underlying portal 
hypertension may have been precipitating factors.

Acute chest pain is a common presenting symptom 
and should be differentiated from acute myocardial 
infarction and aortic dissection[6]. Hematemesis and 
difficulty swallowing may ensue, and these are helpful for 
differentiating from other critical diseases. The typical 
triad of  DIHE (chest pain, dysphagia, and hematemesis) 
is evident only in one third of  cases[1]. Therefore, the 
rarity of  DIHE and atypical symptoms can delay correct 
diagnosis. In our case, repeated hematemesis with 
hypovolemia was the only clinical feature.

DIHE is generally benign. Most patients recover fully 
with conservative management[1]. Esophageal obstruction 
and major bleeding constitute two major complications 
of  DIHE. Esophageal obstruction by the hematoma 
may cause or aggravate difficulty swallowing. Successful 
endoscopic decompression or surgical treatment have 
been reported in such cases[7,8].

A major intraluminal hemorrhage seems to be 
caused by overlying mucosal rupture and evacuation of  

the hematoma, however, the exact mechanism remains 
unclear. Although half  of  patients are reported to 
experience hematemesis, the volume of  bleeding is usually 
small, and major bleeding with hypovolemic shock is 
uncommon.

We reviewed 119 patients who were presented in 87 
English-language reports since 1968. Major bleeding 
was defined as more than 500 mL hematemesis with 
hypovolemic shock or bleeding that required transfusion 
of  at least 4 U. Eleven cases (9.2%), including the present 
case, were collected and summarized in Table 1[9-18]. Seven 
cases were elderly patients (five females and two males). 
The bleeding was attributed to anticoagulation therapy in 
three cases[10,11,18]. The majority were treated conservatively. 
However, this type of  treatment was not always effective. 
An elderly patient who was treated conservatively died 
after 5 d[10]. Two patients were treated with surgery[13,16]; 
one of  them had a 5-cm longitudinal tear with a pulsatile 
bleeding vessel between 25 and 30 cm from the alveolar 
ridge on endoscopy, and the active arterial bleeder was 
identified and treated with an emergency thoracotomy[13]. 
In our case, angiography located and treated the bleeding 
site at an esophageal branch of  the left gastric artery. 
Extensive DIHE and major bleeding might be caused 
by a small bleeding artery. In this situation, therapeutic 
angiography may be effective.

Therapeutic angiography has been used to control 
major non-variceal gastrointestinal bleeding and has been 
reported to be safe, effective, and durable[19]. It is usually 
considered when endoscopic therapy has failed or when 
emergency surgery carries a high risk of  mortality. It has 
also been effective in the hemostasis of  uncontrolled 
Mallory-Weiss syndrome[20] and in the treatment of  a 
giant gastric intramural hematoma[21]. 

In conclusion, massive intraluminal bleeding can be 
a complication of  DIHE. Although most bleeding in 
DIHE can be managed medically, prompt, appropriate 
treatment should be attempted in hemodynamically 
unstable patients. In such cases, therapeutic angiography 
may be a useful treatment alternative to surgery.

Table 1  Summary of 11 patients with dissecting intramural hematoma of the esophagus presenting major hemorrhage

Ref. Sex/age (yr) Underlying diseases Precipitating factor Primary symptoms Treatment Outcome

Atefi et al[9] M/29 Diabetes Retching Hematemesis Conservative Died
Pneumonia

Hemodialysis
Kerr[15] F/72 Hypertension None Epigastric pain Conservative Resolved
Ortiz[16] F/80 None Food (rice) Chest pain, dysphagia Surgical Died 
Freeman et al[14] F/59 None None Chest pain Conservative Resolved
de Vries et al[12] M/88 None Minor head trauma Retrosternal pain Conservative Resolved
Folan et al[13] M/58 Alcoholism Vegetable (broccoli) Dysphagia Surgical Resolved
Takaoka et al[17] F/87 Suppurative cholangitis Nasobiliary catheter Hematemesis Conservative Resolved
Cullen et al[11] F/74 Hypertension Heparin IV Chest pain, dysphagia Conservative Resolved
Yamashita et al[18] F/67 Cerebral aneurysm Heparin IV Hematemesis Conservative Resolved

Retching
Bandyopadhyay et al[10] M/86 Hypertension Warfarin Hematemesis Conservative Died

Ischemic heart disease
Present case M/57 Liver cirrhosis None Hematemesis Therapeutic 

angiography
Resolved 
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Abstract
Giant esophageal inflammatory fibrous polyp (especially 
> 17 cm in size) is seen rarely. Endoscopic removal has 
been reported rarely because the procedure is technically 
demanding and the hemostasis is difficult to ascertain. 
Here, we describe a case of a giant upper esophageal 
inflammatory fibrous polyp that was resected successfully 
by endoscopy.

© 2009 The WJG Press and Baishideng. All rights reserved.

Key words: Digestive system endoscopic surgery; Polyps; 
Endosonography; Esophageal neoplasms; Hemostasis; 
Endoscopic; Middle aged

Peer reviewer: Nageshwar D Reddy, Professor, Asian Institute 
of Gastroenterology, 6-3-661, Somajiguda, Hyderabad - 500 
082, India

Zhang J, Hao JY, Li SWH, Zhang ST. Successful endoscopic 
removal of a giant upper esophageal inflammatory fibrous polyp. 
World J Gastroenterol 2009; 15(41): 5236-5238  Available 
from: URL: http://www.wjgnet.com/1007-9327/15/5236.asp  
DOI: http://dx.doi.org/10.3748/wjg.15.5236

INTRODUCTION
Giant esophageal inflammatory fibrous polyp (especially > 
17 cm in size) is seen rarely[1]. Surgical excision is usually 
advised[2-5]. Endoscopic removal has been reported rarely[6] 
because the procedure is technically demanding and 
hemostasis is difficult to ascertain. Here, we described a 
giant upper esophageal inflammatory fibrous polyp that 
was resected successfully by endoscopy.

CASE REPORT
A 50-year-old man presented to our hospital with a 6-mo 
history of  progressive difficulty in swallowing, initially, 
solid and then liquid food for the past 2 mo. Physical 
examination and blood tests, including coagulation pa-
rameters, were normal. Barium swallow revealed a 17-cm 
polypoid filling defect inside the esophagus that moved 
with deglutition (Figure 1). Contrast thoracic computed 
tomography (CT) revealed a localized isodense upper 
esophageal lesion, which was free from the lower part 
of  the esophagus. The esophageal wall was intact and 
there was no evidence of  infiltration into adjacent or-
gans or any mediastinal lymphadenopathy. Gastroscopy 
showed a giant polyp with smooth overlying mucosa, 
extending from 18 to 35 cm (measured from the inci-
sors), and endoscopic ultrasonography (EUS) revealed 
well-distributed, low-echo-level lesions at the root of  the 
polyp, excluding echoless lumen-like structures (no large 
blood vessels inside the lesions) (Figure 1). Therefore, 
the esophageal polyp was a benign lesion. Endoscopic 
removal of  the polyp with an electrosurgical snare was 
attempted, using the ICC 200 (ERBE, Tubingen, Ger-
many). The procedure was performed under general 
anesthesia with elective intubation and airway protection. 
Equipment for hemostasis, including hemoclips, Coag-
rasper, injection needle and adrenaline for injection was 
prepared before the procedure. 

Firstly, we inserted a detachable loop of  appropriate 
stiffness and size through the biopsy channel. Then, the 
detachable loop was placed from the base to the neck 
of  the esophageal polyp. The loop was closed gradually 
and the polyp was lifted away from the esophageal wall. 
Polypectomy was performed and air was inflated to 
distend the esophagus. The setting of  the electrosurgical 
units was as follows: COAG mode (effect 350 W) was 
first applied for 2 s, so that the small blood vessels over 
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the mucosa were coagulated. Then, we employed the 
endo-cut mode (effect 380 W) to CUT. Near the end of  
polypectomy, COAG mode was resumed to minimize 
bleeding from the central blood vessel. Adequate air 
insufflation and distension of  the esophagus minimized 
the risk of  burning and esophageal perforation. Only 
minor bleeding was noted at the polypectomy site. 
The hemostasis was achieved securely with 1:10 000 
adrenaline injection and application of  two hemoclips 
over the polypectomy site (Figure 2). 

In addition, a 16-Fr nasogastric tube was placed 
to remove all the blood and gastric fluid during the 
procedure (Figure 2). If  the esophageal polyp failed 
to be removed or there was any complication, an on-
site thoracic surgeon assessed the patient urgently for 
operation.

The resected esophageal polyp specimen (Figure 3) 
was retrieved with the snare and sent to the pathology 
laboratory for pathological examination. Hematoxylin and 
eosin (HE) staining of  the removed esophageal specimen 
showed the presence of  lots of  fibroblasts, with some 
adipocytes, plasma cells and acidophilic cells (Figure 3). 
Immunostaining revealed CD 117 (-), CD 34 (-), S-100 
(-), desmin (-), actin (-), cytokeratin (-), HMB45 (-) and 
vimentin (+) (Figure 3). The histological diagnosis was 

A B C

Figure 1  Imaging of esophageal polyp. A: Barium swallow showed a giant esophageal polyp (arrow), which was free from the middle and lower esophageal wall; 
B: Gastroscopy showed the polyp with smooth overlying mucosa (at 18 cm from the incisors); C: EUS revealed well-distributed, low-echo-level lesions at root of the 
polyp (white arrows), excluding echoless lumen-like structures.

A B C

Figure 2  Esophageal polyp removal. A: Residual polyp (white arrow) after polypectomy at the left wall of the esophagus (18 cm from incisor). A nasogastric tube (black 
arrow) used for suction (size 16 Fr) was placed over the right wall of the esophagus; B: Hemoclips (white arrow) were applied to the residual polyp; C: After application 
of the hemoclips (black arrow) to the residual polyp (white arrow).

CB

A

Figure 3  Polypectomy specimen and its pathology. A: The resected 
esophageal lesion measured 17 cm in length, and the neck, body and tail 
of the lesion measured 1, 3 and 5 cm, respectively; B: HE staining (original 
magnification, × 200) showed the presence of lots of fibroblasts, with some 
acidophilic cells, plasma cells and adipose cells; C: Immunostaining (original 
magnification, × 200) for vimentin showed strong staining of the cells.
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inflammatory fibrous polyp. The patient remained well 
and was discharged 1 wk after the procedure. Follow-up 
gastroscopy 4 wk later was normal.

DISCUSSION
Inflammatory fibrous polyp, also known as inflammatory 
pseudotumor, is a benign intraluminal tumor that con-
sists of  a mixture of  inflamed fibrous, granulation tissue 
and lipomatous elements, which is covered by normal 
squamous epithelium[7]. Giant esophageal inflammatory 
fibrous polyp (especially > 17 cm in size) is seen rarely[1,8]. 
The presenting symptoms of  dysphagia and sensation of  
a mass in esophageal inflammatory fibrous polyp are the 
same as in other esophageal tumors (such as leiomyoma 
and gastrointestinal stromal tumor), unless there is devel-
opment of  regurgitation of  the polyp through the mouth 
or asphyxiation[9]. Some cases may stay asymptomatic or 
with heartburn for a long time[10,11]. Inflammatory fibroid 
polyps should be considered in the differential diagnosis 
of  submucosal and polypoid esophageal masses, although 
distinctive radiographic features are not found[12]. Usually, 
the diagnosis is made by imaging or endoscopic stud-
ies. Barium-enhanced contrast of  the esophagus usually 
shows a sausage-shaped mass with multiple filling defects, 
which originates in the cervical esophagus and extends 
to the lower esophagus[10]. Endoscopy usually shows an 
intraluminal mass that is mobile and covered with normal 
mucosa. Careful examination of  the upper esophageal 
sphincter may reveal the stalk of  the pedunculated mass. 
It is not difficult to distinguish esophageal inflammatory 
fibrous polyp from leiomyoma, which is usually relatively 
flat, and non-pedunculated intramural lesions in the mid-
dle and lower third of  the esophagus[13]. EUS has been re-
ported as a method to demonstrate the submucosal origin 
of  analogical polyps[14,15].

As a result of  its special origin, there may be uncon-
trollable bleeding during endoscopic resection. Endo-
scopic removal of  giant upper esophageal lesions requires 
thorough assessment before the procedure. Therefore, 
multiple modalities (barium, CT, EUS and gastroscopy) 
are important to delineate the nature and origin of  the 
lesion. EUS provides information on the diameter of  
the polyp as well as its vascularity and insertion point[6]. 
Special precautions during hemostasis and elective airway 
protection are necessary to prevent bleeding and aspira-
tion. The placement of  the nasogastric tube, adequate in-
sufflation and distension of  the esophagus can minimize 
the risk of  burning and esophageal perforation. The site 
of  snare polypectomy should be kept away from the base 
of  stalk to prevent esophageal perforation. Advances in the 
techniques of  endoscopic treatment and the improvement 

of  endoscopic accessories make endoscopic removal of  
giant esophageal polyps feasible. Post-polypectomy he-
mostasis can be achieved with adrenaline injection and 
hemoclips. If  hemostasis fails, one can use Coagrasper to 
coagulate even a small area of  bleeding.

In conclusion, with thorough assessment with mul-
tiple imaging modalities, and the availability of  good en-
doscopic accessories, giant upper esophageal inflamma-
tory fibrous polyp can be resected by endoscopy safely 
and successfully.
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Abstract
Only a few cases of pedunculated hepatocellular car-
cinoma (P-HCC) have been reported in the literature. 
The common sites of extrahepatic metastases in pa-
tients with HCC are the lungs, regional lymph nodes, 
kidney, bone marrow and adrenals. Metastasis to 
spleen is mostly via  hematogenous metastasis, direct 
metastasis to spleen was very rare. We report a case 
of P-HCC presenting as a left upper abdominal lesions 
which involved the spleen that was actually a P-HCC 
with splenic metastasis. This case is unique as P-HCC 
directly involved the spleen which is not via  hematog-
enous metastasis.
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INTRODUCTION
The pedunculated hepatocellular carcinoma (P-HCC) 
which protrudes from its pedicel or presents as epibiotic 
mass almost making no invasion into the liver, is a rare 
exception to the gross type[1,2]. To date, only a few cases 
have been reported[2-4]. The common sites of  extrahepatic 
metastases in patients with hepatocellular carcinoma (HCC) 
are the lungs, regional lymph nodes, kidney, bone marrow 
and adrenals, which is via hematogenous metastasis. The 
P-HCC directly invading the spleen not via hematogenous 
metastasis is extremely rare. In this report, we describe a 
case of  P-HCC which directly involved the spleen.

CASE REPORT
A 68-year-old man with HBV-related cirrhosis was 
admitted to our hospital because of  left flank pain and 
loss of  weight for a forty-day duration. A mass lesion 
could be touched in left upper abdomen. AFP level was 
166.02 ng/mL, CA125, CA199 and CEA were negative. 
HBVDNA level was 1.51 × 104 copies/mL. Sonographic 
and CT scan showed a 17 cm × 14 cm × 10 cm tumor 
between left hepatic lobe and spleen, which also involved 
the upper pole of  spleen and almost made no invasion 
into the liver (Figure 1). Celiac and hepatic arteriography 
displayed mass lesions taking blood from left hepatic 
artery, splenic artery and left inferior phrenic artery, and 
transarterial chemoembolization was performed (Figure 2). 
Image-guided biopsy of  tumor was consistent with HCC. 

At operation, mild cirrhosis was found in the liver, 
a large tumor lied in the left upper abdomen between 
left hepatic lobe and spleen. The upper pole of  spleen 
was involved, almost making no invasion into the liver, 
gastrointestine and pancreas (Figure 3). He underwent 
spleen, tumor and partial left hepatic lobe resection in 
January 2008. The loss of  blood was 1000 mL in total. 
HCC and splenic metastasis were confirmed by pathological 
examination (Figure 4). The postoperative clinical course 
was uneventful, with a negative follow-up for clinical and 
radiological investigation at 17 mo after surgery.

DISCUSSION
The P-HCC has been reported to occur in 0.24%-3.0% 
of  all HCC patients[5]. Hematogenous metastasis to spleen 
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is very rare with a reported prevalence of  0.7%-0.8% in 
HCC patients[6,7], but it is probably more common than 
direct metastasis.

Preoperative differential diagnosis between metastatic 
or primary splenic tumors is difficult. High levels of  
AFP (> 1210 ng/mL) may contribute to the diagnosis 
of  P-HCC. With improvement in diagnostics such as 
angiography and CT scan, the preoperative diagnosis is 
feasible in patients with negative or mild increase of  AFP 
level. In this patient, selective celiac arteriography showed 
a tumor fed by hepatic artery, splenic artery and left 
inferior phrenic artery, from which we can judge the blood 

supply and diagnose the tumor. Image-guided biopsy of  
tumor was utilized to confirm the presence of  HCC when 
the imaging study could not draw a conclusion.

DCBA

Figure 1  CT scan in abdomen showing a mass tumor between left hepatic lobe and spleen directly involving the upper pole of spleen and almost making 
no invasion into the liver (A-D).

A B

Figure 2  Celiac and hepatic arteriography confirmed the mass lesions 
taking blood from left hepatic artery and splenic artery (A) and inferior 
phrenic artery (B).

Table 1  Previous cases reported in literature with HCC and splenic metastasis

Authors Age (yr)/
sex

Metastasis type Clinical manifestations Intrahepatic metastasis at time 
of splenic metastasis

Metastasis to other organs

Filik et al[6] 62/W H Severe ascites and abdominal pain Multiple HCC None
47/M H Right flank of pain HCC None

Hanada et al[7] 59/M H Asymptomatic Multiple HCC Adrenal gland
69/W H Not described None None
67/M H Not described None Lung

Yamamoto et al[11] 68/W H Abdominal fullness Single HCC None
61/M H Swelling cervical lymph nodes HCC Cervical lymph nodes

Fujimoto et al[12,13] 62/M H LUQ mass None None
62/M H Spontaneous rupture of spleen HCC None

Horie et al[14] 62/W H Spontaneous rupture of spleen HCC None
Katoh et al[17] 55/M H Not described HCC None
Iwaki et al[8] 60/M H Asymptomatic Multiple HCC Lung and jejunal
Sumiya et al[16] 78/M H Spontaneous rupture of spleen None Lung
Hayashi et al[15] 76/M H Asymptomatic None None
Hama et al[9] 61/M H Asymptomatic Multiple HCC Lung
Nakamura et al[10] 54/M H Asymptomatic Multiple HCC Lung

HCC: Hepatocellular carcinoma; H: Hematogenous metastasis; LUQ: Left upper quadrant.

Figure 3  Postoperative 
photography showing the 
lesions directly involving 
the upper pole of spleen.

Figure 4  Histopathology show-
ing the splenic metastasis of 
hepatocellular carcinoma (HE, 
× 40).

5240    ISSN 1007-9327    CN 14-1219/R     World J Gastroenterol     November 7, 2009     Volume 15    Number 41



www.wjgnet.com

The intrahepatic metastasis from HCC occurs mostly 
commonly via the portal vein, which is followed by 
hematogenous metastasis to the lungs and bone, lymph 
node metastasis, direct metastasis and peritoneal metastasis. 
Previous cases in the literature with HCC and splenic 
metastasis are summarized in Table 1[6-17]. Metastasis to 
spleen occurred hematogenously in previous cases. In 
the present case, the splenic metastasis occurred directly. 
The cumulative survival rates of  extrahepatic metastasis 
of  HCC were very poor. Such lesions in the case may not 
represent remote metastases, but they are actually HCC 
with extended invasion to the spleen. Whether splenic 
metastasis happens directly or hematogenously should 
be distinctive and the resection of  P-HCC and splenic 
metastasis can be curative in the former. The distinction 
between the two is important, as it affects the stage, 
prognosis and management of  the patient. Although 
the long-term outcome of  resection for such splenic 
metastasis is unknown, direct splenic metastasis of  P-HCC 
can be easily controlled to obtain gross disease clearance 
and may achieve better long-term survival.

In conclusion, splenic metastases of  P-HCC are 
difficult to distinguish from primary splenic tumors, even 
with modern imaging studies. The treatment involves 
resection and surgical exploration, whenever possible.
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Abstract
The term “hemangioma” refers to the common tumor 
of infancy that exhibits rapid postnatal growth and slow 
regression during childhood. It may cause confusion 
with venous malformations that are often incorrectly 
called “cavernous hemangioma”. Venous malformations 
comprise abnormally formed channels that are lined by 
quiescent endothelium. Accurate diagnosis is required 
for selecting the appropriate treatment.
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TO THE EDITOR
With regard to the article entitled “Large cavernous 
hemangioma in the cecum treated by laparoscopic ileo-
cecal resection” by Huh et al[1] published recently on the 
World Journal of  Gastroenterology, there are some pertinent 
considerations. In 1982, Mulliken and Glowacki[2] classi-
fied vascular lesions into vascular tumors (infantile hem-
angioma, rapidly involuting congenital hemangioma, 
non-involuting congenital hemangioma, kaposiform 

hemangioendothelioma and tufted angioma) and vascu-
lar malformations (arteriovenous malformation, venous 
malformation, lymphatic malformation, lymphatic-
venous malformation, and capillary malformation). In 
1996, the International Society for the Study of  Vas-
cular Anomalies approved this classification system to 
establish a common language for the many different 
medical specialists who are involved in the management 
of  these lesions. A great variety of  vascular anomalies is 
incorrectly referred to as “hemangiomas” in the medical 
literature and a significant number of  patients receive 
ineffective and potentially harmful treatment based on 
misclassification. Hemangiomas are usually not present 
at birth; they proliferate during the first year of  life; and 
then they involute. They are composed of  proliferating 
endothelial cells. Venous malformations consist of  dys-
plastic vessels and are present on a lifelong basis. Un-
like hemangiomas, there is no proliferation phase. They 
seem to grow because the vessels progressively dilate 
and they do not present a regression phase[3]. Histologi-
cal findings in venous malformations consist of  large, 
dilated, blood-filled vessels lined by flattened endothe-
lium as reported in the article.

After close examination of  the reported case of  
“cavernous hemangioma”, we support the diagnosis 
of  venous malformation in the cecum. Colonic venous 
malformations are often mistaken for tumors because 
of  a similar presentation (from a vague blue patch to a 
soft blue mass as described in the article) and improper 
nomenclature. The term “cavernous hemangioma” is 
frequently used to name a venous malformation. These 
lesions may cause chronic and acute gastrointestinal 
hemorrhage.

Sclerotherapy of  venous malformations is an ef-
fective treatment and seems to be the best therapeutic 
option, although the surgical resection is preferred for 
venous malformations localized in the colon in case 
of  bleeding. Although these vascular malformations 
generally are incompletely resectable because of  diffuse 
pelvic and mesenteric involvement, the goal is to abate 
bleeding by excluding the lesion from the gastrointes-
tinal lumen. The minimally invasive surgical procedure 
performed by the authors of  this article seems to be ap-
propriate since the venous malformation was removed 
from the lumen. Other procedures like colectomy with 
mucosectomy and endorectal pull-through should be 
considered for diffuse venous malformations of  the 
colorectum[4].
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Text
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