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Abstract
More than 170 million people worldwide have chronic 
hepatitis C. Acute hepatitis C is rarely diagnosed because 
it is commonly asymptomatic. Most infected patients are 
unaware of their condition until the symptoms of chronic 
infection manifest. Treatment of acute hepatitis C is 
something of a paradox because spontaneous resolution 
is possible and many patients do not have symptoms. 
However, several factors provide a rationale for treating 
patients who have acute hepatitis C. Compared with 
acute hepatitis C, chronic hepatitis C is associated with a 
worse prognosis, the need for more intensive treatment, 
longer treatment duration, and a decrease in successful 
treatment outcomes. Conversely, early intervention 
is associated with improved viral eradication, using a 
regimen that is better tolerated, less expensive, more 
convenient, and of shorter duration than the currently 
approved combination therapies for chronic hepatitis C.

© 2007 WJG. All rights reserved.
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The good news is that the annual incidence of  acute 
hepatitis C has fallen in recent years, primarily because of  
effective blood and blood product screening efforts and 
increased education on the dangers of  needle sharing. 
The bad news is that there are no approved therapies for 
treating patients with acute hepatitis C and most patients 
infected with the hepatitis C virus (HCV) are unaware 
of  their exposure and remain asymptomatic during the 
initial stages of  the infection, making diagnosis difficult 
and often surprising for the patient. However, there is 
a subset of  patients - mainly healthcare workers - who 
have documented exposure as a result of  a needle stick 

accident. These patients are subsequently monitored 
within surveillance programs to establish a documented 
conversion from HCV RNA-negative to HCV RNA-
positive status[1]. While HCV accounts for only a minority 
of  cases of  acute hepatitis, it is the primary cause of  
chronic hepatitis and liver disease. With more than 170 
million chronic hepatitis C patients worldwide[2] and an 
alarming increase in the related morbidity and mortality 
projected for the next decade[3], an improvement in our 
ability to diagnose and treat patients with acute hepatitis C 
would have a major impact on the prevalence of  chronic 
hepatitis and its associated complications worldwide.

Because most acute hepatitis C patients remain 
undiagnosed and there is a relatively high rate of  
spontaneous resolution of  HCV infection, little is known 
about the epidemiology of  acute hepatitis C. Robust 
epidemiological data is available only for those patients 
who progress to chronic infection, develop symptoms, 
and/or seek treatment. However, what we do know about 
the epidemiology of  acute hepatitis C is that intravenous 
drug and surgical/accidental exposure have been identifi ed 
as the most common route of  HCV transmission in most 
studies conducted in Western populations (Figure 1). 
Indeed, intravenous drug use accounted for about 25% 
to 54% of  acute cases of  hepatitis C in studies conducted 
in the US and throughout Europe[4-7]. In the United 
States alone, almost half  of  all HCV-positive patients 
aged 20 to 59 years report a history of  injection drug 
use[8]. Transfusion-related acute hepatitis C is relatively 
rare; however, blood transfusion prior to 1992 remains a 
signifi cant risk factor for hepatitis C infection throughout 
the world[8]. Sexual contact is another important route of  
transmission (risk factor 4% to 25%)[4-6]. Individuals with 
20 or more lifetime sexual partners are at signifi cant risk 
for hepatitis C in Western Countries; those participating 
in high risk sexual behavior are particularly susceptible 
because of  an association with herpes simplex-type 2 
infection[2,8]. In other geographic areas, social and cultural 
differences combine to produce a very different set of  risk 
factors for hepatitis C. In Egypt and other African nations, 
illicit drug use is almost non-existent and infection mainly 
occurs via blood transfusion, or through nosocomial 
exposure (surgery or during circumcision)[9]. Intrafamilial 
exposure is also a primary route of  transmission in rural 
Egypt[10]. 

Unfortunately, there is no universally agreed-upon 
diagnostic criteria for acute hepatitis C; a series of  
clinical features generally leads us to suspect acute HCV 
infection[11]. These ‘characteristics’ include an acute 
increase in alanine aminotransferase levels to more than 
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10 times the upper limit of  normal (with or without an 
increase in bilirubin) and an exposure to HCV during the 
previous 2-12 wk coupled with subsequent detectable 
HCV RNA. The few patients with acute hepatitis C 
who display symptoms may complain of  constitutional 
problems or jaundice[12]; however, even among these 
symptomatic patients, jaundice is not always evident and 
slight fatigue may be the only indication that infection has 
taken place[13].

In many patients, HCV infection is self-limiting and 
spontaneously resolves before proceeding beyond the 
acute phase. However, establishing just how many cases 
resolve before reaching the chronic status has proved 
difficult because so few cases are actually detected. 
Estimates of  spontaneous resolution range from 10% to 
60%[1,14]; conversely, 43% to 86% of  cases are thought to 
result in chronic infection[13]. Although these estimates 
vary widely, a general rule of  thumb is that 20% to 26% 
of  patients with acute hepatitis C experience spontaneous 
resolution[11,15]. Spontaneous resolution is most likely 
during the fi rst 3-4 mo after infection; after 6 mo, it rarely 
occurs. So, we generally consider the first 6 mo after 
infection as “acute hepatitis C” and anything thereafter, 
“chronic hepatitis C”.

Several clinical features - including the presence of  
symptoms and the patient’s sex, immune status, and age - 
can serve as useful predictors of  spontaneous resolution 
in patients with acute hepatitis C. Robust and multispecifi c 
CD4+ and CD8+ T cell responses are closely associated 
with recovery, suggesting that patients with strong 
immune systems have a better chance of  controlling the 
infection[1,11]. Additionally, patients less than 40 years of  
age are more likely to undergo spontaneous resolution. 
Interestingly, infants with HCV infection have a 75%-100% 
chance of  spontaneous resolution[11]. Conversely, patients 
with weakened immune systems, such as those with HIV 
or solid organ transplant recipients, experience more 
frequent progression to chronic infection[11]. Finally, self-
limiting disease is also significantly more common in 

women than men (40% vs 19%, P < 0.01) possibly due 
to the facilitation of  HCV clearance by an estrogen-
dependent mechanism[15].

There are no currently approved treatments for acute 
hepatitis C; however, recently published clinical trials can 
be used as a basis for establishing successful management 
strategies. Monotherapy with standard interferon (IFN) 
alfa-2b or pegylated IFN (PEG-IFN) alfa-2b for 24 wk 
have both been shown to be effective treatments. For 
example, an induction regimen of  IFN alfa-2b (5 MU 
daily for 4 wk and then 3 times weekly for 20 wk) yielded 
a sustained virologic response (SVR) rate of  98% in one 
study[16]. Similarly, 89%-95% of  patients receiving PEG-
IFN alfa-2b monotherapy (1.5 μg/kg per wk for 12 to 
24 wk) successfully achieved viral eradication[17,18]. With 
both regimens, an 8-12 wk observation period between 
exposure to HCV and initiation of  therapy is important to 
allow for the possibility of  spontaneous resolution.

In conclusion, acute hepatitis C is a rarely encountered 
clinical entity. Although it is usually asymptomatic 
and often resolves spontaneously, it also represents an 
important window in the time course of  this infection 
during which medical intervention is greeted with a high 
degree of  success. Efforts to increase awareness, improve 
diagnosis, and facilitate treatment of  acute hepatitis C will 
have far reaching implications for the management of  
chronic hepatitis C, where current disease management 
and health outcome strategies are less effective.
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Abstract
Despite advances in preoperative evaluation and 
postoperative care, intervention, especially surgery, for 
relief of obstructive jaundice still carries high morbidity 
and mortality rates, mainly due to sepsis and renal 
dysfunction. The key event in the pathophysiology 
of obstructive jaundice-associated complications is 
endotoxemia of gut origin because of intestinal barrier 
failure. This breakage of the gut barrier in obstructive 
jaundice is multi-factorial, involving disruption of 
the immunologic, biological and mechanical barrier. 
Experimental and clinical studies have shown that 
obstructive jaundice results in increased intestinal 
permeabil ity. The mechanisms implicated in this 
phenomenon remain unresolved, but growing research 
interest during the last decade has shed light in our 
knowledge in the field. This review summarizes the 
current concepts in the pathophysiology of obstructive 
jaundice-induced gut barrier dysfunction, analyzing 
pivotal factors, such as altered intestinal tight junctions 
expression, oxidative stress and imbalance of enterocyte 
proliferation and apoptosis. Clinicians handling patients 
with obstructive jaundice should not neglect protecting 
the intestinal barrier function before, during and after 
intervention for the relief of this condition, which may 
improve their patients’ outcome.

© 2007 WJG. All rights reserved.
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INTRODUCTION
When mechanical biliary obstruction is diagnosed, 
surgical, endoscopic or radiologic intervention is usually 
recommended. However, despite advances in preoperative 
evaluation and postoperative care, intervention, especially 
surgery, for relief  of  obstructive jaundice still carries 
high morbidity and mortality rates, mainly due to sepsis 
and renal dysfunction[1-3]. The concept of  preoperative 
biliary drainage to reduce the postoperative morbidity and 
mortality in patients with malignant obstructive jaundice 
has not proved its efficacy leading to a longstanding 
controversy on this issue. Studies assessing the impact 
of  endoscopic or radiologic drainage procedures prior 
to surgery in jaundiced patients showed high rates 
of  complications, highlighting the role of  the factor 
“intervention” in general in this patient population[4]. 
Recently, a randomized controlled multicenter clinical trial 
was designed to seek evidence whether or not preoperative 
biliary drainage should be performed in patients with 
obstructive jaundice due to a periampullary tumor[4].

The reasons for the high morbidity and mortality 
encountered in the post operative period have been 
attributed to impaired immune function and the high 
incidence of  systemic endotoxemia[5-8]. In obstructive 
jaundice, increased intestinal permeability has been 
postulated to be a key factor contributing to bacterial and 
endotoxin translocation to mesenteric lymph nodes, portal 
circulation and liver[9,10]. A suppressed clearance capacity 
of  Kupffer cells, the main hepatic macrophage population, 
attributed to accumulation of  bile acids into liver, permits 
the “spillover” of  endotoxin from portal into systemic 
circulation, with consecutive release of  proinflammatory 
cytokines, potentially leading to the development of  
the so called “gut derived sepsis”. Improved knowledge 
and understanding of  the underlying pathophysiological 
mechanisms explaining the failure of  the gut barrier in 
jaundiced patients may render us with better tools for 
prevention, treatment and patient selection.

THE GUT BARRIER STRUCTURAL AND 

FUNCTIONAL COMPONENTS
Nowadays, it is accepted that the gastrointestinal tract is 
not only a passive organ of  nutrient absorption, but it 
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additionally displays important endocrine, immunologic, 
metabolic and barrier functions. The intestinal tract 
contains the body’s largest interface between a person and 
his or her external environment. The complexity of  its 
function is obvious when thinking that at the same time the 
intestine has to serve two opposite functions; the selective 
permeability of  needed nutrients from the intestinal lumen 
into the circulation and into the internal milieu in general, 
and, on the other hand, the prevention of  the penetration 
of  harmful entities including microorganisms, luminal 
antigens, and luminal proinfl ammatory factors. The latter 
function is known as barrier function. Gut barrier function 
is dependent on the immune barrier, composed of  locally 
acting factors such as, the secretory IgA, intra-mucosal 
lymphocytes, Payer’s nodules, mesenteric lymph nodes 
and of  the systemic host defense represented mainly 
by the reticuloendothelial system, the biological barrier, 
which is made up of  normal intestinal flora responsible 
for colonization resistance, and the mechanical barrier, 
consisting of  the closed-lining intestinal epithelial cells and 
by the capillary endothelial cells. All these components of  
gut barrier integrity can be affected by biliary obstruction 
and the absence of  bile within the intestinal lumen.

THE EFFECT OF BILE ON THE GUT 

BARRIER
The presence of  bile and bile acids in the intestinal 
lumen is associated with a number of  positive effects, 
contributing to a normal gut barrier function.

Bile and the immune barrier
Experimental studies have shown that bile affects homing 
and distribution of  T-lymphocytes in the gut-associated 
lymphatic tissue (GALT) and its absence results in 
decreased numbers of  CD4+ and CD8+ T-lymphocytes and 
mucosal addressin cell adhesion molecule-1 (MAdCAM-1) 
expressing cells in the lamina propria[11]. In addition, bile 
affects the size and number of  B-lymphocytes in Peyer’s 
patches. In experimental animals, the ligation of  the 
common bile duct induced efficient apoptosis in Peyer’s 
patch B-lymphocytes through a Toll-like receptors-2 
dependent elevation of  Fas expression and/or increase 
in sensitivity to Fas mediated apoptosis[12]. Bilirubin has 
been shown to impair bactericidal activity of  neutrophils 
attenuating bacterial clearance mechanisms[13]. Bile also 
contains immunoglobulin A, which enhances mucosal 
defense either by maintaining mucosal integrity, or by 
binding to bacteria and viruses[14]. Circulating polymeric 
immunoglobul in A (IgA) b inds to the secretor y 
component (SC) on the surface of  rat hepatocytes and is 
internalized and transported by vesicles to the canalicular 
membrane where the IgA-SC complex is secreted into bile. 
Secretion of  IgA is sensitive to bile fl ow and the biliary 
secretory pathways for IgA and SC are dissociated after 
brief  periods of  cholestasis[15]. There is also evidence that 
specifi c or nonspecifi c antibodies contained in bile inhibit 
adhesion of  enteric bacteria on the intestinal mucosa 
or inhibit bacterial endocytosis by enterocytes, thus 
preventing bacterial translocation[16].

Bile and the biological barrier 
Bile acids have been reported to inhibit the growth 
of  certain bacteria such as Bacteroides, Clostridia, 
Lactobacillus and Streptococci[17-20]. Absence of  bile salts 
results in a disturbed intestinal bacterial balance with 
overgrowth of  gram negative bacteria[19,21]. Bile salts have a 
detergent-like activity, which can make bacterial membranes 
permeable and can eventually lead to membrane collapse 
and cell damage[22]. Alternatively, bile salts are thought to 
prevent intestinal endotoxin and bacterial translocation by 
binding directly intraluminal endotoxin and bacteria, and 
creating poorly absorbed detergent-like complexes[23].

Bile and the mechanical barrier 
In addition, bile exerts trophic effects on the intestinal 
mucosa , increas ing v i l lous dens i ty and inducing 
hypertrophy of  the intestinal wall components[21,24]. In vitro 
experiments have shown that bile acids promote intestinal 
epithelial cell proliferation through a c-myc-dependent 
mechanism and protect against apoptotic cell death 
through activation of  NF-κB[25,26]. These data support 
an important benefi cial role of  bile salts in regulation of  
mucosal growth and repair. Recent studies have also shown 
that bile is crucial for the maintenance of  the integrity of  
enterocyte tight junctions, regulating the expression of  
the essential tight junction-associated proteins occludin 
and ZO-1, thus preserving the intestinal paracellular 
barrier[27,28].

INTESTINAL PERMEABILITY IN THE 

JAUNDICED PATIENT
Increased intestinal permeability has been postulated 
to be a key fac tor contr ibut ing to bacter ia l and 
endotoxin translocation and the pathogenesis of  septic 
and renal complications in patients with extrahepatic 
biliary obstruction[29]. Beyond several experimental 
studies that have repeatedly demonstrated increased 
intestinal permeability in obstructive jaundice, this 
phenomenon has been confi rmed in the clinical setting 
as well [5,29-31]. Increased intestinal permeability was 
evidenced in jaundiced patients either directly by the 
lactulose/mannitol permeability test[29,31], or indirectly by 
measurements of  endotoxin concentrations in portal and 
systemic circulation[32], determination of  anti-endotoxin 
core antibodies[31] and by multiple sampling during 
laparotomy in jaundiced patients, demonstrating growth 
of  translocating bacteria of  primarily enteric origin in 
extraintestinal sites[33]. Clinical data also demonstrate that 
surgical biliary decompression in obstructive jaundice 
exaggerates the pathophysiological disturbances and 
significantly increases intestinal permeability in the 
immediate post operative period as compared to non-
surgically treated patients[5]. This probably reflects that 
the magnitude of  an additional “trauma” in jaundiced 
patients is of  importance and this should be considered 
in order not to further aggravate the patient’s condition 
and host defense and potentially increase morbidity and 
mortality.



of  intestinal TJs alterations on gut barrier failure in 
obstructive jaundice demonstrated an up-regulation of  
claudin-4 expression in the upper part of  the villi. Claudins 
are the only known variable elements in TJs and different 
expression, combination and mixing ratios of  various 
members of  the claudin family are essential in regulation 
of  barrier properties of  TJs[40]. There is evidence that the 
functional role of  claudin-4 in the intestinal epithelium 
may be associated with loosening of  intercellular junctions 
and opening of  the paracellular route[41]; therefore, its 
overexpression is compatible with increased intestinal 
permeability. The key role of  claudin-4 and occludin in 
obstructive jaundice-associated intestinal permeability 
alterations is further evidenced by improvement of  gut 
mucosal barrier after restoration of  their expression by 
regulatory peptides administration[28,42]. Apart from the 
role of  bile deprivation, another explanation of  altered 
intestinal occludin and claudin-4 expression in obstructive 
jaundice is through endotoxin-mediated mechanisms. The 
excessive presence of  endotoxin in portal and systemic 
circulation stimulates a systemic inflammatory response, 
characterized by the release of  cytokines and other 
proinfl ammatory mediators such as tumor necrosis factor-
alpha (TNF-α), interleukin-1, interleukin-6, interferon-
gamma (INF-γ), nitric oxide and oxygen free radicals[43]. 
These substances may produce injurious effects on TJs 
structure and function compromising intestinal epithelial 
barrier function[44-47]. Specifi cally, it has been demonstrated 
that TNF-α as well as INF-γ downregulate the human 
occludin promoter[48]. Given that increased levels of  
both TNF-α and INF-γ have been demonstrated in 
obstructive jaundice[43,49], it is tempting to speculate that 
these cytokines may account for occludin down-regulation. 
Furthermore, endotoxin reduces splachnic blood fl ow and 
disrupts intestinal microcirculation resulting in hypoxia of  
enterocytes and energy depletion[50]. Studies in epithelial 
cells monolayers have shown that adenosine triphosphate 
depletion induces the structural perturbation of  the TJ 
leading to loss of  the permeability barrier[51]. An additional 
contributory factor might be increased bacterial adherence 
to the enterocyte. Obstructive jaundice results in intestinal 
bacterial overgrowth, mainly represented by E. coli over 
growth[28]. Absence of  bile deprives the gut from about 
90% of  secretory IgA, which normally prevents bacterial 
adherence to the intestinal mucosa[16]. Overgrowth of  
E. coli and lack of  biliary IgA may lead to increased 
attachment of  this bacterial strain to the intestinal 
mucosa. In vitro studies have shown that attachment of  
the enteropathogenic E. coli in intestinal epithelial cells 
monolayers dissociates occludin from the tight junctions, 
thus disrupting the paracellular barrier[52].

Cell proliferation and apoptosis
Absence of  bile from the intestinal lumen is known 
to induce intestinal mucosal atrophy[21,53]. Epithelial 
homeostasis is highly dependent on the balance between 
cell proliferation and death, and knowledge of  both 
factors is essential when elucidating how obstructive 
jaundice regulates intestinal cell turnover and mucosal 
cellularity. Experimental studies provided evidence of  
increased apoptosis of  enterocytes in intestinal crypts 
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MECHANISMS OF INCREASED GUT 

PERMEABILITY IN OBSTRUCTIVE 

JAUNDICE 
Intestinal permeability is determined by interactions 
among several barrier components including the unstirred 
water layer, mucosal surface hydrophobicity, the surface 
mucous coat, epithelial factors (especially tight junctions) 
and endothelial factors[34]. Each of  these components has 
different permeability properties. However, among these 
factors, the intestinal epithelium consisted of  the epithelial 
cells which are linked close to the apical surface by the tight 
junctions seem to be the most important in determining 
intestinal permeability[35]. Up to now, the mechanism of  
increased intestinal permeability in obstructive jaundice 
remains an enigma, but in the last few years experimental 
studies have shed light on our knowledge in the fi eld. 

In several studies, obstructive jaundice does not seem 
to induce dramatic morphologic changes in the intestinal 
mucosa on routine light microscopy[10,36], while in others 
non-specifi c fi ndings, such as subepithelial edema, lifting 
of  the villus and sporadic mucosal denudation with 
exposure of  lamina propria have been documented[9,19,37]. 
However, ultrastructural studies on intestinal mucosa 
revealed certain kinds of  cell disruption, represented by 
alterations of  cellular and mitochondrial membrane[37]. In 
general, most studies had demonstrated that obstructive 
jaundice increases intestinal permeability though epithelial 
continuity is retained and the mechanism for this was not 
evident.

Tight junctions
The key event in the pathophysiology of  obstructive 
jaundice-associated complications is gut derived endoto-
xemia[7]. According to its size, this molecule as well as other 
bacterial byproducts, could have permeated the intestinal 
mucosa through the paracellular pathway[38]. Therefore, 
our research group investigated for the first time the 
expression of  occludin, a bona fi de integral component of  
the tight junction, in the intestinal epithelium of  jaundiced 
rats. The results of  this study showed that intestinal 
mucosal barrier dysfunction in obstructive jaundice is 
associated with regional loss of  occludin expression in the 
intestinal epithelium, observed mainly at the upper part 
of  the villi[28]. Our immunohistochemical observations 
were confi rmed by immunoblotting by other investigators, 
who additionally showed that obstructive jaundice leads 
to decreased mucosal expression of  the TJ-associated 
protein ZO-1 as well[27]. Those researchers applying in vitro 
experiments with enterocytic monolayers incubated in 
the presence or absence of  graded concentrations of  bile 
showed that the alterations of  intestinal tight junctions 
were bile mediated, while this fi nding was also supported 
in vivo because gavaging mice with rat bile significantly 
ameliorated the deleterious effects of  obstructive jaundice 
on intestinal permeability. Also, in a current study it was 
shown that intestinal electrophysiological parameters in 
jaundiced animals, which substantially depend on intestinal 
TJs’ integrity, were improved after oral supplementation 
with bile salts[39]. Further investigaton into the role 



in parallel with decreased mitotic activity[10,54]. These 
cellular events occurring in intestinal crypts, where 
the mucosal proliferation zone exists, may explain the 
induction of  mucosal atrophy observed in cases of  biliary 
obstruction[54]. 

The responsible mechanisms of  increased intestinal 
apoptosis could reflect primary immunologic events 
following BDL (apoptosis has been shown to be induced 
by a variety of  triggers, including proinflammatory 
cytokines such as TNF-α, IL-1 and IL-6, or by cytotoxic 
T lymphocytes that act through either granzyme B or Fas 
receptor pathways) or a direct action of  bacterial toxins[43].

It is well known that bile salts exert a potent trophic 
effect on the intestinal epithelium. This action is based on 
their mitogenic effect on the enterocytes. In vitro studies 
have shown that intestinal cells exposed to physiological 
concentrations of  the bile salt taurodeoxycholate, within 
24 h are beginning to enter into S-phase of  the cell cycle, 
while after 6 d of  exposure to bile salts, cell growth 
is stimulated by almost 70% relative to cells grown in 
the absence of  bile salts[26]. The proliferative effect of   
taurodeoxycholate is at least partly mediated by regulation 
of  the transcription of  the proto-oncogene c-myc, which 
has been shown to play an important regulatory role 
during intestinal epithelial proliferation[26].

The signifi cant contribution of  the imbalance between 
cell proliferation and apoptotic death in the phenomenon 
of  gut barrier failure in obstructive jaundice is further 
evidenced by the improvement of  gut barrier function and 
the reduction of  gut derived endotoxemia when factors 
that restore intestinal homeostasis were administered. The 
enhancement of  intestinal permeability by glutamine may 
be explained by its proliferative and antiapoptotic effect 
on the intestinal mucosa[55-57]. Administration of  intestinal 
trefoil agents such as Growth hormone and Insulin-like 
growth factor Ⅰ, which act on intestinal mucosal growth, 
development and metabolism, significantly improved 
intestinal barrier function and reduced portal and systemic 
endotoxemia in obstructive jaundice, exerting, beyond 
their trophic effect, a potent antiapoptotic action on the 
intestinal mucosa leading to preservation of  mucosal 
homeostasis[10]. In addition, gut regulatory peptides 
Bombesin and Neurotensin which have been shown to 
prevent gut barrier dysfunction in obstructive jaundice, 
exerted also a combined mitogenic and antiapoptotic effect 
on the intestinal mucosa[54]. 

Oxidative stress
Altered intestinal tight junction expression and increased 
intestinal apoptosis are accompanied by significant 
alterations of  the intestinal oxidative state, which 
represent an additional important factor in promoting 
intestinal injury in obstructive jaundice[21,54,58]. Studies with 
experimental animals showed that obstructive jaundice 
induces intestinal oxidative stress evidenced, not only by 
increased lipid peroxidation and glutathione oxidation, but 
also by a general imbalance between protein or non protein 
thiols and protein or non protein disulfides (symmetric 
or mixed)[21,54,59]. Specifi cally, in the intestine we observed 
increased levels of  the high oxidative stress markers of  
thiol redox state oxidized glutathione (GSSG), non-protein 

mixed disulfi des (NPSSR) and protein symmetric disulfi des 
(PSSP), accompanied by the decrease of  the low oxidative 
stress markers glutathione (GSH), GSH:GSSG ratio and 
protein thiols (PSH). Our fi ndings of  increased intestinal 
oxidative stress in obstructive jaundice were also confi rmed 
in the clinical setting[58]. The potential mechanisms of  
high intestinal oxidative stress in obstructive jaundice 
have been extensively reviewed previously[58,60]. Briefly, 
increased levels of  bile acids, systemic endotoxemia and 
the subsequent infl ammatory response[61], up-regulation of  
inducible nitric oxide synthase expression[62,63], increased 
neutrophil chemotaxis and superoxide anion generation[64] 
and decreased systemic levels of  the antioxidant vitamin 
E[65], contribute to the promotion of  the oxidative process 
in obstructive jaundice.

A question raised is whether intestinal cellular and 
oxidative alterations could be interrelated. It has been 
shown that reactive oxygen species may promote cell 
growth arrest, via a mitogen-activated protein kinases 
dependent pathway that alters the status of  growth 
regulatory proteins, and apoptotic cell death, via a 
cytochrome c-mediated activation of  the caspase family[66]. 
Thus, oxidative stress may promote intestinal apoptosis 
and inhibition of  cell proliferation, leading to mucosal 
atrophy in obstructive jaundice. In addition, given that 
oxidative stress disrupts the TJ structural complex by 
modulating the assembly, localization, expression and 
function of  their molecular components[46], this factor may 
underlie the altered intestinal TJ expression and increased 
permeability in obstructive jaundice. The interrelation 
of  oxidative stress with intestinal cellular alterations in 
extrahepatic cholestasis is also supported by the fact that 
the oral administration of  the antioxidant GSH preserves 
the intestinal mucosal redox state and prevents intestinal 
histological and electrophysiological changes[39]. In line 
with this observation, in a recent work[59], we demonstrated 
that administration of  different antioxidant substances 
(N-acetyl-cysteine, allopurinol, α-tocopherol) in ten 
days’ cholestatic rats, induces a significant antioxidant 
action in the intestine, mediated by a certain influence 
profi le on the thiol redox state by each substance, leading 
to improvement of  intestinal barrier function and 
prevention of  endotoxemia. In addition, administration 
of  gut regulatory peptides bombesin and neurotensin in 
experimentally jaundiced rats, induces a potent antioxidant 
effect on the intestine, preventing all the mentioned 
intestinal cellular alterations (apoptosis, inhibition of  
cell proliferation, altered TJ expression) and improving 
intestinal mucosal barrier function[28,42,54]. Taken together 
all these data suggest that intestinal oxidative stress and the 
thiol redox state are important factors in the promotion 
of  the deleterious effects of  obstructive jaundice on 
the anatomical and functional integrity of  the intestinal 
mucosa. 

The pathophysiology of  obstructive jaundice-
induced gut barrier failure, endotoxemia and systemic 
complications, is schematically presented in Figure 1.

CONCLUSION
Clinicians handling patients with obstructive jaundice 
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should not neglect protecting the intestinal barrier function 
before, during and after intervention for the relief  of  this 
condition, because failure of  the intestinal barrier with 
consequent endotoxemia and the systemic inflammatory 
response may lead to serious and even life threatening 
complications. In this context, minimization of  the 
additional surgical trauma, antibiotic prophylaxis, adequate 
fluid replacement to prevent visceral-microcirculatory 
disturbances, enteral nutrition to improve microcirculation, 
prevent mucosal atrophy and provide important nutrients 
for enterocytes and lactulose administration to reduce 
the incidence of  endotoxemia are well demonstrated 
strategies. Growing research interest in this fi eld has shed 
enough light in the pathophysiology of  intestinal failure 
in obstructive jaundice demonstrating that the breakage 
of  gut barrier is multi-factorial, involving disruption 
of  the immunologic, biological and mechanical barrier. 
Altered intestinal tight junctions expression, oxidative 
stress and imbalance of  cell proliferation and apoptosis 
may play a key role in gut permeability alterations in cases 
of  biliary obstruction. Future studies focused on the 
pharmacological modulation of  these factors may lead 
to a better control of  intestinal permeability not only in 
obstructive jaundice, but also in diverse clinical states 
which may be complicated by gut-derived sepsis.
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Figure 1  Pathophysiology of obstructive jaundice-induced gut barrier failure, endotoxemia and systemic complications. Absence of intraluminal bile deprives the gut from its 
bacteriostatic, endotoxin-neutralizing and mucosal-trophic effect leading to increased intestinal bacterial and endotoxin load and mucosal atrophy. These alterations promote 
bacterial and endotoxin translocation into portal circulation and subsequently, through a decreased clearance capacity of Kupffer cells because of cholestasis, into systemic 
circulation. Systemic endotoxemia activates a systemic infl ammatory response, which is associated with dysfunction of remote organs, while it further aggravates intestinal 
barrier dysfunction and cholestatic liver injury. Endotoxemia, cytokinemia and increased bile acids concentrations represent important promoters of reactive oxygen species 
formation in diverse organs, encompassing the intestine. Increased intestinal oxidative stress in obstructive jaundice, contributes to induction of apoptosis and inhibition 
of cell proliferation in intestinal crypts, leading to mucosal atrophy. In parallel, intestinal oxidative stress, endotoxemia, systemic release of infl ammatory mediators and 
absence of intraluminal bile, disrupts the integrity of enterocytes’ tight junctions by altering the expression of their molecular components. As a consequence the intestinal 
paracellular route opens, contributing to further escape of endotoxin from the intestinal lumen into portal circulation, thus leading to a vicious cycle.
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Abstract
Cholangiocarcinomas are malignant epithelial liver 
tumors arising from the intra- and extra-hepatic bile 
ducts. Little is known about the molecular development 
of this disease, and very few effective treatment options 
are available. Thus, prognosis is poor. Genetic and 
epigenetic changes play an integral role in the neoplastic 
transformation of human cells to their malignant 
counterparts. This review summarizes some of the more 
prevalent genetic alterations (by microRNA expression) 
and epigenetic changes (hypermethylation of specific 
gene promoters) that are thought to contribute to the 
carcinogenic process in cholangiocarcinoma.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Neoplastic transformation of  normal cells into their 
malignant counterparts often requires a series of  genetic 

changes. These changes can range from "simple" 
mutations in the genes themselves that ultimately lead 
to loss-of-function or gain-of-function changes in key 
genes that are responsible for the control of  apoptosis 
and cell cycle progression respectively, to more complex 
changes in non-protein factors (e.g. RNA and DNA) 
that regulate the control of  specific gene expression[1-4]. 
These more complex changes can be classified as either 
genetic or epigenetic changes[1,3,4]. For the purpose of  this 
review, we will define and limit the "complex" genetic 
changes as being any changes that occur in non-coding 
RNAs and epigenetic changes in the modifi cation of  the 
promoter regions of  the genes themselves (e.g. hyper- and 
hypomethylation)[3-6].

Non-coding RNAs
Non-coding RNAs have recently been recognized as gene-
specific regulators and therefore are similar in function 
to transcription factors. These RNAs can regulate every 
stage of  gene expression, including transcription, mRNA 
stability and translation[5,7]. A role for these RNAs in the 
neoplastic transformation of  cells is emerging[4]. A major 
sub-type of  non-coding RNA is the microRNAs, which are 
small RNA molecules encoded in the genomes of  plants 
and animals[5]. These highly conserved, about 21-mer 
RNAs regulate the expression of  specifi c target genes by 
binding to the 3’-untranslated regions of  mRNAs[7]. Each 
microRNA is thought to regulate multiple genes and since 
hundreds of  microRNA molecules are predicted[6], the 
relative importance of  these molecules in the control of  
gene expression is potentially massive. Several research 
groups have provided evidence that microRNAs may 
act as key regulators of  processes as diverse as early 
development[8], cell proliferation and cell death[9], apoptosis 
and fat metabolism[10], and cell differentiation[11,12]. In 
addition, recent studies suggest a possible link between 
microRNAs and various cancers, including chronic 
lymphocytic leukemia[13], colonic adenocarcinoma[14], 
Burkitt's Lymphoma[15] and cholangiocarcinoma[16-18].

Epigenetic changes
Epigenetic gene silencing refers to non-mutational gene 
inactivation that can be passed from parental cells to 
daughter cells[1]. The addition of  methyl groups to cytosine 
residues in CpG dinucleotides in DNA is a biochemical 
modification that meets this requirement, referred to 
as hypermethylation[1]. Genes carrying epimutations 
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cause morphological phenotypes to be transmitted from 
generation to generation, not based on any alteration in 
the coding sequence of  the relevant genes, but instead 
caused by CpG (or CpNpG) hypermethylation of  their 
promoter sequences[2]. Methylation patterns in mammalian 
cells are regulated by DNA methyltransferases[19], which 
transfer a methyl group to the cytosine portion of  the 
CpG dinucleotide[19]. This allows for the binding of  
methyl-specifi c DNA-binding proteins such as MeCP1 or 
MeCP2 to regulatory elements, which in turn represses 
transcription[20]. These binding proteins can then attract 
histone deacetylases, which then remodel chromatin into 
highly repressed states[20]. Hypermethylation has been 
shown to play an important role in the progression of  
tumor growth in almost all types of  cancer[21].

Recent data suggest that both genetic and epigenetic 
changes are required for transformation, promotion and 
progression of  cholangiocarcinoma[16,17,22-26], a deadly 
cancer of  the cells lining the intra- and extra-hepatic 
biliary tract[27,28]. This type of  cancer is increasing in 
its incidence worldwide, with no effective treatment 
options[29,30]. Therefore, understanding the molecular 
events associated with the neoplastic transformation of  
cholangiocytes to cholangiocarcinoma may aid in the 
development of  improved therapeutic strategies. This 
review will summarize our current understanding of  the 
most prevalent genetic and epigenetic changes associated 
with cholangiocarcinoma.  

THE REGULATION OF TUMOR

SUPPRESSOR GENES AND CELL CYCLE

INHIBITORS
Methylation
The hypermethylation and inactivation of  a number of  
cel l cycle inhibitors have been shown to occur in 
cholangiocarcinomas. The most well-characterized of  
these epigenetic changes is in the p16INK4a gene, which has 
been described in up to 83% of  cholangiocarcinomas[23,26]. 
This gene is responsible for binding to the cyclin 
dependent kinase 4 (CDK4) and inhibits its ability to 
interact with cyclin D1[31]. In the absence of  p16INK4a 

activity, such as after promoter methylation, CDK4 binds to 
cyclin D1, which subsequently leads to unchecked entry 
into the S phase of  the cell cycle[31]. There also appears 
to be increased incidence of  hypermethylation of  the 
related p14ARF occurring in 25% of  cholangiocarcinoma 
samples studied[25]. The p14ARF gene normally prevents 
p53 degradation and hence cell-cycle arrest[32], which 
constitutes another checkpoint that may be lost in 
cholangiocarcinoma[33]. In addition to the above-mentioned 
genes, many other cell cycle entry inhibitors have been 
shown to be hypermethylated. These include p16INK4b (50% 
of  tumors studied)[26] and 14-3-3 sigma (59.5% of  tumors 
studied)[34].

In addition, the expression of  many tumor suppressor 
genes is repressed in cholangiocarcinomas[24]. The most 
striking of  which is Semaphorin3B, which was found 
to be methylated in 100% of  the cholangiocarcinoma 
cases s tud ied [24]. RassF1A [26] and p73 [26] a re a l so 

hypermethylated and suppressed in 65.3% and 36.1% of  
cholangiocarcinoma cases studied respectively.

Taken together, the epigenetic silencing of  a vast 
array of  tumor suppressor genes and inhibitors of  cell 
cycle progression obviously plays an important role in 
the initiation and progression of  cholangiocarcinoma.  
Inactivation of  these genes allows cells to avoid apoptosis 
and to proliferate unchecked.

microRNA
To date, the data concerning microRNA regulation of  
cell cycle and/or apoptotic genes is sparse. Recently 
Meng et al showed that miR-141 was highly overexpressed 
in malignant cholangiocytes[16]. Using a bioinformatics 
approach, a predicted target of  miR-141 was the 
CLOCK gene, which regulates circadian rhythms and 
can act as a tumor suppressor[16]. Inhibiting miR-141 
effectively increased CLOCK protein expression in 
cholangiocarcinoma cel ls [16]. Another microRNA 
species that was found to be overexpressed in malignant 
cholangiocytes was miR-200b[16]. The target gene for this 
was predicted to be the protein tyrosine phosphatase non-
receptor type 12 (PTPN12), the dysregulation of  which 
may contribute to tumor cell survival and oncogenesis[16].  
Similarly, the expression of  miR-21 was overexpressed 
in cholangiocarcinoma, which effectively blocks the 
expression of  the tumor suppressor gene PTEN[16].

Conversely, other microRNA species have been 
identifi ed as being downregulated in cholangiocarcinoma 
compared to non-malignant cholangiocytes. miR-29b 
expression was suppressed in the cholangiocarcinoma 
cell line KMCH as well as in approximately 33% of  
human cholangiocarcinoma samples[18]. Enforced miR-
29b overexpression in cholangiocarcinoma cells effectively 
reduced the expression of  Mcl-1, an anti-apoptotic protein 
of  the Bcl-2 family[18] and sensitized cholangiocarcinoma 
cells to tumor necrosis factor-related apoptosis-inducing 
ligand cytotoxicity, suggesting that the suppression of  
miR-29b expression found in cholangiocarcinoma allows 
the overexpression of  Mcl-1 and can ultimately lead to the 
resistance of  cholangiocarcinoma to cell death[18]. Another 
microRNA that is downregulated in cholangiocarcinoma is 
miR-370[17]. Interestingly, the expression of  this particular 
microRNA has been shown to be under tight epigenetic 
regulation by hypermethylation[17]. One of  the targets 
for miR-370 is the oncogene mitogen-activated protein 
kinase kinase kinase 8 (MAP3K8)[17], thus MAP3K8 is 
upregulated in cholangiocarcinoma cell lines as well as in 
tumor cell xenografts in vivo[17].

THE REGULATION OF GENES INVOLVED 

IN DNA REPAIR
Methylation
Inherited mutations that affect DNA repair genes are 
strongly associated with high cancer risks in humans. 
A number o f  the DNA re pa i r g enes have been 
shown to be hypermethylated in cholangiocarcinoma.  
Hypermethylation of  the hMLH1 mismatch repair 
gene promoter has been shown to occur in up to 23.6% 
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of  cholangiocarcinomas[26], which has previously been 
revealed to lead to microsatellite instability in other 
tumor types[35]. Another gene, O6-methylguanine-DNA 
methyltransferase (MGMT), is silenced in up to 33% of  
cholangiocarcinoma tumors studied[26]. This gene is an 
important suicide enzyme involved in the defense against 
O6-alkylating endogenous metabolites and environmental 
carcinogens. Interestingly, transcriptional repression of  
MGMT was associated with the accumulation of  GC-
AT transitional mutations in the p53 gene and, to a lesser 
extent, the k-ras gene in cholangiocarcinoma[26,36]. Lastly, 
the glutathione S-transferase P1 (GSTP1) gene, which 
inactivates electrophilic carcinogens by conjugation with 
glutathione is hypermethylated in cholangiocarcinoma, 
occurring in 6% to 34% of  cases studied[26,34]. Taken 
together, the hypermethylation of  genes responsible 
for DNA repair appears to be an important step in the 
carcinogenic process of  cholangiocarcinoma.

microRNA
To our knowledge, and to date, no genes involved in DNA 
repair have been identified as targets of  transcriptional 
control by microRNA in cholangiocarcinoma.

THE REGULATION OF GENES INVOLVED

IN INFLAMMATION
Methylation
Chronic inflammation, such as those seen in various 
cholestatic liver diseases, is a recognized risk factor 
for the development of  cholangiocarcinoma[27,28]. 
Therefore, it follows that certain mediators of  the 
infl ammatory process may be integral in the carcinogenic 
processes associated with neoplastic transformation of  
cholangiocytes[37-39]. Indeed, sustained overexpression of  
the cytokine interleukin-6 (IL-6) has been demonstrated to 
have an integral role in cholangiocarcinoma biology[38,39]. 
This aberrant overexpression of  IL-6 has recently been 
shown to be as a consequence of  the epigenetic silencing 
of  the suppressor of  cytokine signaling 3 (SOCS-3)[40].  
SOCS-3 promoter methylation was observed in a subset 
of  cholangiocarcinoma samples as well as in a number 
cholangiocarcinoma cell lines[40]. Enforced overexpression 
of  SOCS-3 in these cell lines effectively reduced the IL-6-
mediated signal transduction cascade[40]. Therefore the loss 
of  this negative regulator of  IL-6 in cholangiocarcinoma 
may contribute to the infl ated expression and activity of  
infl ammatory molecules seen in cholangiocarcinoma.

A downstream consequence of  aber rant IL-6 
expression may be the further hypermethylation of  
the promoter regions of  a number of  critical target 
genes in cholangiocarcinoma. IL-6 has been shown 
to regulate the enzyme activity of  one of  the DNA 
methyltransferases responsible for the hypermethylation 
of  promoter regions[41]. In cholangiocarcinoma cells, 
IL-6 overexpression resulted in the altered promoter 
methylat ion of  a number of  genes including the 
epidermal growth factor receptor (EGFR)[42]. EGFR 
promoter methylation was decreased and gene and protein 
expression increased by IL-6[42], suggesting that the 

epigenetic regulation of  gene expression by the inflated 
IL-6 expression seen in cholangiocarcinoma can contribute 
to tumor progression by altering the expression of  growth 
regulatory pathways, such as those involving EGFR[42].

microRNA 
In addit ion to changes in promoter methylat ion, 
aber rant IL-6 express ion in cholangiocarc inoma 
also has implications on microRNA expression and 
function. Enforced IL-6 overexpression in human 
cholangiocarcinoma cell lines significantly increased 
the expression of  several members of  the let-7 family 
of  microRNAs[22]. Expression of  let-7a contributes 
to the survival effects that are attributed to IL-6 over-
expression[22]. A putative target of  let-7a microRNA is the 
gene neurofibromatosis 2 (NF2)[22], which is a negative 
regulator of  Stat-3[43]. Thus, overexpression of  IL-6 in 
cholangiocarcinoma and subsequent upregulation of  let-
7a decreased the expression of  NF2, thereby removing the 
negative regulation of  Stat-3[22]. Constitutive activation of  
Stat-3 has been implicated in a number of  cancers and is 
thought to be responsible for the IL-6-mediated survival 
signaling[22].

THE REGULATION OF GENES INVOLVED

IN CELL ADHESION AND INVASION
Methylation
E-Cadherin is a calcium-dependent cell adhesion molecule 
that suppresses metastatic processes and tumor cell 
invasion[44-46]. In cholangiocarcinoma, methylation of  
the E-cadherin promoter occurred in up to 48% of  all 
samples studied[25,26,34,47]. Downregulation of  this gene by 
epigenetic changes has been reported in a number of  other 
cancers[44,45], and re-expression can be induced by treatment 
with a demethylating agent in cholangiocarcinoma[48].

microRNA
To our knowledge, no genes that are involved in cell 
adhesion or the metastatic process associated with 
cholangiocarcinoma biology have been shown to be 
regulated by microRNAs.

CONCLUSION
In conclusion, from the epigenetic changes summarized 
in this review, it is obvious that epigenetic silencing as well 
as genetic regulation by microRNAs play a very important 
role in the neoplastic transformation of  cholangiocytes to 
their malignant counterparts. A summary of  the changes in 
specifi c promoter hypermethylation and microRNA can be 
found in Tables 1 and 2 respectively. We acknowledge that 
this summary is far from complete and that more target 
genes are being described regularly. Further analysis and 
characterization of  these genetic and epigenetic changes, 
as well as the potential interplay between hypermethylation 
and microRNA expression will aid in the identifi cation of  
therapeutic targets for the design of  treatment strategies to 
combat this deadly malignancy.
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Abstract
Intrahepatic cholangiocarcinomas (ICC) are neoplasms 
that originate from cholangiocytes and can occur at 
any level of the biliary tree. Surgical resection is the 
current therapy of choice for this highly aggressive 
cancer. However, the 5-year survival still is poor, with 
high recurrence rates. Due to the intrahepatic growth a 
signifi cant proportion of patients present with advanced 
disease and are not candidates for curative surgery 
or transplantation. The existing palliative options are 
of limited benefit and there is a great necessity for 
novel therapeutic options. In this article we review the 
role of the phosphoinositide 3-kinase(PI3K)/ AKT and 
extracellular regulated kinase (ERK) signaling pathways 
in ICC and present new data on the prognostic value 
of these protein kinases. Finally, we discuss future 
upcoming therapeutic options based on targeting these 
signaling pathways.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Cholangiocarcinomas (CCC) are rare malignant tumors 

arising from the biliary tract. According to their anatomic 
location they can be categorized as either intrahepatic or 
extrahepatic. Although intrahepatic cholangiocarcinoma 
(ICC) is less frequent than extrahepatic carcinoma, within 
malignant liver tumors it ranks second after hepatocellular 
carcinoma. The incidence of  cholangiocarcinoma differs 
considerably in different geographic regions, with the 
incidence highest in Southeast Asia[1]. In western countries 
ICC accounts for about 10% of  primary liver malignancies 
with increasing incidence. Established risk factors for 
development of  cholangiocarcinoma are liver f luke 
infestation especially with opisthorchis viverini, primary 
sclerosing cholangitis, hepatolithiasis, anomalous biliary-
pancreatic malformation, choledochal cysts, thorotrast 
exposure, liver cirrhosis and hepatitis C infection[2]. 
However, most cholangiocarcinomas arise in the absence 
of  known underlying risk factors.

The prognosis of  ICC is very poor. Due to its 
intrahepatic localization, symptoms occur late in the course 
of  the disease and patients often present with an advanced 
tumor. Most patients exhibit a median survival of  less than
9 mo after diagnosis. To date, complete resection has been 
the only curative therapy. Recent trends are to advocate 
accurate preoperative staging with an aggressive surgical 
approach to achieve complete tumor resection[2,3]. In the 
majority of  patients ICC presents at an advanced stage 
or patients have associated co-morbidity that preclude 
surgery. This patient group needs adequate palliation such 
as chemotherapy. Biliary decompression, which can be 
achieved by surgery, radiology or endoscopy, is an additional 
palliative treatment option. However, since ICC rarely cause 
biliary congestion, these additional palliative options are 
rarely used.

The importance of  an optimal preoperative assessment 
of  resectability and the lack of  potent optional (adjuvant) 
therapeutic approaches, emphasize the necessity of  novel 
prognostic and predictive parameters. This review focuses 
on the relevance of  two central biological signaling 
pathways - namely the AKT and ERK1/2 pathway - in 
ICC. The development of  phospho-specifi c antibodies for 
immunohistochemistry allows the evaluation of  signaling 
activity of  these pathways in pathological specimens. 
Phosphorylation of  proteins either on specific tyrosine 
or serine residues is a posttranslational event modulating 
the activity of  many key signaling molecules in the cell 
including AKT and ERK1/2[4]. We recently demonstrated 
AKT and ERK phosphorylation as an independent 
prognostic parameter in breast cancer and colorectal cancer, 
respectively[5,6]. Others found an association of  AKT 
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and ERK1/2 with decreased survival in various human 
malignomas including breast cancer, colorectal cancer, 
pancreatic cancer, malignant melanoma, leukemia and 
mucoepidermoid cancer[5,7-10]. This review describes the 
biological background of  AKT and ERK in ICC, presents 
our own new data, analyses the potential prognostic 
relevance and discusses upcoming therapeutic options. 

GENERAL BIOLOGY OF THE AKT AND ERK 

SIGNALING PATHWAYS
AKT/PKB (Protein kinase B)
AKT is a central player in the regulation of  metabolism, 
cel l sur vival , moti l i ty, cel l cycle progress ion and 
transcription. AKT is a serine/threonine kinase and its 
activation is induced by phosphorylation mediated by 
Phosphoinositide (PI) 3-kinase (PI3K) in association with 
tyrosine kinase receptors. The AKT family comprises three 
mammalian isoforms, PKBα, PKBβ and PKBγ (AKT1, 
AKT2 and AKT3, respectively), which are products from 
different genes and share a conserved structure. AKT 
includes three functional domains: an N-terminal pleckstrin 
homology (PH) domain, a central kinase domain, and a 
C-terminal regulatory domain. PI3K is localized upstream 
of  the AKT kinase and is essential for the activation of  
AKT. PI3K and thereby AKT are activated upon (1) 
autophosphorylation of  receptor tyrosine kinases induced 
by ligands (such as growth factors), (2) activation of  
cytokine receptors, (3) stimulation of  G-Protein coupled 
receptors, or (4) activation of  integrin signaling[11,12]. Upon 
PI3K mediated generation of  the second messenger 
PtdIns (3,4,5) P3 AKT is translocated from the cytoplasm 
to the plasma membrane. Once recruited to the membrane, 
AKT is activated by a phosphoinositide-dependent kinase 
1 and 2 (PDK1, PDK2) dependent multistep process that 
results in the phosphorylation of  both Threonine 308 
and Serine 473 residues necessary for full AKT activation. 
Due to the great number of  downstream substrates AKT 
kinase modulates a variety of  central cellular processes as 
summarized in Figure 1. 

ERK (extracellular regulated kinases)
ERK1/2 - also referred to as p44 and p42 MAP kinases 
- are ubiquitously expressed kinases and represent one 
component of  the three mitogen activated protein kinases 
(MAPK) cascades that are activated by an enormous 
array of  stimuli. The MAPK pathways phosphorylate and 
activate numerous proteins, including transcription factors, 
cytoskeletal proteins, kinases and other enzymes. Each of  
the three MAPK pathways contains a three-tiered kinase 
cascade comprising a MAP kinase kinase kinase (synonyms: 
MAPKKK, MAP3K, MEKK or MKKK), a MAP kinase 
kinase (synonyms: MPKK, MAP2K, MEK or MKK) and 
the MAPK. This review focuses on ERK1 and ERK2 
that form a part of  the MAPK module containing Raf  
MAPKKKs (A-Raf- B-Raf, C-Raf/Raf1) and the MEK1/
MEK2 MAPKKs. All MAPKs are activated by dual 
phosphorylation of  the conserved threonine and tyrosine 
residues. ERK1 and ERK2 are induced by stimuli such as 
tyrosine receptor kinases or G-protein coupled receptors. 

This leads to activation of  Ras, which then triggers a 
complex network including the activation of  Raf  isoforms. 
ERK1/2 exhibit a variety of  substrates including several 
key transcription factors (Figure 1). Depending upon the 
intensity and duration of  stimulation ERK1/2 can result 
in proliferation of  differentiation[13].

TARGETS OF THE AKT AND ERK

PATHWAY
Both AKT and ERK mediate their effect via several 
substrates, which may be localized in the nuclei or in the 
cytoplasm. AKT can potentially phosphorylate over 9000 
substrates in mammalian cells including typical cytoplasmic 
as well as nuclear proteins. Thus, AKT activity not 
surprisingly can be detected in both the nucleus and the 
cytoplasm[14]. When interpreting immunohistochemically 
stained tissue slides, it is important to keep the subcellular 
localization of  activated AKT or ERK in mind. Moreover 
it seems as if  both kinases show different subcellular 
localizations in various human carcinomas. In a colon 
cancer study, we showed pAKT immuno-localization in 
the nucleus and cytoplasm[6], in contrast to our results in 
ICC with a restricted immunoreactivity in the cytoplasm.

Cytosolic substrates for ERK include several pathway 
components involved in ERK negat ive feedback 
regulation. Multiple residues on SOS (son of  sevenless 
homolog) are phosphorylated by ERK following growth 
factor stimulation. SOS phosphorylation destabilizes the 
SOS-Grb2 complex, eliminating SOS recruitment to the 
plasma membrane and interfering with Ras activation of  
the ERK pathway. It has also been proposed that negative 
feedback by ERK occurs through direct phosphorylation 
of  the epidermal growth factor EGF receptor at Thr669[15].

ERK1 and ERK2 regulate transcription indirectly by 
phosphorylating the 90 kDa ribosomal protein S6 kinases 
(RSKs), a family of  broadly expressed Ser/Thr kinases 
activated in response to mitogenic stimuli, including growth 
factors and tumor-promoting phorbol esters[16]. Active RSKs 
appear to play a major role in transcriptional regulation, 
translocating to the nucleus and phosphorylating such 
factors as the product of  proto-oncogene c-fos at Ser362, 
serum response factor (SRF) at Ser103, and cyclic AMP 
response element-binding protein (CREB) at Ser133[17,18]. 
Recent studies revealed a spatial control of  ERK signaling 
by Sef  (similar expression of  FGF), a recently identified 
inhibitor, whose action mechanisms are not fully defined. 
Sef  acts as a molecular switch for ERK signaling by 
specifi cally inhibiting nuclear translocation of  ERK without 
inhibiting its activity in the cytoplasm[19]. Further studies are 
necessary to elucidate the regulatory mechanisms of  Sef.

Upon phosphorylation, nuclear translocation of  ERK1 
and ERK2 is critical for both gene expression and DNA 
replication induced by growth factors. Probably the best-
characterized transcription factor substrates of  ERKs are 
ternary complex factors (TCFs) including Elk-1, which is 
directly phosphorylated by ERK1 and ERK2 at multiple 
sites[20]. Upon complex formation with SRF, phosphorylated 
TCFs transcriptionally activate the numerous mitogen-
inducible genes regulated by serum response elements 



several growth factors/survival factors, stimulation of  
G-protein-coupled receptors, or activation of  integrin 
signaling. Due to the great array of  activators relevant to 
different human cancers, we will focus on those activators 
that are likely to be specifi c for ICC. 

Activation by growth factors
Both the AKT and the ERK pathway are inducible via 
growth factor stimulation. It is known that a subset of  ICC 
exhibit overexpression of  the EGF and HER-2 receptor[34]. 
Indeed, in our study group 21.3% (13/61) of  ICC showed 
strong EGFR overexpression, which was confirmed by 
others[35]. Due to the relatively large subset of  ICC with 
EGF or HER-2 expression activation of  these ligands 
might be relevant for the progression of  ICC.

Activation by cytokine receptors
A well-known risk factor for the development of  
cholangiocarcinoma is chronic inflammation. Chronically 
inflamed biliary epithelium is exposed to cytokines and 
chemokines. Indeed, cholangiocarcinoma cells constitutively 
secrete Interleukin 6 (IL-6), which is supposed to be a 
pivotal cytokine for cholangiocarcinogenesis[36-38]. A recent 
paper found ERK1/2 and AKT in cholangiocarcinoma cell 
lines to be activated via the cytokine receptor C-X-C motif  
chemokine receptor 4 (CXCR4) via the CXC chemokine 
ligand 12 (CXCL12). Thus, infl ammation signals mediated 
by cytokine receptors are capable of  inducing the ERK and 
AKT pathway[39].

Activation by oncogenes 
It is crucial to know that AKT and ERK can be induced 
by mutation of  oncogenes such as Ras and Braf. Ras is 
frequently mutated in many tumors, and is associated 
with constitutive activation of  the ERK1/2 MAPKs. A 

Figure 1  Overview of the AKT and 
ERK signaling pathway. Infl ammation,
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(SREs)[21]. Another direct target of  ERK, at least in vitro, 
is the product of  proto-oncogene c-myc, a short-lived 
transcription factor involved in multiple aspects of  growth 
control[22].

AKT may mediate its functions both in the cytoplasm 
and in the nucleus. AKT phosphorylates a great variety 
of  substrates involved in the regulation of  key cellular 
functions including cell growth and survival, glucose 
metabolism and protein translation. Most of  the well-known 
targets are located in the cytoplasm but it is noteworthy 
that many of  the substrates of  AKT are proteins that 
function in the nucleus. Some relevant cytoplasmic targets 
of  AKT are GSK3 (glycogen synthase kinase), IRS-1 (insulin 
receptor substrate-1), PDE-3B (phosphodiesterase-3B), 
BAD, human caspase 9, Forkhead and NF-B transcription 
factors, BRCA1, MDM2 (murine double minute), mTOR 
(mammalian target of  rapamycin), eNOS (endothelial 
nitric oxide synthase), Raf  protein kinase and p21Cip/Waf1. 
Several of  these targets such as MDM2 translocate to 
the nucleus upon activation via AKT [23-28]. Similar to 
ERK1/2, immunohistochemical analysis of  pAKT in 
various human cancers shows both cytoplasmic and nuclear 
immunoreactivity. In vitro studies showed that AKT is 
activated by membrane localization and later translocated to 
the cytosol and nucleus[29]. The function of  nuclear activated 
AKT is not yet fully understood. Among the nuclear 
substrates there are fatty acid synthase[30], estrogen and 
androgen hormone receptors[31,32] and transcriptional factors 
of  the FOXO family[33]. All these factors are supposed to 
increase cell survival.

SPECIAL ASPECTS OF AKT AND ERK IN

CHOLANGIOCARCINOMA
Both the AKT and ERK pathways can be activated via 



recent study showed that in contrast to hepatocellular 
carcinoma (HCC), K-ras and Braf mutations are a frequent 
event in cholangiocarcinoma[40]. In fact 22% of  the 
cholangiocarcinoma analysed exhibited a K-ras mutation 
and 45% a B-Raf mutation, respectively.

Since Ras and Braf  proteins are members of  the Ras/
Raf/MAPKKK/MAPKK/MAPK pathway, activating 
mutations of  K-ras and B-raf should result in increased 
activation of  MAPK. Indeed it was shown, that tumors 
harboring a B-raf mutation exhibited stronger ERK1/2 
immunostaining[40]. K-ras mutations are a frequent event 
in colorectal cancer and we recently demonstrated a 
consecutive activation of  the ERK pathway in cancers 
with mutated K-ras[6]. These data indicate that frequent 
disruption of  alterations in the Ras/Raf/MAPKKK/
MAPKK/MAPK pathway, either by Ras or Braf mutations, 
may play a central role in cholangiocellular carcinogenesis. 

Activation by bile acids 
Cholangiocytes are exposed to high concentrations of  bile 
acids. It is known that bile acids after cellular uptake by 
apical sodium bile acid cotransporter (ASBT), are capable 
of  altering the AKT and ERK signaling pathways[41]. 
Moreover, the EGFR-pathway appears to be activated by 
extracellular bile acids via its ligand transforming growth 
factor TGF-alpha in cholangiocytes[42] and the human 
cholangiocarcinoma cell line[43]. The EGFR pathway, once 
activated initiates several signaling cascades, including the 
AKT and ERK pathways.

ERK AND AKT PATHWAYS AND

PROGNOSIS
Little is known about the prognostic relevance of  the ERK 
and AKT pathways in intrahepatic cholangiocarcinoma. 
In fact, there is only one study that was based on a small 
cohort of  24 samples that does not discriminate between 
extra- and intrahepatic cholangiocarcinoma[44]. Thus, we 
aimed to elucidate the clinical impact of  activated AKT 
and ERK pathways in a large and homogenous cohort of  
solely intrahepatic cholangiocarcinoma. 

We would like to present new data derived from a large 
study of  62 intrahepatic cholangiocarcinomas. Between 
1998 and 2006 a total of  62 patients with a mean age of  
58 ± 11.5 years were available for this study. The study 
comprised consecutive patients who underwent surgery for 
liver resection. Patients solely undergoing an explorative 
laparatomy without subsequent resection or with hilar 
cholangiocarcinoma, gallbladder carcinoma or mixed 
hepato/-CCC were excluded from the study. The diagnosis 
of  ICC was based on histology by examination of  the 
resected liver specimen. 

IMMUNOHISTOCHEMISTRY (IHC)
Phospho-AKT and Phospho-ERK 
Immunostaining with pAKT (1/2/3) serine 473 was 
carried out with a monoclonal anti-phospho-AKT antibody 
(Cell Signaling Technology, Beverly, Massachusetts, USA). 
Subsequent to antibody retrieval, the primary antibodies 

were incubated for 30 min at 1:20 dilution. Antibody 
detection was performed with peroxidase-conjugated 
streptavidin and diaminobenzidine as chromogen. Tumors 
were classified according to their cytoplasmic staining 
intensity: negative (0), moderate (1) and strong (2). 

Monoclonal phospho-p44/42 MAPK antibody 
(threonine 202/ tyrosine 204; Cell Signaling Technology, 
Beverly, Massachusetts, USA) was used at a 1:100 dilution. 
Tumor cells with strong specific immunostaining, 
independent of  the amount of  stained cells, were scored as 
strongly positive (2+). Tumors exhibiting a detectable but 
faint immunostaining were scored as weak (1+), whereas 
tumors with a minimal, hardly detectable or missing 
staining pattern were classifi ed as negative (0).

EGFR
Immunostaining with EGFR was carried out with a 
monoclonal anti-EGFR antibody (Zymed Laboratories 
Inc, CA, USA). The primary antibodies were incubated 
for 30 min at 1:100 dilution. Antibody demonstration was 
achieved using the commercially available anti-mouse IgG 
detection kit (EnVision, DakoCytomation, Carpenteria, 
CA, USA). Classification was performed following the 
guidelines of  PharmDxTm (DakoCytomation). Tumor 
samples lacking immunostaining were classifi ed as negative 
(0), whereas the remaining were classifi ed into 1+, 2+ or 
3+ depending on the level of  immunoreactivity.

Ki67 Immunostaining, TUNEL 
The growth fraction was determined as previously 
described[45]. In situ DNA fragmentation was established 
using the terminal desoxyribonucleotide transferase (TdT)-
mediated dUTP nick end labelling technique (TUNEL) as 
previously described[45]. 

Statistical analysis
Immunostainings were assessed by two of  the authors 
in a blind-trial fashion without knowledge of  the clinical 
outcome. Interobserver agreement[46] of  pERK and pAKT 
was substantial (kappa = 0.78 and 0.63). Relationships 
between ordinal parameters were investigated using two 
tailed χ2 analysis (or Fisher's exact test where patient 
numbers were small). Overall survival (OS) curves were 
estimated using the Kaplan-Meier method, and any 
differences in the survival curves were compared by the 
log-rank test. 

IHC of pAKT, pERK and EGFR
Immunostaining for pAKT was localized to the cytoplasm 
of  tumor cells. Twenty two patients (37.3%) were classifi ed 
as negative, 24 (40.7%) as moderately positive and 13 (22%) 
as strongly positive. Immunostaining of  pERK exhibited 
a specific nuclear and cytoplasmatic staining pattern. 
Representative pAKT and pERK immunostainings are 
shown in Figure 2. In all, 26 (41.9%) tumors lacked pERK 
immunostaining, 19 (30.6%) tumors exhibited a moderate 
staining intensity and 17 (27.4%) tumors were classifi ed as 
strongly positive. Immunostaining of  EGFR was localized 
to the membrane of  the tumor cells. Due to the lack of  
paraffin material, two cases were excluded from EGFR-
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IHC. In all, 12 (19.7 %) tumors were classifi ed as negative, 
19 (31.1 %) as 1+, 17 (28.9%) as 2+ and 13 (21.3%) 
as 3+. χ2 analysis revealed that EGFR-positive tumors 
(1+, 2+, 3+) had a statistically signifi cant association with 
AKT activation (P = 0.028; Figure 5) but not with ERK 
activation. Kaplan-Meier survival analysis did not reveal a 
prognostic relevance of  pAKT, pERK (Figures 3 and 4) 
or EGFR expression nor were any of  the parameters 
associated with apoptosis or growth fraction (data not 
shown). 

CONCLUSION
The ERK and AKT pathways are of  central relevance and 
can induce growth factor independent growth, insensitivity 
to apoptotic signals, ability to invade and alter response to 
chemotherapeutic drugs. The fact that mutations of  the 
Ras/Raf/MAPKKK/MAPKK/MAPK pathway occur 
in more than 60% of  cholangiocarcinomas indicates the 
importance of  these pathways for the carcinogenesis of  
cholangiocarcinomas and highlights new strategies in the 
treatment of  this disease[47]. Moreover, the finding of  a 
relatively large subset of  ICC presenting overexpression 
of  growth factors such as EGFR and HER-2/neu support 
the notion, that these growth factors play a relevant role 

in the progression of  ICC. Our results support the notion 
that the AKT but not the ERK1/2 pathway is induced 
by EGFR overexpression, since we found a coexpression 
of  pAKT and EGFR in ICC. However, neither ERK1/2 
nor AKT activation influenced patient survival in this 
large series of  ICC. Thus, both kinases may not serve 
as potential prognostic markers in this highly aggressive 
disease. Our results are in contrast to a previous study 
suggesting AKT as a favourable prognostic parameter 
in cholangiocarcinoma[44]. This study by Javle et al did 
not discriminate between intrahepatic and extrahepatic 
cholangiocarcinoma and is based on a small cohort with 
24 patients; thus, the data derived should be interpreted 
with caution. The main advantage of  the present study 
is the large number of  patients (n = 62) in combination 
with a high homogeneity of  this series composed of  
consecutively resected ICC.

Both the AKT and ERK pathways are topics of  
preclinical and clinical trials. A promising candidate is the 
multikinase inhibitor Sorafenib, which inhibits several 

A B

Figure 2  Light micrograph displaying strong phospho-ERK1/2 (A) and strong 
phospho-AKT (B) expression as analyzed by immunohistochemistry in intrahepatic 
cholangiocarcinoma (x 400).
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Figure 4  Kaplan-Meier survival plot for disease specific overall survival in 
the complete series of 59 intrahepatic cholangiocarcinoma in relation to pAKT 
immunostaining intensity. Log-rank test: P = 0.618.
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Figure 3  Kaplan-Meier survival plot for disease specific overall survival in the 
complete series of 62 intrahepatic cholangiocarcinoma in relation to pERK 
immunostaining intensity. Log-rank test: P = 0.242.
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Figure 5  Intrahepatic cholangiocarcinoma with positive EGFR expression exhibit 
signifi cantly more frequent AKT activation (χ2 analysis: P = 0.028).
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kinases including the Raf  kinase, an upstream activator 
of  the ERK pathway[48,49]. A recent study published the 
results of  a phase Ⅱ study of  sorafenib in patients with 
advanced hepatocellular carcinoma. It was demonstrated 
that HCC patients with higher pERK baseline levels had 
a longer time to progression following treatment with 
sorafenib thus pointing towards the possible relevance 
of  activated pERK as an useful biomarker in HCC[48,49]. 
With regard to carcinomas of  the biliary system the 
results of  a phase Ⅱ study of  sorafenib in patients with 
unresectable or metastastic gallbladder carcinoma or 
cholangiocarcinoma have been presented in Abstract 
form[50]. Sorafenib as a single agent did not result in a 
clinically signifi cant objective response rate in patients with 
gallbladder and cholangiocarcinoma, but demonstrated an 
impact on survival that may be comparable to commonly 
used chemotherapy regimens. These promising data point 
towards novel therapeutic options utilizing multikinase 
inhibitors such as Sorafenib. In addition, the inhibition 
of  upstream activators of  the AKT and ERK pathways 
such as EGFR and HER-2 might also constitute novel 
therapeutic approaches. The results in a small number of  
patients showed that cetuximab, a monoclonal antibody 
against EGFR, is well tolerated and provides good 
palliative effects in advanced cholangiocarcinoma[51].

Despite the widely acknowledged potential of  AKT 
inhibitors as anticancer therapy, few have made it to clinical 
trials. Wortmannin and LY294002 may have limited clinical 
utility owing to their lack of  specifi city, associated adverse 
effects, poor pharmacology, and poor solubility[52,53]. 
In vivo use of  LY294002 in mice has been associated with 
many adverse effects, including death[54]. Furthermore, in 
mice, Wortmannin induces liver and bone marrow toxicity, 
and LY294002 can induce dermatitis and inhibit growth. 
Therefore, although Wortmannin and LY294002 inhibit 
the PI-3K/AKT pathway, their drawbacks raise doubts 
about their suitability as leading candidates for additional 
drug development.

Currently studies aimed at testing the clinical relevance 
of  AKT inhibitors such as VQD-002, [Triciribine 
(TCN-P)] which is a tricyclic nucleoside that inhibits 
activated AKT, are being conducted. For example, the 
MD Anderson Cancer Center, Houston, TX (USA), and 
the H. Lee Moffi tt Cancer Center, Tampa, FL (USA) have 
an ongoing Phase Ⅰ/Ⅱa clinical trial with VQD-002 in 
ovarian, pancreatic, breast, and colorectal cancer patients 
with tumors that over-express AKT (http://www.
vioquestpharm.com/content/VQ0A002_about.html). 
Regarding the MAPK pathway, oral MEK inhibitors such 
as CI-1040 are currently being tested in a multicenter 
phase Ⅱ study in patients with advanced non-small-cell 
lung, breast, colon, and pancreatic cancer[55].

In addition to the above-mentioned kinases, another 
potential therapeutic target is worth mentioning. Against 
the background of  NSAIDs, recent studies have evaluated 
selective COX-inhibitors for their effect on cell growth 
and invasion of  cholangiocarcinoma cells in vitro and 
in nude mice[56-60]. Treatment with COX-2 inhibitors 
resulted in induced apoptosis and inhibited proliferation. 
In a recent study we demonstrated the independent 

prognostic value of  immunohistochemical COX-2 protein 
expression in resected ICC[45], thereby offering a further 
potential additional adjuvant therapeutic approach with 
COX-2 inhibitors facilitating an optimised therapeutic 
strategy. Moreover COX-2 may serve as a target for 
chemoprevention in high-risk patients.

Significant progress has been made in understanding 
this disease, and patients are being diagnosed earlier at 
specialized centers. Moreover, an optimized preoperative 
assessment of  resectability as well as an aggressive 
intraoperative approach to achieve complete tumor 
resection might increase long-term survival[3]. However, a 
signifi cant proportion of  patients present with advanced 
disease and are not candidates for curative surgery. The 
palliative options, mainly consisting of  chemotherapy, 
are of  limited benefit, as cholangiocarcinomas respond 
poorly to existing therapies. Therefore, further clinical 
and preclinical trials are necessary in order to develop 
novel therapeutic options based on new tumor targets 
such as AKT, ERK and EGFR. Although the activation 
of  these pathways did not show an impact on survival 
in ICC - at least in this study - in contrast to many other 
human carcinomas, an interruption of  these pathways or 
associated signaling molecules by specifi c inhibitors might, 
nevertheless, have favorable effects on long-term survival 
for this highly aggressive cancer. 

REFERENCES
1 Shaib Y, El-Serag HB. The epidemiology of cholangiocarcinoma. 

Semin Liver Dis 2004; 24: 115-125
2 Patel T. Cholangiocarcinoma. Nat Clin Pract Gastroenterol Hepatol 

2006; 3: 33-42
3 Lang H, Sotiropoulos GC, Fruhauf NR, Domland M, Paul A, 

Kind EM, Malago M, Broelsch CE. Extended hepatectomy 
for intrahepatic cholangiocellular carcinoma (ICC): when is it 
worthwhile? Single center experience with 27 resections in 50 
patients over a 5-year period. Ann Surg 2005; 241: 134-143

4 Hunter T. A thousand and one protein kinases. Cell 1987; 50: 
823-829

5 Schmitz KJ, Otterbach F, Callies R, Levkau B, Holscher M, 
Hoffmann O, Grabellus F, Kimmig R, Schmid KW, Baba HA. 
Prognostic relevance of activated Akt kinase in node-negative 
breast cancer: a clinicopathological study of 99 cases. Mod 
Pathol 2004; 17: 15-21

6 Schmitz KJ, Wohlschlaeger J, Alakus H, Bohr J, Stauder MA, 
Worm K, Winde G, Schmid KW, Baba HA. Activation of 
extracellular regulated kinases (ERK1/2) but not AKT predicts 
poor prognosis in colorectal carcinoma and is associated with 
k-ras mutations. Virchows Arch 2007; 450: 151-159

7 Dai DL, Martinka M, Li G. Prognostic signifi cance of activated 
Akt expression in melanoma: a clinicopathologic study of 292 
cases. J Clin Oncol 2005; 23: 1473-1482

8 Min YH, Eom JI, Cheong JW, Maeng HO, Kim JY, Jeung HK, 
Lee ST, Lee MH, Hahn JS, Ko YW. Constitutive phosphorylation 
of Akt/PKB protein in acute myeloid leukemia: its signifi cance 
as a prognostic variable. Leukemia 2003; 17: 995-997

9 Xu X, Sakon M, Nagano H, Hiraoka N, Yamamoto H, Hayashi 
N, Dono K, Nakamori S, Umeshita K, Ito Y, Matsuura N, 
Monden M. Akt2 expression correlates with prognosis of 
human hepatocellular carcinoma. Oncol Rep 2004; 11: 25-32

10 Yamamoto S, Tomita Y, Hoshida Y, Morooka T, Nagano H, 
Dono K, Umeshita K, Sakon M, Ishikawa O, Ohigashi H, 
Nakamori S, Monden M, Aozasa K. Prognostic signifi cance of 
activated Akt expression in pancreatic ductal adenocarcinoma. 
Clin Cancer Res 2004; 10: 2846-2850

11 Wymann MP, Zvelebil M, Laffargue M. Phosphoinositide 

Schmitz KJ et al.  AKT and ERK1/2 signaling in intrahepatic cholangiocarcinoma                                                   6475

www.wjgnet.com



3-kinase signalling--which way to target? Trends Pharmacol Sci 
2003; 24: 366-376

12 Foster FM, Traer CJ, Abraham SM, Fry MJ. The phosphoinositide 
(PI) 3-kinase family. J Cell Sci 2003; 116: 3037-3040

13 Marshall CJ. Specifi city of receptor tyrosine kinase signaling: 
transient versus sustained extracellular signal-regulated 
kinase activation. Cell 1995; 80: 179-185

14 Rosner M, Hanneder M, Freilinger A, Hengstschlager M. 
Nuclear/cytoplasmic localization of Akt activity in the cell 
cycle. Amino Acids 2007; 32: 341-345

15 Northwood IC, Gonzalez FA, Wartmann M, Raden DL, 
Davis RJ. Isolation and characterization of two growth factor-
stimulated protein kinases that phosphorylate the epidermal 
growth factor receptor at threonine 669. J Biol Chem 1991; 266: 
15266-15276

16 Chen RH , Chung J , Blenis J . Regulat ion of pp90rsk 
phosphorylation and S6 phosphotransferase activity in Swiss 
3T3 cells by growth factor-, phorbol ester-, and cyclic AMP-
mediated signal transduction. Mol Cell Biol 1991; 11: 1861-1867

17 Xing J, Ginty DD, Greenberg ME. Coupling of the RAS-
MAPK pathway to gene activation by RSK2, a growth factor-
regulated CREB kinase. Science 1996; 273: 959-963

18 Chen RH, Abate C, Blenis J. Phosphorylation of the c-Fos 
transrepression domain by mitogen-activated protein kinase 
and 90-kDa ribosomal S6 kinase. Proc Natl Acad Sci USA 1993; 
90: 10952-10956

19 Torii S, Kusakabe M, Yamamoto T, Maekawa M, Nishida E. 
Sef is a spatial regulator for Ras/MAP kinase signaling. Dev 
Cell 2004; 7: 33-44

20 Marais R, Wynne J, Treisman R. The SRF accessory protein 
Elk-1 contains a growth factor-regulated transcriptional 
activation domain. Cell 1993; 73: 381-393

21 Gille H, Kortenjann M, Thomae O, Moomaw C, Slaughter C, 
Cobb MH, Shaw PE. ERK phosphorylation potentiates Elk-
1-mediated ternary complex formation and transactivation. 
EMBO J 1995; 14: 951-962

22 Gupta S, Seth A, Davis RJ. Transactivation of gene expression 
by Myc is inhibited by mutation at the phosphorylation sites 
Thr-58 and Ser-62. Proc Natl Acad Sci USA 1993; 90: 3216-3220

23 Altiok S, Batt D, Altiok N, Papautsky A, Downward J, Roberts 
TM, Avraham H. Heregulin induces phosphorylation of 
BRCA1 through phosphatidylinositol 3-Kinase/AKT in breast 
cancer cells. J Biol Chem 1999; 274: 32274-32278

24 Datta SR, Brunet A, Greenberg ME. Cellular survival: a play 
in three Akts. Genes Dev 1999; 13: 2905-2927

25 Zhou BP, Liao Y, Xia W, Spohn B, Lee MH, Hung MC. 
Cytoplasmic localization of p21Cip1/WAF1 by Akt-induced 
phosphorylation in HER-2/neu-overexpressing cells. Nat Cell 
Biol 2001; 3: 245-252

26 Zimmermann S, Moelling K. Phosphorylation and regulation 
of Raf by Akt (protein kinase B). Science 1999; 286: 1741-1744

27 Schmitz KJ, Grabellus F, Callies R, Wohlschlaeger J, Otterbach F, 
Kimmig R, Levkau B, Schmid KW, Baba HA. Relationship and 
prognostic signifi cance of phospho-(serine 166)-murine double 
minute 2 and Akt activation in node-negative breast cancer with 
regard to p53 expression. Virchows Arch 2006; 448: 16-23

28 Chen WS, Xu PZ, Gottlob K, Chen ML, Sokol K, Shiyanova 
T, Roninson I, Weng W, Suzuki R, Tobe K, Kadowaki T, Hay 
N. Growth retardation and increased apoptosis in mice with 
homozygous disruption of the Akt1 gene. Genes Dev 2001; 15: 
2203-2208

29 Franke TF, Kaplan DR, Cantley LC. PI3K: downstream 
AKTion blocks apoptosis. Cell 1997; 88: 435-437

30 Van de Sande T, Roskams T, Lerut E, Joniau S, Van Poppel H, 
Verhoeven G, Swinnen JV. High-level expression of fatty acid 
synthase in human prostate cancer tissues is linked to activation 
and nuclear localization of Akt/PKB. J Pathol 2005; 206: 214-219

31 Vilgelm A, Lian Z, Wang H, Beauparlant SL, Klein-Szanto A, 
Ellenson LH, Di Cristofano A. Akt-mediated phosphorylation 
and activation of estrogen receptor alpha is required for 
endometrial neoplastic transformation in Pten+/- mice. Cancer 
Res 2006; 66: 3375-3380

32 Lin HK, Yeh S, Kang HY, Chang C. Akt suppresses androgen-
induced apoptosis by phosphorylating and inhibiting 
androgen receptor. Proc Natl Acad Sci USA 2001; 98: 7200-7205

33 V o g t P K ,  J i a n g H , A o k i M . T r i p l e l a y e r c o n t r o l : 
phosphorylation, acetylation and ubiquitination of FOXO 
proteins. Cell Cycle 2005; 4: 908-913

34 Settakorn J, Kaewpila N, Burns GF, Leong AS. FAT, E-cadherin, 
beta catenin, HER 2/neu, Ki67 immuno-expression, and 
histological grade in intrahepatic cholangiocarcinoma. J Clin 
Pathol 2005; 58: 1249-1254

35 Nonomura A, Ohta G, Nakanuma Y, Izumi R, Mizukami 
Y, Matsubara F, Hayashi M, Watanabe K, Takayanagi N. 
Simultaneous detection of epidermal growth factor receptor 
(EGF-R), epidermal growth factor (EGF) and ras p21 in 
cholangiocarcinoma by an immunocytochemical method. Liver 
1988; 8: 157-166

36 Park J, Tadlock L, Gores GJ, Patel T. Inhibition of interleukin 
6-mediated mitogen-activated protein kinase activation 
attenuates growth of a cholangiocarcinoma cell line. Hepatology 
1999; 30: 1128-1133

37 Isomoto H , Kobayashi S, Werneburg NW, Bronk SF, 
Guicciardi ME, Frank DA, Gores GJ. Interleukin 6 upregulates 
myeloid cell leukemia-1 expression through a STAT3 pathway 
in cholangiocarcinoma cells. Hepatology 2005; 42: 1329-1338

38 Moss SF, Blaser MJ. Mechanisms of disease: Infl ammation and 
the origins of cancer. Nat Clin Pract Oncol 2005; 2: 90-97; quiz 1 
p following 113

39 Kobayashi S, Werneburg NW, Bronk SF, Kaufmann SH, 
Gores GJ. Interleukin-6 contributes to Mcl-1 up-regulation 
and TRAIL resistance via an Akt-signaling pathway in 
cholangiocarcinoma cells. Gastroenterology 2005; 128: 2054-2065

40 Tannapfel A, Sommerer F, Benicke M, Katalinic A, Uhlmann 
D, Witzigmann H, Hauss J, Wittekind C. Mutations of the 
BRAF gene in cholangiocarcinoma but not in hepatocellular 
carcinoma. Gut 2003; 52: 706-712

41 Xia X, Francis H, Glaser S, Alpini G, LeSage G. Bile acid 
interactions with cholangiocytes. World J Gastroenterol 2006; 12: 
3553-3563

42 Werneburg NW, Yoon JH, Higuchi H, Gores GJ. Bile acids 
activate EGF receptor via a TGF-alpha-dependent mechanism 
in human cholangiocyte cell lines. Am J Physiol Gastrointest 
Liver Physiol 2003; 285: G31-G36

43 Yoon JH, Higuchi H, Werneburg NW, Kaufmann SH, Gores GJ. 
Bile acids induce cyclooxygenase-2 expression via the epidermal 
growth factor receptor in a human cholangiocarcinoma cell line. 
Gastroenterology 2002; 122: 985-993

44 Javle MM, Yu J, Khoury T, Chadha KS, Iyer RV, Foster 
J, Kuvshinoff BW, Gibbs JF, Geradts J, Black JD, Brattain 
MG. Akt expression may predict favorable prognosis 
in cholangiocarcinoma. J Gastroenterol Hepatol 2006; 21: 
1744-1751

45 Schmitz KJ, Lang H, Wohlschlaeger J, Reis H, Sotiropoulos 
GC, Schmid KW, Baba HA. E levated express ion o f 
cyclooxygenase-2 is a negative prognostic factor for overall 
survival in intrahepatic cholangiocarcinoma. Virchows Arch 
2007; 450: 135-141

46 Landis JR, Koch GG. The measurement of observer agreement 
for categorical data. Biometrics 1977; 33: 159-174

47 Peyssonnaux C, Eychene A. The Raf/MEK/ERK pathway: 
new concepts of activation. Biol Cell 2001; 93: 53-62

48 Liu L, Cao Y, Chen C, Zhang X, McNabola A, Wilkie D, 
Wilhelm S, Lynch M, Carter C. Sorafenib blocks the RAF/
MEK/ERK pathway, inhibits tumor angiogenesis, and induces 
tumor cell apoptosis in hepatocellular carcinoma model PLC/
PRF/5. Cancer Res 2006; 66: 11851-11858

49 Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro A, 
Figer A, De Greve J, Douillard JY, Lathia C, Schwartz B, Taylor 
I, Moscovici M, Saltz LB. Phase II study of sorafenib in patients 
with advanced hepatocellular carcinoma. J Clin Oncol 2006; 24: 
4293-4300

50 El-Khoueiry AB, Rankin C, Lenz HJ. SWOG 0514: a phase II 
study of sorafenib (BAY 43-9006) as single agent in patients 

6476      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     December 28, 2007    Volume 13     Number 48

www.wjgnet.com



(pts) with unresectable or metastatic gallbladder cancer or 
cholangiocarcinomas. J Clin Oncol 2007; 25 Suppl 18, A4639

51 Paule B, Bralet M, Herelle M, Rage E, Ducreux M, Guettier C, 
Adam R. Cetuximab plus gemcitabine/oxaliplatin (GEMOX) 
for patients with unresectable/recurrent intrahepatic 
cholangiocarcinoma refractory to GEMOX. J Clin Oncol 2007; 
24 Suppl 18: 14084

52 West KA, Castillo SS, Dennis PA. Activation of the PI3K/Akt 
pathway and chemotherapeutic resistance. Drug Resist Updat 
2002; 5: 234-248

53 Guo H, Gao C, Mi Z, Zhang J, Kuo PC. Characterization of the 
PC4 binding domain and its interactions with HNF4alpha. J 
Biochem (Tokyo) 2007; 141: 635-640

54 Hu L, Zaloudek C, Mills GB, Gray J, Jaffe RB. In vivo and in vitro 
ovarian carcinoma growth inhibition by a phosphatidylinositol 
3-kinase inhibitor (LY294002). Clin Cancer Res 2000; 6: 880-886

55 Rinehart J, Adjei AA, Lorusso PM, Waterhouse D, Hecht JR, 
Natale RB, Hamid O, Varterasian M, Asbury P, Kaldjian EP, 
Gulyas S, Mitchell DY, Herrera R, Sebolt-Leopold JS, Meyer 
MB. Multicenter phase II study of the oral MEK inhibitor, 
CI-1040, in patients with advanced non-small-cell lung, breast, 

colon, and pancreatic cancer. J Clin Oncol 2004; 22: 4456-4462
56 Zhang Z, Lai GH, Sirica AE. Celecoxib-induced apoptosis in 

rat cholangiocarcinoma cells mediated by Akt inactivation and 
Bax translocation. Hepatology 2004; 39: 1028-1037

57 Wu T, Leng J, Han C, Demetris AJ. The cyclooxygenase-2 
inhibitor celecoxib blocks phosphorylation of Akt and induces 
apoptosis in human cholangiocarcinoma cells. Mol Cancer Ther 
2004; 3: 299-307

58 Han C , Leng J, Demetris AJ, Wu T. Cyclooxygenase-2 
promotes human cholangiocarcinoma growth: evidence for 
cyclooxygenase-2-independent mechanism in celecoxib-
mediated induction of p21waf1/cip1 and p27kip1 and cell 
cycle arrest. Cancer Res 2004; 64: 1369-1376

59 Sirica AE, Lai GH, Endo K, Zhang Z, Yoon BI. Cyclooxygenase-2 
and ERBB-2 in cholangiocarcinoma: potential therapeutic targets. 
Semin Liver Dis 2002; 22: 303-313

60 Lai GH, Zhang Z, Sirica AE. Celecoxib acts in a cyclooxygenase-
2-independent manner and in synergy with emodin to suppress 
rat cholangiocarcinoma growth in vitro through a mechanism 
involving enhanced Akt inactivation and increased activation of 
caspases-9 and -3. Mol Cancer Ther 2003; 2: 265-271

S- Editor  Liu Y    L- Editor  Roberts SE    E- Editor  Liu Y

Schmitz KJ et al.  AKT and ERK1/2 signaling in intrahepatic cholangiocarcinoma                                                   6477

www.wjgnet.com



 TOPIC HIGHLIGHT

JAK-STAT pathway in carcinogenesis: Is it relevant to
cholangiocarcinoma progression?

Olga V Smirnova, Tatiana Yu Ostroukhova, Roman L Bogorad

www.wjgnet.com

Online Submissions: wjg.wjgnet.com                                                                                                         World J Gastroenterol  2007 December 28; 13(48): 6478-6491
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                                         © 2007 WJG. All rights reserved.

Olga V Smirnova, Tatiana Yu Ostroukhova, Laboratory of 
Endocrinology, Biological Faculty, M.V. Lomonosov Moscow 
State University, Moscow, Russia
Roman L Bogorad, Inserm, U845, Paris France; Université 
Paris Descartes, Faculté de Médecine René Descartes, Centre 
de Recherche Croissance et Signalisation, Equipe PRL, GH and 
tumours, Site Necker, Paris, F-75015, France
Correspondence to: Olga V Smirnova, PhD, DSc, Laboratory 
of Endocrinology, Biological Faculty, M.V. Lomonosov Moscow 
State University, Leninskie Gory, 1/12, 119992, Moscow,
Russia. smirnova_ov@mail.ru
Telephone: +7-495-9393678  Fax: +7-495-9394309
Received: August 17, 2007      Revised: September 14, 2007

Abstract
The features of JAK-STAT signaling in liver cells are 
discussed in the current review. The role of this 
signaling cascade in carcinogenesis is accentuated. The 
possible involvement of this pathway and alteration of 
its elements are compared for normal cholangiocytes, 
cholangiocarcinoma predisposition and development. 
Prolactin and interleukin-6 are described in detail as the 
best studied examples. In addition, the non-classical 
nuclear translocation of cytokine receptors is discussed 
in terms of its possible implication to cholangiocarcinoma 
development. 
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INTRODUCTION
The signaling pathway of  Janus tyrosine Kinases-Signal 
Transducers and Activators of  Transcription (JAK-STAT) 
is activated by a variety of  hormones (prolactin, growth 
hormone, leptin, erythropoietin), as well as cytokines, and 
growth factors via their receptors. JAK-STAT signaling 

participates in the regulation of  cell proliferation, 
differentiation, survival, motility, and apoptosis in different 
organs including liver[1]. During the last decades, the data on 
cytokine/growth factor receptors expression and functions 
in different liver cell types (hepatocytes, cholangiocytes, 
Kupffer and stellate cells) have rapidly grown. It highlights 
the importance of  JAK-STAT signaling in normal liver 
physiology and pathology. Moreover, deregulation of  this 
pathway is closely associated with tumorigenesis.

Cholangiocarcinoma is a malignancy of  the biliary 
epithelium with the worst prognosis among other liver 
tumors. It is relatively rare, but it frequently progressively 
increases. Molecular cholangiocarcinoma markers are 
mainly nonspecifi c and require further investigation. The 
main risk factors for cholangiocarcinoma development 
are hyperplasia of  bile duct epithelia induced by bile 
duct obstruction, hepatolithiasis, inflammation, fibrosis, 
and some other factors[2-4]. Though the role of  the JAK-
STAT cascade is poorly deciphered both in normal 
cholangiocytes and in cholangiocarcinoma cells, a number 
of  papers have been published recently where the role of  
prolactin (Prl), growth hormone (GH) and interleukin-6 
(IL-6) and expression of  corresponding receptors in 
cholangiocytes has been shown[5-7]. Expression of  these 
receptors undergoes essential changes under hyperplasia 
of  bile duct epithelia induced by bile duct obstruction, 
thus the role of  the JAK-STAT pathway should attract 
further investigations in this area.  

PRINCIPLES OF JAK-STAT SIGNALING
The main site for JAK-STAT signaling initiation is the 
cellular membrane; however, internalization pathways 
have been recently shown to be also important for 
the generation of  comprehensive biological effect and 
sustaining signal transduction. Among other intracellular 
targets of  receptor-JAK-STAT the cascade nucleus plays 
a key role[8-10]. Mitochondrial targeting of  some cytokine 
receptors (GH receptor) has also been described[11].

The initial steps of  signaling cascade activation by 
hormone (cytokine) are still intensively studied, but for 
many of  them an interaction between signaling molecules 
and preformed receptor dimers leads to rotation of  
intercellular parts of  receptor and subsequent activation 
of  receptor-associated JAKs[12] followed by STAT docking 
on receptor and its phosphorylation, dimerization, and 
nuclear translocation (Figure 1).
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Different JAKs (JAK1, JAK2, JAK3, and Tyk2) 
and STATs (STAT1, STAT2, STAT3, STAT4, STAT5a, 
STAT5b, and STAT6) participate in JAK-STAT signal 
transduction. STAT3 and STAT5 are expressed in many 
cell types, activated by various hormones, cytokines and 
growth factors and play a role in different biological 
responses, whereas other STAT proteins (STAT1, 2, 
4 and 6) are revealed mainly in specific cell types and 
participate predominantly in host defense mechanisms[13,14]. 
Phosphorylated STAT dimers can bind to STAT-
responsive elements in the promoters of  various genes, 
resulting in modulation of  their transcription. STATs often 
act on gene transcription in cooperation or competition 
with NF-κB, AP-1, and a glucocorticoid receptor due to 
close co-localization of  correspondent binding sites[15-17] 
accomplishing a crosstalk with other signaling cascades.

Suppressors of  cytokine signaling (SOCS) proteins are 
able to inhibit JAK-STAT signaling. SOCS1 and SOCS3 are 
the most potent and broadly distributed suppressors with 
similar inhibition effects on gp130 related, Prl, and GH 
signaling. Promoter regions of  SOCS1 and SOCS3 genes 
possess functional STAT binding elements and activation 
of  JAK-STAT signaling induces rapid up-regulation 
of  SOCS proteins by STAT-dependent pathways. In 
accordance with negative feedback mechanism JAK-STAT 
signaling is inhibited by SOCS proteins association with 
catalytic domains of  JAKs as well as by SOCS binding 
to phosphorylated tyrosine residues of  cytokine, GH, 
Prl, leptin, and erythropoietin (Epo) receptors which act 
as docking sites for downstream signaling[18-20]. STAT 
activation can also be inhibited by direct interaction with 
protein inhibitors of  activated STAT proteins (PIAS)[21].

In some cases activation of  STATs occurs indepen-
dently of  JAKs and is involved in receptor tyrosine 

kinase signaling. This activation is induced by direct 
interaction with receptor tyrosine kinases or by subsequent 
downstream signaling with implication of  other kinases 
such as Src. For example, STAT3 is activated in response 
to stimulation by EGF, HGF, CSF-1, PDGF and other 
growth factors; and their corresponding receptor tyrosine 
kinases (ErbB1, ErbB-2, c-met, CSF-1, PDGF receptors, 
and others) possess a common STAT3 docking motif  in 
their cytoplasmic domains. STAT5a phosphorylation is 
induced by EGF[13,22,23].

JAK-STAT SIGNALING AND

CARCINOGENESIS
Altered activation of  JAK-STAT signaling has been shown 
in multiple solid tumors and leukemia[24-26]. In different 
experimental models tumorigenesis is associated with 
increased expression and/or activity of  JAK1, 2[27,28] or 
STAT3, 5[29]. A constitutively active mutant of  STAT3 
has been shown to transform rat fibroblasts[30], and the 
increased expression of  wild type STAT5 in the lymphoid 
lineage induced T cell leukemia in mice[31]. A constitutively 
active mutant of  JAK2 has been identified in patients 
with polycythaemia vera[32]. Moreover, increased levels of  
correspondent ligands can be associated with JAK-STAT 
induced carcinogenesis: in animal models of  prostate and 
mammary gland hyperplasia with local overexpression of  
Prl[33,34]; in humans hyperprolactinemia is considered as a 
risk factor for breast and, probably, prostate cancer[35,36]; 
overexpression of  GH in transgenic mice leads to 
increased frequency of  mammary adenocarcinoma[37]. A 
particular and essential role for neoplasia progression of  
autocrine production of  Prl has been revealed[34,38]. Only 
autocrine, but not exocrine GH, is suggested to promote 
neoplasia[39-41].

The role of  the JAK-STAT cascade is not limited to 
induction of  carcinogenesis: for example, the predominant 
role of  TYK2 and STAT1 in many types of  cancer is 
antitumorigenic via regulation of  apoptosis[42]. Moreover, 
in some models JAK1 and 2 also play an antitumorigenic 
role[43]. Prl induced activation of  JAK2 prevents breast 
cancer cells mesenchymal transition and acts as an invasion 
suppressor[44,45]. Reduced phosphorylation of  STAT5 in 
breast cancer highlights patients with a worse prognosis of  
disease development[46].

CHOLANGIOCARCINOMA DEVELOPMENT

AND JAK-STAT SIGNALING
A number of  signaling molecules acting via the JAK-
STAT pathway participate in regulation of  bile duct 
cell functions. Among them, Prl and IL-6 (activation of  
complete JAK-STAT cascade), and EGF, HGF (activation 
of  STAT via receptor tyrosine kinases) have their receptors 
in human and animal cholangiocarcinoma tissues and cell 
lines. Other JAK-STAT signaling molecules involved in 
the development of  other cancer types have not been yet 
investigated.

Since the development of  cholangiocarcinoma is closely 
related with obstructive, fi brotic, cirrhotic, and infl ammation 

Figure 1  Schematic representation of JAK-STAT signaling induced by hormones, 
cytokines, and growth factors. RTK: Receptors tyrosine kinases; JAK: Jannus 
kinase; STA: Signal transducer and activator of transcription; SOCS: Suppressor 
of cytokine signaling; CIS: Cytokine induced suppressor; PIAS: Protein inhibitors 
of activated STATs. Solid arrows - phosphorylation; Dashed arrows - nuclear 
translocation; Blunt arrows - inhibition; Red circles - phosphorylated tyrosines.
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changes of  biliary epithelium leading to its hyperplasia 
or dysplasia, it is reasonable to compare the peculiarity 
of  JAK-STAT signaling induced by different ligands in 
normal cholangiocytes, bile duct cells proliferating under 
conditions of  different hepatic pathologies considered as a 
predisposition to cholangiocarcinoma development, and in 
cholangiocarcinoma cells. 

HORMONAL INDUCTION OF JAK-STAT 

SIGNALING AND CHOLANGIOCARCINOMA 

DEVELOPMENT
Prolactin signaling
Prl is a multifunctional pituitary hormone that also works 
as a locally produced cytokine. Prl regulates differentiation, 
proliferation, water-salt balance in different cell types 
including many ductal structures (such as ductal systems of  
mammary, lacrimal, submaxillary, prostate glands, pancreas, 
and kidney) and possesses high immunomodulatory 
activity[47,48]. Prl participates in the stimulation of  rat bile 
duct cell proliferation and cholangiocyte regulation of  bile 
water salt balance[49,50].

Prl receptor (PrlR) exists in several isoforms with 
a tissue specific ratio of  expression. Long and short 
rat PrlR isoforms are the result of  alternative splicing 
of  cytoplasmic domain exons of  a single gene. Several 
intermediate PrlR isoforms with varying cytoplasmic 
domains have been found in human normal and tumor 
tissues. The short PrlR isoform has been suggested 
to negatively regulate activity of  the long isoform by 
heterodimerization. JAK-STAT pathway with predominant 
usage of  JAK2 and STAT5 proteins is the main signaling 
pathway activated by Prl. STAT1 and STAT3 proteins may 
also be involved in Prl signaling with nuclear translocation 
of  their homo- and heterodimers. SOCS1, 2, and 3 attenuate 
Prl signaling[47,48,51-53].

Prolactin JAK-STAT signaling and their alterations under
conditions of cholangiocarcinoma predisposition and
development
Systemic Prl levels are elevated under different liver 
pathologies associated with increased cholangiocarcinoma 
inc idents [54-56], whi le loca l Pr l product ion by the 
cholangiocarcinoma cell line (RS-1) is observed only in 
a few samples (Ostroukhova & Smirnova, unpublished 
observations).

Normal animal and human bile duct cells express 
PrlR messenger RNA and protein at a relatively low 
level. Contrary to hepatocytes where short PrlR isoform 
predominates, normal rat bile duct cells express a 
predominantly long receptor isoform that is similar for such 
Prl target tissues, such as the uterus, pituitary, and mammary 
gland[7,57].

Hyperplasia of  bile duct epithelia in rats induced by 
bile duct obstruction or normally occurring in immature 
animals as a risk factor of  cholangiocarcinoma development 
is characterized by sharp elevation of  cholangiocyte PrlR 
expression in both males and females. Similarly, obstructive 
human liver diseases with jaundice development and 

enrichment of  bile ducts are accompanied by a pronounced 
increase in cholangiocyte PrlR expression as compared with 
mild cholestasis without jaundice with limited affect on bile 
duct cell proliferating activity[57]. Obstructive conditions 
induce both dramatic elevation of  the long receptor isoform 
and an increase in short isoform expression in bile duct cells. 
The level and isoform ratio of  cholangiocyte PrlR in normal 
and obstructive conditions are only slightly dependent on 
gonadal hormones and independent of  Prl[7,49,57].

Human cholangiocarcinoma samples are characterized 
by high PrlR expression significantly exceeding PrlR 
expression in cholangiocytes and hepatocytes under 
conditions of  non-tumor liver diseases (Ostroukhova 
& Smirnova, unpublished observations). Intrahepatic 
transplantation of  RS1 cholangiocarcinoma cells induces 
significant elevation of  tumor cell PrlR expression 
(Figure 2) as compared both with subcutaneous tumor 
transplants and cholangiocytes of  normal animals[58].

In cholangiocarcinoma cells the isoforms ratio is similar 
to the ratio observed in cholangiocytes proliferating under 
obstructive conditions. Surprisingly, relatively high levels 
of  PrlR in transplantable cholangiocarcinoma have been 
revealed not only in female recipients, but also in male 
counterparts under conditions of  relatively low levels of  
both Prl and estrogens[58]. Thus, it seems possible that the 
main regulators of  PrlR expression in cholangiocarcinoma 
differ from sex hormones and may be connected with 
tumor derived autocrine/paracrine factors. Such unusual 
regulation may be an early event of  cholangiocyte dysplasia 
since sharp elevation of  PrlR expression in both males and 
females primarily occurs in bile duct cells proliferating in 
response to bile duct obstruction[7,49].

Prolactin - estrogen cross-talk and cholangiocarcinoma 
development
Prl as a female sex hormone acts in close connection with 
estrogens. In addition to systemic positive regulation of  Prl 
production by estrogens and vise versa, a cross-talk between 
these hormones has been shown at the level of  target 
tissues.
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Figure 2  Increasing of prolactin receptor expression in rat liver transplanted RS-1 
cholangiocarcinoma cell line. a.u, arbitrary units of intensity of PrlR expression. 
Medians, upper and lower quartiles. bP < 0.001, vs intact males, dP < 0.001, vs 
intact females.
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Prl stimulates both alpha and beta mRNA estrogen 
receptor expression in some tissues and putative STAT5α 
and STAT5β response elements have been identified in 
their promoters[59].

Estradiol via estrogen receptor (ER) alpha activates 
transcriptional expression of  human PrlR through 
promoter Ⅲ that functions in different tissues including 
liver. Estrogens increase and tamoxifen reduces expression 
of  Prl receptor mRNA in breast tumors and some 
other tissues[60-62]. Estrogens participate in regulation of  
downstream Prl signaling using different mechanisms. 
Estrogens can attenuate JAK-STAT signaling by Prl. 
Estrogens via ER α up-regulate SOCS2 expression thus 
diminishing JAK-STAT signaling. ER alpha activation 
could diminish PrlR signaling via direct interaction 
with STAT5α which leads to reduced STAT5α nuclear 
translocation. On the contrary, nongenomic action of  
estrogens that requires a ligand-binding domain of  the 
membrane estrogen receptor alpha leads to rapid induction 
of  STAT3 and STAT5 phosphorylation, their nuclear 
translocation, and transcriptional activity[61,63-66].

All these facts are very important taking into account 
that both PrlR and ERs are sharply increased in human 
cholangiocarcinoma samples and cell l ines. While 
normal cholangiocytes express extremely low ERs, 
cholangiocarcinoma cells are characterized by intensive 
cytoplasmic and nuclear expression of  ERα and ERβ 
as well as increased ERα/ERβ ratio that is typical for 
other cancer types. Besides, these estrogens potentiate 
and tamoxifen attenuates proliferat ion of  human 
cholangiocarcinoma cell lines in vitro[4,6]. As in the case of  
PrlR, high level of  ER expression in cholangiocarcinoma 
have been revealed not only in females, but also in males[67]. 
Based on both cytoplasmic and nuclear ER localization in 
cholangiocarcinoma cells it seems possible that estrogen 
regulation of  Prl induced tumor JAK-STAT signaling is 
both nuclear and nongenomic and its bottom-line effects 
should be investigated carefully. It is interesting that in 
spite of  high sensitivity of  cholangiocarcinoma cells to 
both types of  female sex hormones cholangiocarcinoma 
development is more frequent in men (1.5-1) than 
in women[68]. I t may be due to attenuation of  Prl 
tumor signaling by estrogens in the case of  relatively 
high levels of  both hormones in women. In any case 
combined therapy with tamoxifen and bromocriptine 
may be perspective clinical strategy for treatment of  
cholangiocarcinoma.

Cross-talk of  Prl with EGF signaling leading to ErbB1 
and ErbB2 phosphorylation has also been found, e.g. in 
breast cancer cells[69]. Since both Prl receptor and ERbB1 
and ErbB2 are present in cholangiocarcinoma cells it may 
be relevant also to cholangiocarcinoma Prl signaling. 

Growth hormone (GH) JAK-STAT signaling
As in the case of  Prl, JAK-STAT signaling activated 
by GH mainly includes JAK2 activation and STAT5 
phosphorylation, though STAT1 and 3 activation are 
sometimes also implicated. GH induces the expression of  
several negative regulators of  GH signaling: SOCS1, 2, and 
3, CIS[70,71].

GH receptor is present in normal rat cholangiocytes 
and isolated cholangiocytes respond to GH stimulation 
by IGF-1 secretion that in turn promotes cholangiocyt 
proliferation. GH receptor expression is increased in 
rat cholangiocytes after common bile duct ligation[72]. 
Contrary, in total liver of  mice under the same conditions 
and humans with obstructive cholestasis and cirrhosis, 
changes of  GH receptor expression and IGF-1 production 
are opposite[73]. GH signaling in cholangiocarcinoma cells 
has not been yet investigated. 

Leptin JAK-STAT signaling
Leptin receptor is homologous to gp130 and can activate 
JAK2, mainly STAT3, but also STAT5, STAT6, STAT1 
proteins[74-77]. SOCS3 is a negative regulator of  leptin JAK-
STAT signaling[18,78,79].

Autocrine/paracrine leptin production and leptin 
mRNA have been shown in different types of  cancer 
cell lines in vitro and in some tumors in vivo. Serum leptin 
level also increases in patients with some cancer types[76,80]. 
Leptin is considered an agent responsible for overcoming 
the antiproliferative effect of  antiestrogen therapy in 
different cancer types. Leptin receptors have been found 
in different cancer types and cell lines and leptin signaling 
is associated with suppression of  tumor cell apoptosis[13,78].

Leptin expression has been detected in liver stellate 
cells and its local production is increased under obstructive 
cholestasis conditions. Leptin acts as a direct hepatic 
stellate cell survival agent[81-83]. Serum leptin is also elevated 
after common bile duct ligation and CCl4 induced liver 
fi brosis that are both risk factors for cholangiocarcinoma 
development[84]. The leptin receptor has been found in 
bile duct cells of  one type of  mammalian species[85]. The 
role of  leptin induction of  JAK-STAT signaling needs 
to be investigated in cholangiocarcinoma development, 
and known STAT3 activation during cholangiocarcinoma 
progression (see below) may be partly due to leptin 
signaling.

Erythropoietin (Epo) JAK-STAT signaling
Epo is produced mainly by the fetal liver and the adult 
kidney. Epo interaction with Epo receptor activates JAK2 
and STAT5[86,87]. Due to its erythropoietic functions, Epo has 
been widely used for prevention and treatment of  cancer-
associated anemia. However, Epo proangiogenic activity can 
compromise its benefi cial effects in cancer patients.

Expression of  Epo and Epo receptors has been 
found in a number of  nonhematopoietic tissues as well 
as in different types of  primary tumors and tumor cell 
lines suggesting the generation of  autocrine-paracrine 
growth stimulatory Epo-Epo receptor loop in cancer 
cells. Experimental blockade of  Epo signaling results in 
inhibition of  different tumor growth and angiogenesis 
with concomitant elevation of  apoptotic death of  tumor 
and vascular endothelial cells[87-90].

Epo and/or Epo receptor expression have been found 
in liver stromal cells and some primary hepatic tumors, 
and tumor cell lines as well as in Kupffer cells during 
regeneration[87,89-93]. Still, we have not found any data on 
Epo expression and signaling in human cholangiocarcinoma 
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cell leukemia-1 (mcl-1) mRNA and protein expression 
which is a key member of  the antiapoptotic Bcl-2 protein 
family[107,110]. Disruption of  IL-6 signaling at different levels 
diminishes Mcl-1 promoter activity, its mRNA and protein 
level in human cholangiocarcinoma cell lines.

Sustained IL-6/JAK-STAT signaling and enhanced 
Mcl-1 expressions in cholangiocarcinoma are associated 
with at least partial epigenetic SOCS3 silencing. In 
human cholangiocarcinoma tissues and cell lines unusual 
inverse correlation exists between phosphorylated 
STAT-3 and SOCS3 protein expression. SOCS3 negative 
cholangiocarcinoma (as well as cholangiocarcinoma lines) 
samples are characterized by extensive methylation of  
SOCS3 promoter as compared with nontumor tissue. 
Treatment with demethylating agent restores IL-6 induction 
of  SOCS3 leading to termination of  phosphorylated 
STAT3 response, reduction of  cholangiocarcinoma cells 
level of  Mcl-1, and sensitization of  cholangiocarcinoma 
cells to Tumor necrosis factor Related Apoptosis Inducing 
Ligand (TRAIL)-mediated apoptosis[111,112].

GROWTH FACTOR INDUCTION OF STAT

SIGNALING AND CHOLANGIOCARCINOMA 

DEVELOPMENT
HGF induced STAT signaling
HGF is a growth factor acting via receptor tyrosine 
kinase c-Met and inducing matrix dissociation, motility of  
epithelial cells, and enhancing invasiveness of  tumor cells. 
In the 5′-fl anking region of  human HGF gene cis-acting 
STAT element has been found. Interruption of  STAT3 
signaling by dominant-negative STAT3 reduces HGF 
promoter activity[113,114].

Interaction of  HGF with its receptor c-Met leads to 
receptor dimerization and phosphorylation of  intracellular 
receptor domain which forms the docking sites for 
interaction with multiple downstream signaling molecules 
including STAT3. STAT3 activation has been shown to be 
necessary for full biological responses of  HGF and HGF 
induced proliferation[115-117]. In hepatocytes and some other 
cell types HGF activates the STAT3 signaling pathway, 
moreover, not only STAT3 but also STAT1α/STAT1β and 
STAT5 interact with c-Met[118,119]. STAT3 phosphorylation 
induced by HGF/c-Met signaling is limited by consequent 
positive HGF action on SOCS3 expression in some cell 
types. SOCS3 has been observed to act as a negative 
regulator of  HGF-induced cell migration[120-122].

Alterations of local and systemic HGF level
In situ hybridization studies have demonstrated that 
there is a close paracrine ligand-receptor relationship 
between HGF expressed in mesenchymal cells and 
c-Met expressed in the adjacent epithelial cells. HGF 
production is stimulated by various cytokines including 
IL-6-type cytokines. Both HGF and c-met mRNAs and 
protein products are overexpressed in cholestatic animal 
liver and human hepatolithiasis specimens[123-125]. Serum 
HGF level is elevated in cholangiocarcinoma patients[126]. 
Cholangiocarcinoma cell lines do not secrete HGF, but 
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and its animal models. Based on the frequency of  Epo 
and Epo receptor expression in different types of  tumor 
cells, a key role of  the fetal liver in Epo production, a 
role of  hepatic progenitor cells, enriched in fetal liver, in 
liver cancer development as well as possibility of  bone 
marrow derived liver stem cells to differentiate into biliary 
cells[90,94-97] it is easy to assume that the same situation 
occurs in cholangiocarcinoma development. Several facts 
support this assumption. In an earlier study the elevation 
of  liver Epo production after bile duct ligation has 
been shown[98]. Data on the possibility of  tissue specific 
estrogen modulation of  local Epo expression together 
with elevation of  estrogen receptor expression in human 
cholangiocarcinoma are also of  great interest in this 
connection[6,86,99,100]. 

CYTOKINE INDUCTION OF JAK-STAT

SIGNALING AND CHOLANGIOCARCINOMA

DEVELOPMENT
Interleukine-6 (IL-6) induced JAK-STAT signaling
IL-6 and other cytokines of  this family have their own 
receptors, but need a common receptor subunit gp130 
for signal transduction. Binding of  IL-6 to its receptor 
leads to dimerization of  gp130, resulting in activation of  
gp130-associated JAK kinases (JAK1, JAK2, and TYK2) 
and subsequent activation of  STAT3 proteins forming 
homodimers or rarely heterodimers with STAT1. There is 
reciprocal negative regulation of  JAK-STAT3 and MAPK 
signaling by IL-6[15,101,102]. SOCS3 activated by STAT3 
suppresses IL-6 signaling[15,18-20].

Alterations of local and systemic IL-6 level under
conditions of cholangiocarcinoma predisposition and
development
Autocrine/paracrine production of  IL-6 by normal liver 
bile duct cells as well as by cultured human intrahepatic 
biliary epithelial cells is very low. Bile duct obstruction 
triggers pronounced elevation of  IL-6 mRNA and protein 
production by bile duct cells, which can be mediated by 
inflammatory conditions[103-105]. A pronounced autocrine/
paracrine secretion of  IL-6 by different human intrahepatic 
cholangiocarcinoma cell lines has been observed in vitro[106,107]. 
Obstructive changes as well as cholangiocarcinoma 
development are also associated with elevation of  systemic 
plasma IL-6 level[108].

Alterations of IL-6 signaling under conditions of
cholangiocarcinoma predisposition and development
In vitro normal bile duct cells express both IL-6 receptor 
and gp130 messenger RNA and protein, but their 
expression level is further increased in cholangiocarcinoma 
cells. Appearance of  autocrine IL-6 production and high 
level of  its receptors lead to autocrine/paracrine loop of  
IL-6 signaling during cholangiocarcinoma progression[5,109]. 

IL-6 target genes in cholangiocarcinoma progression
IL-6 enhances cell survival and proliferation of  human 
malignant cholangiocytes by up-regulation of  myeloid 



their co-cultivation with neutrophils induces a high level 
of  HGF secretion by these mesenchymal cells and may 
enhance invasiveness of  tumor cells[127].

Alterations of HGF signaling
c-Met is expressed in cultured mouse biliary epithelial cells 
and liver bile ducts[123,128]. c-Met activation and elevation 
of  c-met mRNA and protein expression have been 
shown in mouse chemically induced cholangiocarcinoma, 
different cholangiocarcinoma cell lines, and human 
cholangiocarcinoma patients. c-Met overexpression 
is more prominent in induced cholangiocarcinoma 
in rats and human cholangiocarcinoma cell lines as 
compared to normal and hyperplastic intrahepatic biliary 
epithelium[3,5,126,129-131]. The presence of  HGF-c-Met-STAT3 
positive autocrine/paracrine loop in cholangiocarcinoma 
may confer increased survival, growth, and invasiveness 
during cholangiocarcinoma progression. The malignancy of  
cholangiocarcinoma cells containing activated STAT3 may 
be at least partly due to stimulation of  HGF expression in 
adjacent mesenchymal cells and c-met overexpression in 
tumor cells.

ERbB2 induced JAK-STAT and STAT signaling
ErbB2 also known as HER-2 or HER-2/neu is a member 
of  ErbB receptor tyrosine kinase family acting mainly as 
the most common partner for heteromerization for other 
members of  this receptor family (ErbB1, ErbB3 and 
ERbB2) among which EGF is the main ligand for ErbB1 
(EGFR). ErbB receptors may be constitutively associated 
with JAK kinases. Direct association between ErbB2 and 
other ErbB receptors with STAT3 has also been found. 
Src kinases are the other molecules for ErbB receptor 
mediated STAT signaling and potential upstream regulators 
of  JAK kinases. Ligand induced receptor dimerization 
leads to recruitment of  Src kinase that induces JAK 
and STAT3 phosphorylation, dimerization and nuclear 
translocation[132,133]. Neuregulin induced heterodimers of  
ErbB2 and ErbB4 may activate STAT5[23]. Expression 
of  SOCS1, 3, 4, 5 is elevated by EGF treatment[134-136]. 
Tumor cell types that over express ErbB2 preferentially 
activate prosurvival STAT signaling. In different tumors 
an autocrine loop between cytokines and ErbB receptors 
induces constitutive STAT3 activation[133,137].

In human non-neoplastic hepatic tissue ErbB2 mRNA 
and protein products have been found only in large 
mature bile ducts or have not been revealed at all[138-140]. 
Human gallstone disease and common bile duct ligation 
in rats are accompanied by appearance or elevation of  
ErbB2 expression in cholangiocytes as compared with 
normal liver but its expression was lower than in cases 
of  cholangiocarcinoma[138,141,142]. ErbB2 overexpression 
has been revealed in different human biliary tract cancer 
cell lines, xenobiotic induced rodent cholangiocarcinoma, 
as well as in human cholangiocarcinoma tissue samples. 
Overexpression of  both ErbB1 (EGFR) and ErbB2 may 
serve as a base for enhancement of  EGF signaling in 
cholangiocarcinoma. Altered ERbB2 expression occurs 
early in cholangiocarcinogenesis and may play an important 
role in its progression[129,130,139,143,144]. 

PERSPECTIVE THERAPEUTIC ADDRESSING 

OF THE JAK-STAT PATHWAY
As illustrated above, signaling of  most hormones, 
cytokines and growth factors involved in cholangiocyte 
regulation seems to be enhanced under the progression 
of  cholangiocarcinoma. It is associated, not only with 
increment of  their systemic levels, but also (probably 
mainly) due to their local hepatic secretion and increment 
of  the expression of  their receptors. Taking together these 
observations we can suggest that local manipulation of  
JAK-STAT activation can be a very perspective therapeutic 
approach for managing of  cholangiocarcinoma at different 
stages of  its progression. Recent advances in development 
of  hormonal and cytokine antagonists (recombinant 
proteins for Prl and GH and peptide for IL-6[145-147]) give us 
an effi cient tool for this treatment. Since synthetic specifi c 
inhibitors of  JAK and other tyrosine kinases are intensively 
developed, we could suggest their effi cient application for 
managing of  cholangiocarinoma in addition to antagonists. 

For the moment, the most specific and efficient way 
to inhibit the components of  the JAK-STAT pathway is 
local expression (tissue-specific) of  dominant negative 
analogues of  JAKs and STATs. Evidently, their application 
is now limited to laboratory investigations and needs 
further development of  genetic therapy. Nevertheless, it is 
a potent tool for precise pre-clinical investigations of  JAK-
STAT inhibition in cholangiocarcinoma. Thus, in the next 
chapter we focus on a detailed description of  the main 
players of  the JAK-STAT pathway in cholangiocarcinoma.

JAK-STAT SIGNALING UNDER

CONDITIONS OF CHOLANGIOCARCINOMA

PREDISPOSITION AND DEVELOPMENT
Presented data indicate that a number of  receptors 
associated with JAK-STAT signaling are expressed in 
normal cholangiocytes, their expression increases under 
conditions of  cholangiocarcinoma predisposition and is 
additionally elevated in cholangiocarcinoma cells (Table 1). 
Preferably used components of  JAK-STAT signaling for 
such receptors are shown in Table 2. Thus, STAT5 and 
STAT3 proteins are the main downstream components 
for hormones, growth factors, and cytokines using JAK-
STAT signaling in normal, proliferating, and malignant 
cholangiocytes and both STAT3 and STAT5 are implicated 
in promotion of  cell survival in a variety of  other normal 
and cancer tissues. SOCS3 is the primary negative regulator 
of  cholangiocyte JAK-STAT signaling (Table 2). Among 
all these components, only STAT3 and SOCS3 have been 
investigated in cholangiocarcinoma cells. 

STAT3
STAT3 plays an important role in transduction of  survival 
signals downstream of  both JAKs and receptor tyrosine 
kinases. Aberrant and frequently constitutive activation of  
STAT3 has been described in a variety of  human cancers. 
Activation of  STAT3 in tumors is associated also with 
tumor escape from immune attack[151,152].
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In normal liver phosphorylated STAT3 localizes 
in epithelial cells lining large bile ducts and peribiliary 
glands[104]. STAT3 was constitutively phosphorylated 
in tested cholangiocarcinoma cell l ines but not in 
nonmalignant cholangiocytes. Mcl-1 promotor has STAT3 
binding site. STAT3 site-directed mutagenesis decreases 
Mcl-1 promotor activity[111].

SOCS3
STATs activation is negatively regulated by SOCS proteins. 
SOCSs are generally considered as a kind of  tumor 
suppressor gene. In some hepatocarcinoma cell lines 
aberrant methylation in STAT-binding sites of  the SOCS3 
gene has been associated with loss of  SOCS3 function 
and enhancement of  tumor cell growth and migration[153]. 
Epigenetic inactivation of  tumor suppressor genes by 
hypermethylation is relevant to cholangiocarcinoma 
development[154]. Known sustained STAT3 activation 
during cholangiocarcinoma progression may be partly due 
to SOCS3 epigenetic silencing due to hypermethylation 
of  its promoter in human cholangiocarcinoma tissues and 
cell lines. Inverse correlation has been observed between 
phosphorylated STAT3 and SOCS3 protein expression in 
cholangiocarcinoma specimens. In cholangiocarcinoma 
samples failing to express SOCS3, extensive methylation 
of  SOCS3 promoter has been shown in comparison with 
paired nontumor tissue. Methylation of  SOCS3 promoter 
is also identified in two cholangiocarcinoma cell lines. 
Treatment with demethylating agent leads to restoration 
of  SOCS3 expression, subsequent termination of  STAT 
activation, and reduction of  cellular levels of  Mcl-1[112].

Cholangiocarcinoma markers and STAT-responsible genes
Based on the data on molecular alterations in human 
cholangiocarcinoma reviewed by Sirica, 2005, we have 
tried to analyze whether cholangiocarcinoma marker genes 
have putative STAT response elements in their promoters. 

As shown in Table 3 a number of  genes involved in 
cholangiocarcinoma growth signaling, cell cycle regulation, 
and apoptosis inhibition possess candidate STAT3-, 
STAT5-, and STAT-1-binding sites in their promoters. 
Prl and IL-6 induced STAT5 and STAT3 activation is 
essential for up-regulation of  their transcription activity 
in different tumor types and leads mainly to tumor 
progression[2,16,86,107,110-112,155,156].

We can assume that cholangiocarcinoma markers 
(presented in Table 3) including growth factors, members 
of  pro-inflammatory signaling pathway, CDK inhibitors, 
cyclins, members of  the antiapoptotic Bcl-2 protein family 
including Mcl-1, Bcl-2, Bcl-XL, may serve as fi nal potential 
molecular targets of  JAK-STAT cholangiocarcinoma 
signaling induced by Prl, IL-6, HGF, EGF and some other 
molecules acting via JAK-STAT signaling. These promoters 
STAT-binding sites may be involved in overexpression of  
these markers in cholangiocarcinoma cells.

It is important to note that down-regulation of  CDK 
inhibitors (p21waf1/cip1, p27kip1) is a characteristic feature of  
cholangiocarcinoma development while activated STATs up-
regulate them in some other tissues (Table 3), thus the role 
of  JAK-STAT signaling cannot be restricted to progression 
cholangiocarcinoma.

PRIMARY NUCLEAR JAK-STAT

SIGNALING AND CHOLANGIOCARCINOMA

DEVELOPMENT
Internalization pathways have also been demonstrated 
for signaling molecules associated with the JAK-STAT 
pathway. Nuclear accumulation of  such molecules, 
ligand dependent nuclear translocation of  corresponding 
receptors, nuclear localization of  JAKs, and primary 
nuclear activation of  STAT proteins have been revealed 
in different cell types and experimental systems. While 

Table 1  Cholangiocyte receptors associated with the JAK-STAT signaling pathways: alterations of expression during cholangiocarcinoma 
predisposition and development

Receptor type Norma
Direction of alteration

References
Cholangiocarcinoma predisposition Cholangiocarcinoma development

Prolactin receptor Low Up Up Up [7,58,148]
IL-6 receptor/gp130 Present Up Up Up [2,5]
ErbB-2 Low/Absent Up Up Up [2,138-140]
c-Met Present Up Up Up [2,5]
Growth hormone receptor Moderate Up ? [72]
Leptin receptor Present ? ? [85]

Receptor type JAK             STATs Negative regulators of JAK-STAT signaling References

Prolactin receptor JAK2 STAT5 > STAT3 > STAT1              SOCS3, SOCS1, SOCS2, CIS [47,48,51-53]
Growth hormone receptor JAK2 STAT5 > STAT3 > STAT1              SOCS3, SOCS1, SOCS2, CIS [70,71]
Leptin receptor JAK2 STAT3 > STAT5, STAT6, STAT1              SOCS3 [74-79]
IL-6 receptor/gp130 JAK1, 2, Tyk2 STAT3 > STAT1              SOCS3 [15,18-20,101,102,110-112]
ErbB-2 No, JAK3, TYK2 STAT3 > STAT5, STAT6              SOCS3, SOCS1, SOCS4, SOCS5 [23,132-136,149,150]
c-Met No STAT3 > STAT5, STAT1              SOCS3 [115-122]

Table 2  Known components of JAK-STAT signaling for receptors expressed in cholangiocytes
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membrane JAK-STAT signaling is the main signaling 
pathway in normal conditions, the importance of  
the primary nuclear pathway of  JAK-STAT signaling 
rises under conditions of  cell proliferation including 
preneoplastic and neoplastic proliferation. Appearance of  
components of  JAK-STAT signaling in the nucleus or the 
enrichment of  their nuclear pool seems to be associated 
with their participation in the regulation of  proliferative 
processes and may be related to cholangiocarcinoma 
progression.

Ligands (such as Prl, GH, leptin, IL-1, IL-5, IFN-γ, 
TGF-α) and receptors acting via the JAK-STAT pathway 
or associated with STAT signaling by other mechanisms 
have been found in the nuclear compartment of  different 
cell types mainly under conditions of  high proliferative 
status and cancer development[8,10,166-169].

Nuclear translocation of  Prl bound to Prl receptors has 
been revealed after Prl stimulation of  Nb2 Prl-dependent 
lymphoma cells and the human breast cancer cell line 
T47D. Another mechanism suggests that Prl enters the 
nucleus in complex with cyclophilin B. In the nucleus 
this complex interacts with STAT5 and potentiates its 
activity facilitating STAT5 DNA binding. Prl/cyclophilin B 
complex directly interacts with the STAT5 N-terminus and 
appears to induce dissociation of  PIAS3 from its complex 
with STAT5[170,171].

Both GH and GH receptor are subject to rapid nuclear 
translocation. Rat growth hormone binding protein 
(GHBP) that is a product of  alternative splicing of  GH 
receptor gene with an intact extracellular domain and 
without transmembrane and intracellular domains replaced 
by short carboxyterminal sequences, is also localized in 
cell nuclei in in vitro and in vivo experiments upon GH 
stimulation. Nuclear localized GHBP acts as a potent 
enhancer of  STAT5 mediated transcription presumably by 
binding to PIAS proteins and thereby enhances the action 
of  both GH and other members of  the cytokine receptor 
superfamily[9,172].

Receptor tyrosine kinases associated with the JAK-
STAT pathway or STAT signaling have also been found 
in the nuclear compartment. Nuclear EGF receptor 
(ErbB1) has been detected in highly proliferative tissues, 
such as regenerating liver, specimens of  primary tumor, 

and cancer cell lines. Expression of  nuclear ErbB1 
correlates positively with increased level of  cyclin D1 and 
negatively with overall survival in breast cancer patients. 
Nuclear ErbB1 co-localizes and interacts with importins 
α1β1, carriers that are critical for macromolecule nuclear 
import[8,168,169,173-176]. ErbB1 might act as a transcription factor 
to activate genes required for high proliferating activity. 
After EGF stimulation and ErbB1 nuclear translocation 
EGF-ErbB1 complex associates with cyclin D1 promoter 
element designated AT-rich sequence (RTRS)[177].

The ability of  nucleus translocation is also inherent 
for other receptors of  the ErbB family (ErbB2, ErbB3, 
and ErbB4). Rat p185neu, ErbB2, and ErbB3 receptors 
exist in the nucleus as full length molecules, while ErbB4 
may undergo γ-secretase-mediated cleavage and with 
nuclear translocation of  C-terminal 80-kDa fragment that 
represents a soluble cytoplasmic domain with an active 
tyrosine kinase region[10,178]. Nuclear ErbB2 associates with 
a specifi c nucleotide sequence (named HER-2-associated 
sequence - HAS) of  the COX-2 gene promoter and is able 
to activate its transcription[168,173,175-178].

The hypothesis of  a primary nuclear JAK-STAT 
signaling pathway is supported by data on constitutive 
expression of  JAK1 and JAK2 in the cell nucleus. JAK1 
and JAK2 molecules have been shown to contain nuclear 
localization sequences and both kinases have been revealed 
in nuclei of  rat hepatocytes, pancreatic islet cells, CHO and 
some other cell types both without activation by upstream 
signaling and in active phosphorylated forms. GH treatment 
of  cells stimulates phosphorylation of  nuclear JAK2 without 
apparent changes of  its subcellular localization. Active 
nuclear JAK2 phosphorylates transcription factor - nuclear 
factor 1-C2 (NF1-C2) in mammary epithelial cells[8,179,180]. 
Since both JAK1 and JAK2 are expressed constitutively in 
the nucleus and a number of  cytokine receptors undergo 
nuclear translocation the realization of  primary nuclear 
JAK-STAT signaling pathway seems very possible.

Primary nuclear STAT activation has also been observed. 
Nuclear ErbB1 has been shown recently to interact with 
STAT3 in the nucleus leading to transcriptional activation 
of  inducible iNOS gene in breast carcinoma cells and this 
pathway may be associated with a high malignancy of  other 
types of  tumor cells with high level of  nuclear ErbB1 and 

Cholangiocarcinoma altered genes1 Direction of alteration1 Putative STAT responsible elements Regulation by STAT References

HGF Up STAT3 Up [113,114]
VEGF Up STAT3 Up [157]
COX-2 Up STAT3, STAT5 Up [158]
Cyclin D1 Up STAT5 Up [16,155]
p53 Down and up STAT1 Up [159]
p21waf1/cip1 Down STAT1, STAT3, STAT5 Up [155,160,161]
p27kip1 Down STAT3 Up [162]
Bcl-2 Up STAT3 Up [16]
Bcl-Xl Up STAT3, STAT5 Up [155,163]
Mcl-1 Up STAT3 Up [111,112]
MUC1 Up STAT3, STAT1 Up [164]
MUC4 Up STAT Up [165]

Table 3  Cholangiocarcinoma marker genes with promoter putative STAT responsible elements

1Altered genes and direction of changes of their expression are adopted from[2].
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STAT3[10]. C-terminal 80-kDa fragment of  ErbB4 with 
nuclear traffic activity may associate with STAT5a in the 
nucleus and transactivate gene expression[178,181]. Intracellular 
ErbB4 domain possesses a nuclear localization sequence 
essential for its nuclear accumulation. In cotransfection 
experiments nuclear translocation of  intracellular ErbB4 
domain has been shown to be required for nuclear 
translocation of  STAT5a and ErbB4 function as a nuclear 
chaperone for STAT5a transcription factor as has been 
suggested[182].

Thus, primary nuclear JAK-STAT signaling may become 
important at certain stages of  the cell cycle or be critical for 
some populations of  rapidly dividing or neoplastic cells.

Is a direct nuclear JAK-STAT pathway related to 
cholangiocarcinoma development? Intensive nuclear Prl 
receptor accumulation has been revealed in our laboratory in 
rat bile duct cells only after normal cholangiocyte transition 
to active proliferation during postnatal ontogenesis or after 
common bile duct ligation and is accompanied by elevation 
of  total receptor content both in males and females[7]. 
Similarly, we have found nuclear localized Prl receptors with 
sharp elevation of  their expression in samples of  human 
cholangiocarcinoma tissues (Figure 3) as well as in liver 
transplanted rat cholangiocarcinoma cell line RS-1.

Both total content and nuclear expression of  Prl 
receptors in transplanted RS-1 rat cholangiocarcinoma cells 
show moderate sex dependence with female predominance 
(Table 4). The intrahepatic RS1 cholangiocarcinoma 
transplant induces nuclear accumulation of  Prl receptors 
not only in malignant cholangiocytes but also in adjacent 
and distant hepatocytes and increases total Prl receptor 
immunoreactivity in these cells[7,58].

We were unable to reveal prominent nuclear Prl receptor 
expression in hepatoma H27 cells after intrahepatic 
transplantation. Thus, nuclear accumulation of  Prl 

receptors as well as their overexpression in intrahepatically 
transplanted RS1 cholangiocarcinoma cells and in 
hepatocytes of  tumor bearing animals can serve as a 
specifi c marker of  cholangiocarcinoma. Since we have used 
monoclonal antibodies U5 to the extracellular domain of  
rat Prl receptor, it was revealed that nuclear accumulation 
may be due to both full length Prl receptor or Prl binding 
protein as have been found for GH binding protein[9,172]. 
Appearance of  Prl receptors in the nucleus is associated 
with Prl participation in the regulation of  the proliferation 
process. This is confi rmed by the data indicating that in Prl-
dependent Nb2 lymphoma cells the cell cycle progression 
stops at the early G1 phase in the absence of  Prl. Treatment 
of  such cells with Prl leads to its transport to the nucleus 
followed by cell cycle progression[8,183].

In this respect unusual nuclear local ization of  
prostaglandin E2 receptor EP1 that belongs to the 
G-protein coupled receptor superfamily detected in human 
cholangiocarcinoma cell lines seems very interesting[109].

Presented data show that primary nuclear JAK-STAT 
signaling may be relevant to cholangiocarcinoma progression 
and unusual nuclear localization of  components of  the 
JAK-STAT cascade may be considered as a predisposition 
to cholangiocarcinoma development.

CONCLUSION
While the role of  GH, Prl and interleukins in normal 
cholangiocytes and pathophysiological states has been 
studied during the last decade, to date, the role of  the 
JAK-STAT pathway in cholangiocarcinoma progression 
has not really been investigated and its importance is 
underestimated. Nevertheless, the summarized data 
provide a generalized view of  the implication of  the 
central cytokine signaling in tumor development of  

Figure 3  Immunohistochemistry for prolactin receptor (PrlR) expression in human cholangiocarcinoma sample (A) and in female (B) and male (C) rat liver tissue 14 d after 
common bile duct ligation. Intensive nuclear (Nuc), PrlR-posititive immunoreactivity is shown. Orig. mag,  A, B: x 40; C: x 100.

CBA

Nuc

Nuc

Nuc

Nuc

Nuclear PrlR-positive immunoreactivity (arbitrary units), medians (upper and lower quartiles)

Normal cholangiocytes RS-1 cholangiocarcinoma cells Normal hepatocytes Tumor adjacent hepatocytes

Males 47 (0; 104) 191b (119; 288) 40 (26; 90) 308b (227; 381)
Females 113 (47; 194) 408b (256; 555)   59 (41; 101) 415b (266; 581)

bP < 0.001 as compared with correspondent intact group, Mann-Witney U-test.

Table 4  Nuclear prolactin receptor expression in rat liver transplanted RS-1 cholangiocarcinoma cells and adjacent hepatocytes as 
compared with normal cells
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epithelial bile duct cells. A more detailed study of  JAK-
STAT involvement in cholangiocyte proliferative diseases 
can open the door for newer therapeutic strategies serving 
a real alternative to surgery. 

Moreover, an engagement of  the new model of  cancer 
(cholangiocarcinoma) to studies of  JAK-STAT signaling 
can give us an exhaustive understanding of  its role in cancer 
development at different stages, which is not yet completely 
clarified (promotive role in neoplasia development[33] and 
inhibitory role in metastasis progression[45]). Moreover, it can 
help us to decipher new mechanisms of  activation of  the 
components of  the JAK-STAT pathway like receptor and/
or ligand nuclear localization.
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Abstract
AIM: To evaluate the prevalence and predictive factors 
of osteoporosis in patients with gastric adenocarcinoma 
after gastrectomy.

METHODS: The study included 133 patients diagnosed 
with gastric adenocarcinoma but who did not undergo 
prior diagnostic work-up for osteoporosis. Bone mineral 
density (BMD) was measured by dual-energy X-ray 
absorptiometry (DXA) and vertebral deformity was 
assessed by plain X-rays. We evaluated the effects of 
age, sex, body mass index (BMI), anemia, back pain, 
vertebral deformity, tumor staging, reconstruction type, 
and past medical history to determine predictive factors 
of osteoporosis in these patients. 

RESULTS: The prevalence of osteoporosis in the lumbar 
spine was 38.3% (male, 28.9%; female, 54.0%), and 
15.0% in the femoral neck (male, 10.8%; female, 
22.0%). The vertebral deformity rate was 46.6% (male, 
43.4%; female, 52.0%). Age, BMI and hemoglobin 
correlated with BMD (P  < 0.01). In males, anemia and 
age > 64 years were independent predictive factors of 
osteoporosis in multivariate analysis. In females, back 
pain was an independent factor for osteoporosis.

CONCLUSION: The results of this study revealed that 
prevalence of osteoporosis and vertebral bone deformity 
rate were high in gastric cancer patients, regardless of 
post-gastrectomy duration and operation type. Early 
diagnosis and a proper management plan must be 
established in these patients.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the most common cancers in the 
world. Although decreasing in prevalence, it is still the 
second most common cause of  cancer death in the world. 
The incidence is still very high in East Asia[1]. Although 
the overall prognosis of  gastric cancer is poor, the 5-year 
survival rate for those who receive operative treatment 
is 55.6% in Korea. Due to early diagnosis and aggressive 
surgical intervention, the survival rate is > 90% in cases of  
early gastric cancer in Korea[2]. However, many surviving 
patients suffer from the sequelae caused by the surgical 
procedure. Recently, a 63-year-old woman, who underwent 
gastrectomy for gastric malignancy, spontaneously 
developed multiple fractures. It was speculated that the 
synergistic effects of  gastrectomy and other osteoporosis 
risk factors led to multiple fractures[3]. Weight loss, 
malnutrition, anemia and osteoporosis are common after 
gastrectomy[4]. Following gastric resection, reduced cortical 
and trabecular bone mass have been reported, however, 
the mechanism remains unclear[5,6].

The american Gastroenterological Association (AGA) 
has recommended dual-energy X-ray absorptiometry 
(DXA) in patients who are alive at least 10 years after 
gastrectomy[6], based on many reports of  post-gastrectomy 
bone disease[7-20]. Most studies have dealt with patients 
with peptic ulcer disease, and those focusing on gastric 
cancer patients are rare. Recently, most gastrectomies have 
been done in patients with gastric malignancy. However, 
the age at operation and operation type might differ 
between peptic ulcer and gastric cancer. The duration 
after gastrectomy to onset of  osteoporosis may also be 
different. Among the population aged > 50 years old, 
gastric cancer detection and operation have recently 
increased in Korea[2].

In th is s tudy, we eva luated the preva lence of  
osteoporosis and vertebral bone deformity rate in patients 
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with gastric adenocarcinoma after gastrectomy. We 
evaluated the impact of  tumor staging, operation type, 
and other risk factors of  osteoporosis. We also evaluated 
the association between clinical manifestations and 
osteoporosis for early diagnosis of  osteoporosis in gastric 
cancer patients.

MATERIALS AND METHODS
One hundred and thirty-three patients with gastric cancer 
seen between January and December 2006 at the Korea 
Cancer Center Hospital were included in this study. The 
criteria for entry in this study were gastric cancer patients: 
(1) diagnosed with adenocarcinoma; (2) treated with 
curative gastrectomy and followed up without recurrence; 
(3) aged > 50 years; (4) never previously diagnosed with 
osteoporosis, and who had not taken any medication, such 
as estrogen, bisphosphonate, corticosteroid, and vitamin 
D; (5) with no other disease that affected bone mineral 
density (BMD) (like alcoholism, renal failure, chronic liver 
disease, and immobility); and (6) who could take care of  
themselves and had an average level of  physical activity. 
Patients’ characteristics are described in Table 1. Eighty-
four enrolled patients were men and 55 were women, 
ranging in age from 50 to 80 years (median, 63.9 years). 

The authors interviewed all patients closely regarding 
the known risk factors of  osteoporosis, such as family 
history of  osteoporosis, previous fracture, type 2 diabetes, 
and other chronic diseases and medication states. 
Anthropometric data (height, weight and BMI), operation 
record (tumor stage, gastrectomy and reconstruction type), 
and pathology report were also closely reviewed. 

BMD of  the lumbar spine (L1-4), and four sites in 
the proximal femur (femoral neck, Ward’s triangle, greater 
trochanter, and total hip) were measured by DXA (GE 
Prodigy; Lunar Radiation, Madison, WI, USA). The results 
of  BMD were expressed as absolute values (g/cm2), 
T scores (compared with young adults) and Z scores 
(compared with age-matched controls) were according 
to Korean reference values provided by the GE-Lunar 
database. Osteoporosis was defined as a T score of
< -2.5 and osteopenia as a T score of  -1.0 to -2.5 SD[21]. 
Lateral radiographs of  the thoraco-lumbar spine (T-L 
spine) were evaluated to assess vertebral bone deformity. 
Vertebral bone deformity was defi ned when Genant semi-
quantitative grading was higher than grade 1[22]. Low BMI 
was defined as < 18.5 kg/m2. Anemia was defined as 
hemoglobin < 11 g/dL in women and < 13 g/dL in men. 
High serum alkaline phosphatase (sALP) was defined as 
> 127 U/L (normal limit; < 126 U/L). Serum albumin, 
AST/ALT and blood urea nitrogen (BUN)/creatinine were 
used to rule out severe malnutrition, and liver and renal 
disease.

Statistical analysis
Numbers and values were expressed as means ± SD. 
Mean quantitative values were compared by Student’s t 
test. Differences in proportions among the groups were 
analyzed by the χ2 test. Variables relevant to osteoporosis 
were assessed by univariate analysis: age (< 64 vs ≥ 64 
years); sex (male vs female); low BMI (< 18.5 kg/m2); 

tumor stage; gastrectomy and reconstruction type (subtotal 
gastrectomy with Billroth Ⅰ and Billroth Ⅱ reconstruction 
vs total gastrectomy with Roux-en-Y reconstruction); 
serum ALP level (< 127 vs ≥ 127 U/L); hemoglobin level 
(male, < 13 vs ≥ 13 g/dL; female, < 11 vs ≥ 11 g/dL); 
family history of  osteoporosis; previous fracture; type 2 
diabetes; bone pain; and vertebral deformity. Variables 
signifi cant by univariate analysis (P < 0.05) were included 
in a multivariate regression analysis. Data analysis was 
performed with SPSS version 13.0 (Chicago, IL, USA). 
P < 0.05 was considered as statistically signifi cant.

RESULTS
DXA and vertebral deformity
BMD distribution was different between male and female 
patients; therefore, we listed BMD according to sex in 
Table 2. The Z score of  L1-4 BMD was decreased -0.55 ± 
1.55 in male and -0.72 ± 1.49 in female patients. However, 
the Z score of  the femur neck was 0.44 ± 0.97 in male and 
0.74 ± 1.14 in female patients. The L1-4 BMD Z score 
was signifi cantly decreased compared with the femur neck 
BMD Z score (P < 0.01).

Fifty-one (38.3%) patients had osteoporosis and 42 
(31.6%) had osteopenia in lumbar spine BMD, while 
20 (15.0%) patients had osteoporosis and 42 (31.6%) 
had osteopenia in femur neck BMD (Figure 1). The 
osteoporosis rate was 28.9% in male and 54.0% in female 
patients in lumbar spine BMD. Osteoporosis rate was 
10.8% in male and 22.0% in female patients in femur neck 
BMD. The BMI change after gastrectomy (-2.0 ± 2.4, 
male vs -2.9 ± 2.4 female), anemia rate (24% male vs 58% 
female), and TNM stage differed between male and female 
patients (Table 1). Vertebral bone deformity rate was 
43.4% in male and 52.0% in female patients. 

There was no difference in osteoporosis rate at the 
lumbar spine (39.7% vs 37.3%) and that of  femur neck 
(17.2% vs 13.3%) between early and advanced gastric 
cancer. There was no difference in BMD and osteoporosis 
rate among patients who underwent partial gastrectomy 
with Billroth Ⅰ (40.4%) or Billroth Ⅱ reconstruction 
(38 .9%) , and tota l g as t rec tomy wi th Roux-en Y 
reconstruction (34.4%) (Figure 2).

Factors for osteoporosis in gastric adenocarcinoma
With the exception of  sex, three variables were correlated 
with lumbar spine BMD. The correlation coeffi cients of  
age, BMI and hemoglobin were -0.391, 0.415 and 0.274, 
respectively (P < 0.01). In multiple regression analysis, 
BMI and hemoglobin level were correlated with BMD in 
male patients (P < 0.05). Age was not a signifi cant factor 
(P = 0.13). On the contrary, BMI and age were signifi cant 
factors in female patients (P < 0.01).

In univariate analysis, six variables were related to 
osteoporosis (Table 3). Of  these factors, age > 64 years, 
female sex, BMI < 18.5 kg/m2, anemia, back pain, 
and vertebral deformity were significant predictors 
of  osteoporosis. Multivariate analysis disclosed three 
independent predictors after stratification by sex: serum 
hemoglobin level ≤ 13 vs > 13 g/dL (odds ratio, 4.887; 
95% CI, 1.404-17.011; P = 0.011), age > 64 vs < 64 years 



(odds ratio, 3.923; 95% CI, 1.202-12.805; P = 0.018) in 
male patients, and back pain (odds ratio, 10.272; 95% CI, 
2.297-45.942; P = 0.001) in female patients (Table 4).

DISCUSSION
In the present study, we examined BMD in gastric 
adenocarcinoma patients who underwent curative surgery 
and analyzed the factors that were related to osteoporosis. 
Hemoglobin level in men and back pain in women were 
independent risk factors of  osteoporosis by multivariate 
analysis.

The overall prevalence of  osteoporosis in gastric 
adenocarcinoma patients aged > 50 years was 39.6%. The 
osteoporosis rate of  lumbar spine BMD was 29.8% in male 
and 54.5% in female patients. However, the osteoporosis 
rate of  femur neck BMD was 11.9% in male and 26.3% 
in female patients. This difference might be explained 
by the fact that the Z score of  lumbar spine BMD was 
significantly lower than that of  femur neck BMD. It is 
consistent with other studies that trabecular bone was 
more affected than cortical bone after gastrectomy[7,8]. In 
other DXA-based studies in post-gastrectomy patients, 
the prevalence of  spinal osteoporosis was 22%-37% 

and the prevalence of  femoral neck osteoporosis was 
10%-61%[9-11]. In the present study, 24 patients (18.0%) 
reported osteoporotic fracture with severe pain, such as 
Colles’, ankle and severe vertebral fractures. Sixty-one 
(45.9%) patients complained of  back pain and 62 (46.6%) 
showed vertebral bone deformity. Thirty-three (24.8%) 
patients complained of  persistent back pain with vertebral 
deformity. Although it is not clear whether vertebral 
deformity with back pain directly indicates vertebral 
fracture, Zittel et al have reported that the overall vertebral 
fracture rate after gastrectomy was 31% by CT[12]. Recently, 
Gallacher et al have reported that vertebral deformity was 
found in 47% of  osteoporosis patients and 23% of  normal 
subjects[23]. In our study, we found vertebral deformity in 
64.7% of  osteoporosis patients and 22.5% of  those with 
normal BMD.

The prevalence of  osteoporosis was high in females, 
as previously reported[5,11,13]. However, this was mainly due 
to the effect of  sex[24]. When we compared the Z scores 
of  each sex, there was no difference in the decreased 
proportion of  BMD, as in previous reports[14]. With the 
same age, women showed a greater osteoporosis rate than 
men. Except for estrogen defi ciency, a high rate of  anemia 
and low BMI might play some role in osteoporosis. Tovey 

Table 1  Patient characteristics (mean ± SD)

Variables All patients 
(n  = 133)

Male 
(n  = 83)

Female 
(n  = 50)

P

Age (yr) 
Duration after gastrectomy (yr)
BMI (kg/m2) 
BMI change after gastrectomy (kg/m2) 
AGC/EGC (n)

63.9 ± 7.0 64.3 ± 6.8 63.3 ± 7.4 NS
  2.7 ± 2.4   2.8 ± 2.6   2.5 ± 2.2 NS
21.5 ± 3.3 21.7 ± 3.1 21.2 ± 3.7 NS
–2.2 ± 2.4 –2.0 ± 2.4 –2.7 ± 2.3 < 0.05

75/58 42/41 33/17 NS
TNM stage 1 76 56 20 < 0.05

2 26 15 11
3 25 10 15
4   6   2   4

Operation type Subtotal gastrectomy Billroth Ⅰ 47 30 17 NS
Billroth Ⅱ 54 34 20

Total gastrectomy Roux - en - Y 32 19 13
Bone pain 61 39 22 NS
BMI < 18.5 (kg/m2) 21 10 11  0.07
Family history of osteoporosis 10   6   4 NS
Type 2 diabetes 13   8   5 NS
Anemia 49 20 29 < 0.01
sALP > 127 U/L 18 12   6 NS
Past history of fracture 24 14 10 NS
Vertebral deformity 62 36 26 NS

AGC: Advanced gastric cancer; EGC: Early gastric cancer; Anemia, hemoglobin < 11 g/dL in females, < 13 g/dL in males. 

Table 2  BMD of 133 patients with gastric adenocarcinoma patients according to sex (mean ± SD)

Male                 Female
BMD T score Z score BMD T score Z score

L1-4 0.979 ± 0.203 -1.65 ± 1.63 -0.55 ± 1.55 0.835 ± 0.243 -2.31 ± 1.94 -0.72 ± 1.49
Femur - neck 0.837 ± 0.145 -0.89 ± 1.13   0.44 ± 0.97 0.765 ± 0.170 -1.11 ± 1.41   0.74 ± 1.14
Ward’s 0.658 ± 0.151 -1.72 ± 1.17   0.04 ± 1.01 0.588 ± 0.181 -2.26 ± 1.40   0.13 ± 1.13
Trochanter 0.768 ± 0.154 -0.12 ± 1.40   0.65 ± 1.28 0.622 ± 0.139 -1.20 ± 1.24 -0.07 ± 0.96
Total hip 0.911 ± 0.181 -0.25 ± 1.45   0.79 ± 1.32 0.803 ± 0.174 -1.12 ± 1.44   0.37 ± 1.13

T scores (compared with young adults); Z scores (compared with age-matched controls).
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et al have also reported that iron deficiency anemia and 
osteoporosis are higher in female than in male patients 
throughout follow up after gastrectomy[5].

In the present study, there was no difference between 
BMD or osteoporosis rates between early and advanced 
gastric cancer. There was no difference in osteoporosis 
rates according to TNM stage. In addition, there was 
no difference in BMD and osteoporosis rate among 
patients undergoing Billroth Ⅰ, Billroth Ⅱ and Roux-
en-Y reconstruction. Although some studies have 
shown that Billroth Ⅱ reconstruction patients have 
lower BMD compared to those undergoing Billroth Ⅰ 
reconstruction[15,16], our results showed no difference in 
osteoporosis rate in relation to surgical reconstruction 
type, as in previous studies[12,17]. These results indicate 
that gastrectomy itself  affects BMD rather than the 
reconstruction method. The osteoporosis rate in 
gastrectomy patients cannot be predicted by reconstruction 
type, at least in surviving patients.

Anemia was a significant predictor for osteoporosis, 
at least in male patients. In multiple regression analysis, 
hemoglobin level was correlated with BMD in male 

patients (P < 0.05). In multivariate analysis, anemia was 
an independent predictor of  osteoporosis (odds ratio, 
4.887; P = 0.011). After gastrectomy and reconstruction, 
gastrointestinal physiology might be altered, and some 
nutrients might bypass the normal intestinal surface[6]. The 
main sites affected after gastrectomy are the duodenum 
and proximal jejunum, which are the main sites of  calcium 
and iron absorption. In this study, we could not fi nd an 
association between anemia and osteoporosis in females, 
as the rates were too high. The other factors such as age 
and BMI played a more important role in female patients. 
In females, 19 (86.4%) out of  22 patients who complained 
of  back pain had osteoporosis. It is well known that new 
vertebral fractures are associated with substantial increases 
in back pain and functional limitation in older women[25].

This study had some limitations. We excluded patients 
who had been diagnosed as having previous osteoporosis. 
Therefore, selection bias might exist in many older patients 
and those who survived for long periods after gastrectomy. 
Although the postoperative duration or change in BMI 
did not show any impact on BMD or osteoporosis rate in 
our study, as in previous studies[17,18], some have reported 
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a negative correlation between BMD and the time interval 
after gastrectomy[14,19]. The other limitation was that 18 
(13.5%) patients showed increased sALP ≥ 127 U/L. In 
these cases, we could not rule out osteomalacia. Others 
have reported that 10%-20% of  patients after gastrectomy 
might have osteomalacia[20,26].

In summary, we demonstrated high prevalence of  
osteoporosis and vertebral bone deformity in gastric 
cancer patients who underwent gastrectomy. Many also 
complained of  back pain and a previous history of  
fractures. Considering the fact that gastric cancer patients 
after gastrectomy have many risk factors for osteoporosis 
fracture[27], early diagnosis and treatment are necessary. 
Anemia might be an important predictive factor of  
osteoporosis in the clinical setting. Although some early 
results suggest that post-gastrectomy osteoporosis is 
resistant to treatment[5], effective results have recently been 
reported with the development of  many anti-osteoporosis 
drugs[28].

 COMMENTS
Background
Post-gastrectomy bone disease may arise secondary to total or partial 
gastrectomy. The exact nature of the bone defect is unknown, although both 
osteoporosis and osteomalacia have been found. The incidence of osteoporosis 
is between 32% and 42%. These patients are associated with an increased risk of 
fracture. There is no difference in risk for post-gastrectomy bone disease between 
those undergoing a Billroth I and Ⅱ procedure. 

Research frontiers
Recent studies have confi rmed normal intestinal absorption of vitamin D in post-
gastrectomy patients, although patients with post-gastrectomy steatorrhea 
have abnormal vitamin D absorption. Post-gastrectomy patients may alter their 
diet, and reduced serum 25-hydroxy-vitamin D level may in part refl ect reduced 
dietary intake of vitamin D. Serum calcium and phosphate levels are most often 
normal post-gastrectomy, although calcium levels may be normal as a result of 
mobilization of calcium from bone. sALP, vitamin D metabolites and parathyroid 

hormone levels are variable post-gastrectomy. Patients who are at least 10 years 
post-gastrectomy (especially postmenopausal women, men aged > 50 years, and 
patients with low-trauma fractures), should undergo DXA testing.

Innovations and breakthroughs
This study confi rms previous observations that the prevalence of osteoporosis is 
high in patients following gastrectomy. As noted previously, there is no difference 
in BMD and osteoporosis rate among patients undergoing Billroth Ⅰ, Billroth Ⅱ 
and Roux-en-Y reconstruction. A number of variables have been assessed in an 
attempt to identify factors that predispose to reduced BMD post-gastrectomy. The 
authors identifi ed that hemoglobin level and age in men and back pain in women 
were independent risk factors of osteoporosis, by multivariate analysis. Increased 
time from surgery did not correlate with lower BMD.

Peer review
This is an interesting paper from South Korea. The data presented are clear and 
concise and have been described clearly in the text.
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Abstract
AIM: To investigate the effect of arsenic trioxide (As2O3) 
on expression of vascular endothelial growth factor 
receptor-1 (VEGFR-1, Flt-1) and VEGFR-2 (KDR) in 
human gastric tumor cells and proliferation of vascular 
endothelial cells.

METHODS: The solid tumor model was formed in nude 
mice with the gastric cancer cell line SGC-7901. The 
animals were treated with As2O3. Microvessel density 
(MVD) and expression of Flt-1 and KDR were detected 
by immunofluorescence laser confocal microscopy. 
SGC-7901 cells were treated respectively by exogenous 
recombinant human VEGF165 or VEGF165 + As2O3. Cell 
viability was measured by MTT assay. Cell viability of 
ECV304 cells was measured by MTT assay, and cell cycle 
and apoptosis were analyzed using fl ow cytometry. 

RESULTS: The tumor growth inhibition was 30.33% and 
50.85%, respectively, in mice treated with As2O3 2.5 and 
5 mg/kg. MVD was signifi cantly lower in arsenic-treated 
mice than in the control group. The fl uorescence intensity 
levels of Flt-1 and KDR were significantly less in the 
arsenic-treated mice than in the control group. VEGF165 
may accelerate growth of SGC7901 cells, but As2O3 
may disturb the stimulating effect of VEGF165. ECV304 
cell growth was suppressed by 76.51%, 71.09% and 
61.49% after 48 h treatment with As2O3 at 0.5, 2.5 and
5 μmol/L, respectively. Early apoptosis in the As2O3-
treated mice was 2.88-5.1 times higher than that in the 
controls, and late apoptosis was 1.17-1.67 times higher 

than that in the controls.

CONCLUSION: Our results showed that As2O3 delays 
tumor growth, inhibits MVD, down-regulates Flt-1 and 
KDR expression, and disturbs the stimulating effect of 
VEGF165 on the growth of SGC7901 cells. These results 
suggest that As2O3 might delay growth of gastric tumors 
through inhibiting the paracrine and autocrine pathways 
of VEGF/VEGFRs. 

© 2007 WJG. All rights reserved.

Key words: Arsenic trioxide; Gastric tumor; Flt-1; Tumor 
growth inhibition 

Xiao YF, Wu DD, Liu SX, Chen X, Ren LF. Effect of arsenic 
trioxide on vascular endothelial cell proliferation and 
expression of vascular endothelial growth factor 
receptors Flt-1 and KDR in gastric cancer in nude mice. 
World J Gastroenterol 2007; 13(48): 6498-6505

 http://www.wjgnet.com/1007-9327/13/6498.asp

INTRODUCTION
Angiogenesis is recognized as playing a role in the 
pathophysiology of  many human malignancies. It is an 
important factor in the progression and enlargement of  
solid neoplasms and is closely related to invasion and 
metastases[1-3]. Angiogenesis is infl uenced by a number of  
positive and negative regulatory factors, such as cytokines, 
extracellular matrix, and other cellular constituents 
including pericytes[4]. Among the factors contributing to 
angiogenesis, vascular endothelial growth factor (VEGF) 
is recognized as one of  the most important molecules in 
the formation of  new blood vessels. VEGF is a potent 
and specific mitogen for endothelial cells that activate 
the angiogenic switch in vivo and enhance vascular 
permeability. A variety of  malignant human tumors are 
known to secrete VEGF, which has been correlated with 
the onset of  angiogenesis in tumors[5-7]. Over-expression 
of  VEGF is suggested to participate in the carcinogenic 
process[8]. VEGF binds to two distinct receptors on 
endothelial cells: VEGFR-1 (fms-like tyrosine kinase 
receptor 1, Flt-1) and VEGFR-2 (kinase insert domain 
containing receptor human homologue/fetal liver kinase 1 
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murine homologue, KDR/Flk-1)[9,10]. KDR is responsible 
for mitogenic signaling, and plays an important role in 
vasculogenesis and blood island formation, and Flt-1 
regulates the assembly of  endothelial cells and tissue factor 
production in endothelial cells[8]. Thus, it is suggested that 
inhibition of  VEGF/VEGFR pathways may interrupt 
VEGF-induced angiogenesis. Recently, a few studies have 
demonstrated co-expression of  VEGF and its receptors 
in tumor cells, which suggests that a VEGF autocrine 
pathway exists in tumor cells[11-14].

Arsenic is a common natural substance. Arsenic 
trioxide (As2O3) has shown substantial effi cacy in treating 
both newly diagnosed and relapsed patients with acute 
promyelocytic leukemia (APL)[15]. Recent studies have 
shown that a wide variety of  malignancies, including 
both hematological cancer and solid tumors derived from 
several tissue types, may be susceptible to therapy with 
As2O3

[16-19]. These successes have prompted investigations 
to elucidate the mechanisms of  action underlying these 
clinical responses. Emerging data suggest that arsenic 
induces apoptosis and inhibits tumor growth[15,16,20]. 
It has recently been reported that arsenic may inhibit 
angiogenesis[21-23]. We have recently shown in vivo and
in vitro that As2O3 can inhibit VEGF expression and 
suppress angiogenesis and gastric tumor growth[24]. 

In the present work, we investigated further the effect 
of  As2O3 on the expression of  VEGF receptors Flt-1 and 
KDR in human gastric tumor cells and the proliferation 
of  vascular endothelial cells. Our study demonstrated that 
As2O3 delayed tumor growth by inhibiting the paracrine 
and autocrine pathway of  VEGF/VEGFRs. 

MATERIALS AND METHODS
Animals and cells
Male Balb/c mice, 5-wk-old and weighing 19-21 g (from 
Shanghai Institutes for Biological Sciences, Chinese 
Academy of  Sciences, Shanghai, China) were used in this 
study. The mice were kept in a laminar-filtered airflow 
cabinet under pathogen-free conditions with a constant 
temperature of  22℃ ± 2℃, relative humidity of  55% 
± 5%, and 12-h dark/light cycles. All experiments were 
carried out according to the guidelines of  the Laboratory 
Protocol of  Animal Handling, Fourth Military Medical 
University. Human gastric cancer cell line SGC-7901 
and ECV304, a cell line derived from human umbilical 
vessel endothelial cells, were purchased from the Animal 
Laboratory Centre, Fourth Military University. 

Tumor xenografts in nude mice 
SGC-7901 cells were cultured in RPMI 1640 medium 
supplemented with 100 mL/L fetal bovine serum (FBS) 
at 37℃ in a 5 mL/L CO2 incubator. Thirty mice received 
subcutaneous injection in the right fl ank with 200 μL cell 
suspension containing 2 × 107 SGC-7901 cells. After 10 d,
when established tumors of  0.2 cm-0.3 cm diameter were 
detected, drug administration was started. 

Drug treatment
The animals were randomly divided into three groups of  

10 animals each. Arsenious acid [H3AsO3 (As2O3 + 3H2O2 
⇔ H3AsO3); Yida Pharmaceutical, Harbin, China] diluted 
with saline solution was injected intraperitoneally every 
day to the two treatment groups (2.5 and 5 mg/kg in 0.2 
mL) and the same volume of  saline solution was injected 
into the control group. After 10 d of  treatment, three 
groups of  mice were sacrifi ced and the tumor masses were 
removed. After the weight of  tumor masses was measured, 
they were fixed in 40 g/L paraformaldehyde, and the 
frozen sections were prepared with a cryomicrotome 
(HM505E, Microm, Germany) for immunofluorescence 
analysis.

Tumor inhibition and regression 
Tumor growth inhibition (TGI) was calculated by 
measuring tumor volumes before treatment, and 6 and 
11 d after treatment. Tumor volume (cm3) was calculated 
using the formula: tumor volume = 1/2ab, where a is the 
long axis, and b the short axis. TGI (%) = (1 - Vt/Vc) × 
100%, where Vt is the mean tumor volume of  the arsenic-
treated group, and Vc the mean tumor volume of  the 
control group. 

Microvessel density (MVD) 
For identification of  microvascular structure, frozen 
sections were cut and stained with rat anti-mouse CD31 
(Biolegend, USA) and secondary antibody (goat anti-
rat IgG conjugated TRITC). MVD was determined by 
confocal microscopy of  tumor tissue sections. A single 
microvessel was defined as any immunofluorescent 
endothelial cell that was distinguished from adjacent 
tumor cells and other connective tissue elements. 
The microvessels were carefully counted in 20 fields
(×400). The mean ± SE was expressed as the number of  
microvessels identifi ed within the area.

Immunofl uorescence for Flt-1 and KDR  
The frozen sections were kept at room temperature for
30 min, incubated in distilled water and PBS for 5 min each, 
permeabilized in 1 g/L Triton-X-100 for 10 min, washed 
with PBS, blocked with 100 mL/L sheep serum (Sigma, 
USA) at 37℃ for 20 min, incubated with the primary 
antibody (Flt-1 and KDR rabbit polyclonal antibodies; Lab 
Vision, Fremont, CA, USA) at 4℃ overnight, washed with 
PBS, incubated with the secondary antibody (sheep anti-
rabbit IgG conjugated FITC, diluted 1:100; Sigma) for 1h at 
37℃, washed with PBS, and then examined by a TCS SP2 
laser confocal microscope (Leica, Wetzlar, Germany). 

For each group, several field images of  Flt-1 or KDR 
were observed under confocal microscopy. The fl uorescence 
intensity of  each cell in the confocal fluorescence images 
was measured using the Leica Confocal analysis system, and 
the mean fl uorescence intensity in a group of  cells was then 
calculated.

Cell viability assay 
ECV304 cells were seeded in a 96-well plate (2 × 103 cells/
well). After 48 h seeding, cells were treated with As2O3 
(0.5, 2.5 and 5 μmol/L) for 2 d, in three parallel wells each, 
and untreated cells served as a control. By 48 h, 20 μL 



MTT (15 mg/mL) was added to each well and incubated 
for a further 4 h. The medium was removed and 150 μL 
DMSO was added to each well. A492 was measured using 
a microculture reader. The percentage of  viable cells was 
calculated as follows: (A of  experimental group/A of  
control group) × 100%.

SGC-7901 cells were seeded in a 96-well plate (2 × 103 
cells/well). After sedimentation, exogenous recombinant 
human VEGF165 (2.5, 5, 15 and 20 ng/mL) or VEGF165 
(2.5, 5, 15 and 20 ng/mL) + 2.5 μmol/L As2O3 or 
VEGF165 (2.5, 5, 15 and 20 ng/mL) + 5 μmol/L As2O3 
were added to the medium, in three parallel wells each, 
and cultured for a further 48 h. For control wells, an equal 
volume of  medium was added. The methods for the MTT 
assay and calculation of  the percentage of  viable cells were 
the same as above.  

Flow cytometry by annexin V-FITC conjugated with 
propidium iodide (PI) staining
ECV304 cells were seeded in a 24-well plate (1 × 106 

cells/well). After 48 h seeding, cells were treated with 
As2O3 (0.5, 2.5 and 5 μmol/L) for 2 d, and untreated cells 
served as controls. By 48 h, the cells were washed twice 
with cold PBS and then resuspended in a binding buffer 
at a concentration of  1 × 106 cells/mL, and the 100 μL 
solution (1 × 105 cells) was transferred to 5-mL culture 
tubes. Five microliters of  annexin V-FITC and 10 μL PI 
(μg/mL) were added to each 100-μL solution, and the cells 
were gently vortexed and incubated for 15 min at room 
temperature in the dark. The samples, to which 400 μL
PBS was added, were analyzed by FACScalibur flow 
cytometer (BD Biosciences, USA). Early apoptosis was 
estimated by the relative amount of  FITC+PI– cells.

Flow cytometry by PI staining
ECV304 cells were treated with As2O3 0.5, 2.5 or 5 μmol/L.
By 48 h, the harvested cells were fixed with 1 mL of
750 mL/L cold ethanol at 4℃ overnight, and then washed 
with PBS. The cells were incubated with RNAse and PI 
for 30 min in the dark. Cell cycle of  samples was analyzed 
using FACSCalibur fl ow cytometry. 

Statistical analysis
The data were represented as mean ± SD. Data were 

analyzed with SPSS 10.0 statistical software (SPSS, Chicago, 
IL, USA). Multiple statistical comparisons were performed 
using ANOVA in a multivariate linear model. The Student-
Newman-Kewls test was used to assess differences 
between the treatment and control group. P < 0.05
was considered statistically signifi cant.

RESULTS
As2O3 inhibition of growth of human gastric tumor 
xenografts  
All 30 nude mice developed tumors 10 d after implantation 
of  SGC-7901 cells. When drug administration was started, 
there was no signifi cant difference in the tumor volume of  
the three groups (control group, 67 ± 45 mm3; 2.5 mg/kg 
As2O3 group, 63 ± 36 mm3; 5 mg/kg group, 66 ± 48 mm3,
P > 0.05). Tumor volume in the three groups from 0, 6 
and 11 d after treatment is shown in Figure 1. There were 
signifi cant differences in the tumor volumes in the arsenic-
treated groups (2.5 mg/kg, 696 ± 125 mm3 and 5 mg/kg, 
491 ± 116 mm3) and control group (999 ± 338 mm3,
P < 0.05). On the other hand, the tumor volume in the 
5 mg/kg As2O3 group was significantly less than that 
in the 2.5 mg/kg group (P < 0.05). TGI was 30.33%
(2.5 mg/kg group) and 50.85% (5 mg/kg group) after 
arsenic treatment.

As2O3 inhibition of tumor angiogenesis 
Sections of  tumors were stained for CD31 immuno-
fluorescence to detect the number of  endothelial cells 
(ECs) as a measure of  tumor angiogenesis. MVD was 
signifi cantly lower in the 2.5 mg/kg As2O3 group (9.32 ± 
0.33 vs 5.36 ± 0.32, P < 0.01) and 5 mg/kg group (9.32 ± 
0.33 vs 3.05 ± 0.24, P < 0.01) than in the control group. 
MVD was signifi cantly lower in the 5 mg/kg group than 
in the 2.5 mg/kg group. These result demonstrated the 
decreased capillary density of  the tumor after treatment 
with As2O3 (Figure 2).

Effect of As2O3 on Flt-1 and KDR expression in tumor 
xenografts 
Expression of  Flt-1 and KDR was confi rmed by the presence 
of  fl uorescence-stained cytoplasm in the tumor cells. Stronger 
immunoreactivity to Flt-1 (Figure 3A) and KDR (Figure 
4A) was found in all the SGC-7901 tumor xenografts of  the 
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Figure 1  Arsenic trioxide inhibition gastric tumor xenografts growth.
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Figure 2  Effect of arsenic trioxide on tumor angiogenesis. Microvessel density 
(MVD) was measured with counting the fl uorescence staining cell in high power 
fi eld (400). Data are given as mean and SE.
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control group. The weaker fl uorescence intensity was observed 
in tumor cells of  the mice treated with 2.5 mg/kg (Figures 
3 and 4B) and 5 mg/kg (Figures 3 and 4C) As2O3. The 
expression of  Flt-1 and KDR in tumor cells was signifi cantly 
less in the arsenic-treated groups than in the control group
(P < 0.001). Expression of  Flt-1 and KDR in the 5 mg/kg 
As2O3 group was less than that in the 2.5 mg/kg group
(Table 1).

Effect of As2O3 on VEGF-stimulated growth of SGC7901 
tumor cells
S G C 7 9 0 1  c e l l s  w e r e  i n c u b a t e d  w i t h  v a r y i n g 
concentrations of  VEGF165 or VEGF165 + 2.5 μmol/L 
As2O3 and varying concentrations of  VEGF165 + 5 
μmol/L As2O3. Its effects were measured using the 
MTT assay (Table 2). The results showed that VEGF165 
may have accelerated the growth of  SGC7901 cells, 
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Figure 3  Effective inhibition of expression of Flt-1 (VEGFR-1) 
in the xenograft tumors by treatment with arsenic trioxide. Flt-1 
expression was determined by Immunofl uorescence staining and 
laser confocal microscope. Original magnifi cation × 400. A: Control 
group; B: 2.5 mg/kg group; C: 5 mg/kg group; D: Quantitative 
analysis of fluorescence intensity in the three groups of tumors 
was measured using the Leica Confocal analysis system. Data are 
given as mean and SE.
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Figure 4  Effective inhibition of expression of KDR (VEGFR-2) in the 
xenograft tumors by treatment with arsenic trioxide. KDR expression 
was determined by Immunofl uorescence staining and laser confocal 
microscopy. Original magnification × 400. A: Control group; B: 
2.5 mg/kg group; C: 5 mg/kg group; D: Quantitative analysis of 
fl uorescence intensity in the three groups of tumors was measured 
using the Leica Confocal analysis system. Data are given as mean 
and SE.
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but As2O3 may have disturbed the stimulatory effect of  
VEGF165.

Effect of As2O3 on proliferation of vascular endothelial 
cells 
Cell viability was determined by the MTT assay (Figure 5).
As2O3 inhibited the growth of  ECV304 cells in a dose-
dependent manner. Cell growth was suppressed by 
76.51%, 71.09% and 61.49% after 48 h treatment with 
As2O3 at 0.5, 2.5 and 5 μmol/L, respectively.

Cell cycle and apoptosis of vascular endothelial cells 
induced by As2O3

Flow cytometry with only PI staining showed that the 
percentage of  cells treated with As2O3 was higher in the 
sub-G1 period, lower in the sub-S period, and lower in the 
G2/G1 period when compared to the controls. Apoptotic 
cells were respectively 14.84% and 18.9% in the 2.5 and 
5 μmol/L As2O3 groups (Table 3 and Figure 6). Early 
apoptotic cells, detected by flow cytometry with annexin 
V conjugated with PI staining, reached, respectively, 4.18, 
5.36 and 7.4% in the 0.5, 2.5 and 5 μmol/L As2O3 groups 
(Figure 7). Early apoptosis in As2O3-treated groups was 
2.88-5.1 times higher than that of  the controls, and late 
apoptosis was 1.17-1.67 times than that of  the controls.

DISCUSSION
Angiogenesis is critical for supporting the rapid growth of  
tumors. Angiogenesis inhibition is a promising therapeutic 
approach for the treatment of  cancer. As2O3 has been 
demonstrated to induce complete remission in patients 
with APL without severe toxicity. More recently, in vitro 
studies have shown As2O3 apoptosis in other leukemia 
and solid tumor cells. As a novel anticancer agent, a few 
in vivo investigations of  its efficacy on solid tumors have 
been carried out[19,21]. In this study, we observed the effect 
of  As2O3 on growth and angiogenesis in a gastric cancer 

SGC7901 xenograft model. MVD was measured in tumor 
tissue by the amount of  labeled CD31. The results revealed 
that a 10 d treatment with As2O3 resulted in tumor growth 
inhibition and MVD decrease. TGI was respectively 
29.08% and 52.17% in mice treated with 2.5 and 5 mg/kg
As2O3. MVD was significantly lower in tumor tissues in 
arsenic-treated mice than in the control groups. The results 
demonstrated that As2O3 inhibited gastric cancer growth 
in vivo and suppressed the formation of  new blood vessels 
in cancer tissues. Anti-angiogenesis may be one of  the 
mechanisms by which As2O3 inhibits gastric cancer growth.

ECs are the primary structured units of  blood 
vessels. In recent years, ECs have been the target cell of  
some angiogenesis inhibitors that have been undergoing 
clinical trials. These inhibitors can selectively affect 
diverse EC functions that are related to angiogenesis, 
including activation, proliferation, migration, invasion and 
survival[25,26]. It has been reported that particles of  realgar 
(As2S2) with an average diameter of  100-150 nm can 
induce EVCV-304 cell apoptosis[27]. We studied the effect 
of  As2O3 on growth and proliferation of  ECV304 cells. 
In our study, the MTT assay showed that As2O3 inhibited 
the growth of  ECV304 cells in a dose-dependent manner. 
Flow cytometry assays with only PI staining showed that 
the percentage of  the cells treated with As2O3 were higher 
in the sub-G1 period, lower in the sub-S period, and lower 
in the G2/G1 period when compared to the controls; and 
14.84% and 18.9% of  the cells treated with As2O3 at 2.5 
and 5 μmol/L, respectively, were apoptotic. Early apoptosis 
in the As2O3 treated groups was 2.88-5.1 times higher than 
that in the controls, and late apoptosis was 1.17-1.67 times 
higher than that in the controls. These results showed that 
As2O3 inhibited the viability of  ECV304 cells and arrested 
the cells in G1 phase, blocked or delayed their entry into S 
phase, disturbed DNA synthesis, and induced apoptosis in 

Table 3  Effect of As2O3 on cell cycle of ECV304 cells (%)

Groups G1 G2/G1 S Apoptosis

Control 94.24 2.05 5.76          0
0.5 μmol/L As2O3 96.17 1.81 2.59          0
2.5 μmol/L As2O3 96.15 1.91 t0        14.84
5 μmol/L As2O3 96.96 1.84 0        18.90

 

Table 2  Effect of As2O3 on VEGF-stimulated growth of tumor 
cells (%)

                        As2O3 (ng/mL)

 2.5    5 10 15 20 
VEGF165 105.79 106.62 100.97 107.59 109.38
VEGF165 + 2.5
μmol/L As2O3

  84.24   97.95   97.59 100.48   94.94

VEGF165 + 5 
μmol/L As2O3

  76.87   68.55   83.74   85.06   84.94

Table 1  Effect of As2O3 on Flt-1 and KDR/Flk-1 expression in 
tumor xenografts (fl uorescence intensity) (n = 10, mean ± SD)

Group       Flt-1   KDR/Flk-1 
Control 137.41 ± 3.36 141.62 ± 1.66
2.5 mg/kg 103.53 ± 2.23b 114.99 ± 2.19b

5 mg/kg   72.17 ± 0.87b,d 101.11 ± 1.89b,d

bP < 0.001, treatment groups vs control group; dP < 0.001, 5 mg/kg group vs
2.5 mg group.

120

100

  80

  60

  40

  20

    0
Control         0.5 μmol/L      2.5 μmol/L        5 μmol/L

(%
)

Figure 5  Effect of As2O3 on growth of ECV304 cells. The cell viability was 
analyzed by MTT assay.
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the G1 phase.
Tumor angiogenesis appears to be achieved by the 

overexpression of  angiogenic agents within solid tumors 
that stimulate host vascular EC mitogenesis and possibly 
chemotaxis. In recent years, it has been widely shown that 
activity of  VEGF is a key feature during tumor growth 
and angiogenesis[28-30]. In the course of  occurrence and 

development of  gastric cancer, angiogenesis plays a crucial 
role in which VEGF is believed to be the most important 
factor in neovascularization[31]. Some studies have 
shown that the serum level of  VEGF is not only related 
to prognosis of  gastric cancer, but also to treatment 
effi cacy[32].

Both types of  specific receptors for VEGF, Flt-1 
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Figure 6  Effect of As2O3 on cell cycle 
of ECV304 cells. A: Control; B: 0.5 
μmol/L As2O3; C: 2.5 μmol/L As2O3; 
D: 5 μmol/L As2O3.
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and KDR, are commonly distributed in ECs. VEGF 
acts by binding to the receptors on ECs, and prompts 
EC proliferation. VEGF and its receptors are the most 
important pathways in tumor angiogenesis. Inhibition of  
VEGF/VEGFR pathways may suppress angiogenesis and 
tumor growth. However, the expression of  VEGFR is not 
EC-specifi c, and recent emerging evidence has shown that 
VEGFRs are expressed in several types of  non-endothelial 
cells, especially in tumor cells, which indicates that there is 
an autocrine pathway of  VEGF in tumor cells. A report 
by Zhang et al[8] has shown that eight gastric cancer lines 
(RF-1, RF-48, NCI-87, NCI-SNU-1, NCI-SNU-5, NCI-
SNU-16, AGS-1 and KATO-Ⅲ) express VEGF, and six 
of  these express both Flt-1 and KDR, and exogenous 
VEGF can stimulate the growth of  KDR-positive tumor 
cells. These results suggest that VEGF acts not only as a 
paracrine factor on ECs, but also as an autocrine factor 
on tumor cells. VEGFR may play an important role in 
paracrine and autocrine pathways of  VEGF, and VEGFR 
inhibitors can inhibit tumor angiogenesis and growth[8,9]. 

Our recent study[24] has demonstrated that As2O3 can 
inhibit expression of  VEGF in gastric cancer. In the 
present study, we examined further the effect of  As2O3 
on VEGFR expression in vivo, and intended to confirm 
the anticancer activity of  arsenic, which may block the 
paracrine and autocrine VEGF/VEGFR pathways, 
thereby delaying new tumor blood vessel formation and 
tumor cell growth. Our results showed that all of  the Flt-1 
and KDR expressed in the SGC-7901 tumor xenografts, 
and their expression in tumor cell control were higher than 
that in arsenic-treated mice. The fluorescence intensity 
levels of  Flt-1 and KDR in tumor cells were signifi cantly 
reduced in the arsenic-treated groups (P < 0.001). The 
fluorescence intensity levels of  Flt-1 and KDR in the 
5 mg/kg group were less than those in the 2.5 mg/kg group 
(P < 0.001). These results suggest that As2O3 can result in 
signifi cant down-regulation of  Flt-1 and KDR in a dose-
dependent manner. The results of  further experiments 
in vitro showed that exogenous VEGF165 could stimulate 
the growth of  SGC7901 cells, and As2O3 may have 
disturbed the stimulatory effect of  VEGF165. It indicates 
that the autocrine pathway of  VEGF through VEGFRs 
is possible in gastric carcinoma, and As2O3 inhibits 
expression of  Flt-1 and KDR in endothelial and tumor 
cells. As2O3 may block new blood vessel formation 
through the paracrine pathway and affect growth of  tumor 
cells through the autocrine pathway of  VEGF/VEGFRs, 
and delay tumor growth.

In conclusion, the results of  our present study showed 
that As2O3 delayed growth of  human gastric tumor 
xenografts in nude mice, decreased MVD in tumor tissues, 
inhibited proliferation of  vascular ECs and induced their 
apoptosis, which resulted in down-regulation of  Flt-1 and 
KDR expression in tumor tissues in a dose-dependent 
manner. Further results indicate that exogenous VEGF165 
can stimulate the growth of  SGC7901 cells, and As2O3 
may disturb the stimulatory effect of  VEGF165. These 
results suggest that As2O3 might delay growth of  gastric 
tumor through inhibiting the paracrine and autocrine 
pathway of  VEGF/VEGFRs. 

 COMMENTS
Background
Angiogenesis is an important factor in the progression and enlargement of solid 
neoplasms and is in close relation to invasion and metastases. Inhibition of 
angiogenesis may lead to control of tumor growth and metastasis, therefore, 
antiangiogenesis is a promising therapeutic approach for treatment of cancer. 
VEGF is recognized as one of the most important molecules in the formation of 
new blood vessels. VEGF binds to two distinct receptors on ECs: Flt-1(VEGFR-1) 
and KDR (VEGFR-2). Thus, it is suggested that inhibition of VEGF/VEGFR 
pathways may interrupt VEGF-induced angiogenesis. 

Research frontiers
As2O3 shows substantial effi cacy in treating both newly diagnosed and relapsed 
patients with APL. Recent studies have shown that a wide variety of malignancies, 
including both hematological cancer and solid tumors derived from several tissue 
types, may be susceptible to therapy with As2O3. These successes have prompted 
investigations to elucidate the mechanisms of action underlying these clinical 
responses. Emerging data suggest that arsenic induces apoptosis, and inhibits 
tumor growth and angiogenesis. We have recently shown in vivo and in vitro 
that As2O3 can inhibit VEGF expression and suppress angiogenesis and gastric 
tumor growth. In the present work, we investigated further the effect of As2O3 on 
expression of VEGF receptors Flt-1 and KDR in human gastric tumor cells and 
proliferation of vascular ECs. 

Innovations and breakthroughs
Our results showed that As2O3 delayed growth of human gastric tumor xenografts 
in nude mice and decreased MVD in tumor tissues, inhibited proliferation of 
vascular ECs and induced their apoptosis, which resulted in down-regulation of 
Flt-1 and KDR/Flk-1 expression in tumor tissues in a dose-dependent manner. 
VEGF165 could stimulate the growth of SGC7901 cells, and As2O3 may have 
disturbed the stimulatory effect of VEGF165. These results suggest that As2O3 
might delay growth of gastric tumor through inhibiting the paracrine and autocrine 
pathway of VEGF/VEGFRs.

Applications 
The studies suggest that As2O3 might delay growth of gastric tumor through 
inhibiting the paracrine and autocrine pathway of VEGF/VEGFRs. One of the 
mechanisms by which As2O3 inhibits tumors growth is anti-angiogenesis through 
inhibiting VEGF/VEGFRs. Our results suggest that As2O3 might be used to treat 
tumors. 

Terminology
VEGF is recognized as one of the most important factors in the formation of new 
blood vessels. As2O3 is a common natural substance.

Peer review
This is an excellent paper in terms of scientific rigor, and it is well-written. The 
experiments were well-designed and well-executed.
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mitosis index of the LSC, MSC, HSC groups was greatly 
decreased (P < 0.05) at all time points. Any dose of 
SC-B suppressed mitosis within 12-48 h. Compared to 
the DMSO group, the percentage of cells in the G0/G1 

phase of the MSC group was greatly increased, and that 
of the S + G2M phase was greatly decreased, while the 
percentage of cell inhibition (PCI) in the MSC group was 
greatly increased (P < 0.05). This suggested that SC-B 
could exclusively arrest cells in the G0/G1 phase. Cyclin 
D1 mRNA expression was lower in the MSC group than 
that in the DMSO group (P < 0.05).

CONCLUSION: SC-B can inhibit the proliferation and 
aberrant mitosis of human gastric cancer SCG-7901 cells 
in vitro . This inhibitory effect may be due to the down-
regulation of cyclin D1 mRNA expression, which causes 
cell cycle arrest of gastric cancer cells.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Gastric cancer is one of  the most prevalent tumors. In 
China, its incidence and death rate are above those for all 
other tumors[1]. Therefore, the development of  drugs for 
the treatment of  gastric cancer is of  great importance. 
Tradit ional Chinese medicines and their effective 
components have certain antitumor effects. This study 
investigated the inhibitory effect and mechanism of  action 
of  SC-B (consisting of  schisandrin B, aloe-emodin and 
Astragalus polysaccharides) on the SGC-7901 cell line 
in vitro.

MATERIALS AND METHODS
Reagents 
Schisandrin B and aloe-emodin were purchased from the 
National Institute for the Control of  Pharmaceutical and 
Biological Products. Astragalus polysaccharides (UV > 
70%) were from East Plant Health Protection. MTT, trypsin 
(1:250), fetal bovine serum and DMSO were from Sigma (St. 
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Abstract
AIM: To investigate the inhibitory effect and possible 
mechanism of action of schisandrin B in SC-B on gastric 
cancer cells in vitro .

METHODS: SC-B consisted of schisandrin B, aloe-
emodin, and Astragalus  polysaccharides. Exponentially 
growing human gastric cancer SGC-7901 cells were 
divided into six treatment groups: (1) control group (RPMI 
1640 medium); (2) negative control group (2% DMSO); 
(3) positive control group (50 mg/L 5-Fluorouracil, 
5-FU); (4) low-dose group (LSC, fi nal concentration of 
schisandrin B, 25 mg/L); (5) moderate-dose group (MSC, 
fi nal concentration of schisandrin B, 50 mg/L); (6) high-
dose group (HSC, fi nal concentration of schisandrin B, 
100 mg/L). Follow-up was done at 12-48 h. An MTT 
(Methylthiazolyldiphenyl-tetrazolium bromide) assay 
was used to examine the inhibitory effect of SC-B on 
gastric cancer cells. The mitosis index was assessed 
using an inverted microscope. Flow cytometry was 
used to visualize the cell cycle. An RT-PCR (Reverse 
transcription-Polymerase chain reaction) -based assay 
was used to detect mRNA expression for cyclin D1 and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 

RESULTS: The MTT assay showed that the number 
of living cells in the LSC, MSC and HSC groups was 
signifi cantly smaller than that in the DMSO-treated group 
(P < 0.05) at 12 -48 h. The inhibitory rate (IR) of the 
LSC group was 41.15% ± 3.86%, 59.24% ± 5.34% and 
69.93% ± 7.81% at 12, 24 and 48 h, respectively. The 
IR of the MSC group was 42.82% ± 4.94%, 62.68% 
± 7.58% and 71.79% ± 8.12% at 12, 24 and 48 h, 
respectively. The IR of the HSC group was 37.50% ± 
3.21%, 40.34% ± 2.98% and 61.99% ± 4.88% at 12, 
24 and 48 h, respectively. These results suggested that 
a moderate dosage had the most obvious inhibitory 
efficacy at 48 h. Compared to the DMSO group, the 
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Louis, MO, USA). RPMI 1640 medium and Trizol reagent 
were from Gibco/BRL (Gaithersburg, MD, USA). Oligo-dT 
primers, reverse transcriptase (AMV) and Taq polymerase 
were all from Promega (Madison, WI, USA). 

Cell line and cell culture 
Human gastric cancer cells (SGC-7901) were purchased 
from the Department of  Cellular and Molecular Biology, 
Shanghai Institute of  Biochemistry and Cell Biology, 
Academia Sinica. Cells were cultured in MEM containing 
10% heated-inactivated fetal calf  serum and PNS
(100 U/mL penicillin and 10 mL/L streptomycin), at 37℃, 
in a humidified atmosphere of  95% O2/5% CO2. Cells 
were sub-cultured every 2 or 3 d. 

Grouping 
Cells were classified into the following groups: control 
group (treated with RPMI 1640 medium); negative 
control group (treated with DMSO; final concentration, 
2%); positive control group (treated with 5-FU; final 
concentration, 50 mg/L), low-dose group (LSC, containing 
25 mg/L schisandrin B); moderate-dose group (MSC, 
containing 50 mg/L schisandrin B); and high-dose 
group (HSC, containing 100 mg/L schisandrin B). Note 
that SC-B consisted of  schisandrin B, aloe-emolin and 
Astragalus polysaccharides at a ratio of  2:1:1.

MTT experiment  
Exponentially growing SGC-7901 cells were digested 
by 0.25% trypsin for 1-2 min, and washed three times 
with PBS. RPMI 1640 medium containing 10% newborn 
bovine serum was added to obtain a cell density of
5 × 108 cells/L. Final cell suspensions (100 μL) were 
placed in 96-well plates in an incubator containing 5% 
CO2, and incubated at 37℃ for 24 h. Then, 100 μL RPMI 
1640 medium containing different concentrations of  
schisandrin B was added to each plate. The effects of  
schisandrin B were assessed using six replicates for each 
concentration of  schisandrin B. Cells were cultured for 12, 
24 and 48 h. The culture medium was changed every 24 
h. Four hours before the end of  the culture, 20 μL 5 g/L 
MTT was added to the wells. Optical density (OD) values 
for each well were measured at 490 nm using an enzyme-
linked immunosorbent assay meter. Inhibitory rate (IR) 
was calculated according to the formula: IR = [1 - (mean 
of  treated group)/(mean of  control group)] × 100%. 

Mitosis index
Cellular mitosis was observed using an inverted microscope, 
and the propor t ion of  mitot ic cel ls in 1000 cel ls
was calculated after SC-B was added to the plates. The 
drug concentrations and incubation times were the same 
as those used in the MTT experiment. 

Cell cycle analysis
Exponentially growing SGC-7901 cells were used for this 
experiment, and the cell density was adjusted to 3 × 108 
cells/L by adding RPMI 1640 medium containing 10% 
newborn bovine serum, to obtain a 2 mL final volume 
in each six-well plate. Six-well plates were placed at 37℃ 
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in an incubator containing 5% CO2 for 24 h. The culture 
medium was changed 24 h later. Once the 2 mL fi nal cell 
suspensions (containing SC-B with a final concentration 
of  schisandrin B of  50 mg/L) were added, the cells were 
left to incubate for 48 h. Finally, samples were processed 
to obtain simple cell suspensions (target cell number 
was > 5 × 109 cells/L), which were fi xed with 70% cold 
ethanol for 24 h, after centrifugation for 5 min at 200 × g.
The cells were further centrifuged for 15 min at 200 × g, 
and then resuspended in 0.5 mL PBS. Then, they were 
digested by Rnase-A (final concentration, 50 mg/L) 
for 30 min at 37°C, and stained with propidium iodide 
(final concentration, 65 mg/L) for 30 min. Finally, cell 
suspensions were analyzed for the cell cycle using a nylon 
monofi lament mesh screen with 44-μm openings and fl ow 
cytometry. The percentage of  cell inhibition (PCI) was 
calculated according to the formula: PCI = [(Percentage 
of  S + G2M in DMSO group - Percentage of  S + G2M 
in treatment group) / Percentage of  S+G2M in DMSO 
group] × 100%.

Detection of Cyclin D1 mRNA
The methods for cell culture, including drug concentrations 
and incubation times were the same as those for the cell 
cycle analysis.

Total mRNA extraction
Cells in each six-well plate were homogenized in 1 mL 
Trizol and 0.2 mL chloroform, and the mixture was placed 
on ice for 5 min. After sedimentation by centrifugation at 
12 000 × g at 4℃, RNA was precipitated by combining the 
aqueous phase with an equal volume of  isopropanol. The 
precipitate was recovered by centrifugation (12 000 × g 
at 4℃), washed once with 75% ethanol, and solubilized 
in diethylpyrocarbonate (DEPC)-treated water. RNA 
concentrations were measured with a UV spectrometer. 
RNA/DNA (A260/A280) ratio had to be > 1.8. 

Reverse transcription (RT) 
Each RT reaction consisted of  1 μg extracted RNA, 1 μL 
10 × RT buffer, 4 μL dNTPs (10 mmol/L), 0.5 μL oligo-
dT primers, 1 μL AMV, and 0.25 μL RNase inhibitor, and 
DEPC-treated water was added to obtain a fi nal reaction 
volume of  10 μL. RT was initially performed at 95℃ for
3 min, and placed on ice. Other reactants were added to 
the reaction system, and the mixture was further incubated 
at 42℃ for 70 min, and held at 95℃ for 3 min. Samples 
were frozen for later use. 

Polymerase chain reaction (PCR)
Each PCR reaction included 10 μL 5 × PCR Buffer, 
1.6 μL dNTPs, 0.5 μL of  a 25 μmol/L solution of  
each primer, 0.25 μL Taq DNA polymerase, 10 μL RT 
products, and DEPC-treated water. The total reaction 
volume was 40 μL. PCR reaction conditions are shown 
in Table 1. The amplified products were visualized by 
electrophoresis on a 1.5% agarose gel, stained with 
1 mg/L ethidium bromide, and illuminated and analyzed 
with a UVP gel imaging system (BIO-PRO, Carlsbad, 
CA, USA).



Statistical analysis
Data were processed using SPSS10.0 software. One-way 
ANOVA analysis was used to examine the differences 
between the groups.

RESULTS
Effect of SC-B on gastric cancer SGC-7901 cells 
Our results showed that the living cell numbers in the LSC, 
MSC, HSC groups were signifi cantly smaller than that in 
the DMSO group (P < 0.05), as measured by the MTT 
assay, at 12, 24 and 48 h. The IR of  the LSC group was 
41.15% ± 3.86%, 59.24% ± 5.34%, and 69.93% ± 7.81% 
at 12, 24 and 48 h, respectively. The IR of  the MSC group 
was 42.82% ± 4.94%, 62.68% ± 7.58% and 71.79% ± 
8.12% at 12, 24 and 48 h, respectively. The IR of  the HSC 
group was 37.50% ± 3.21%, 40.34% ± 2.98% and 61.99% 
± 4.88% at 12, 24 and 48 h, respectively. These results 
suggested that a moderate dosage of  SC-B had the most 
obvious inhibitory effect at 48 h (Figure 1).

Infl uence of SC-B on the mitosis of gastric cancer 
SGC-7901 cells
Compared to the DMSO group, the mitosis index of  the 
LSC, MSC, HSC groups was greatly decreased (P < 0.05) 
at different time points. This suggested that SC-B could 
suppress mitosis of  SGC-7901 cells treated with the three 
doses within 12 to 48 h (Figure 2). 

Infl uence of SC-B on the cell cycle of gastric cancer 
SGC-7901 cells
Compared to the DMSO group, in the MSC group, the 
number of  cells in the G0/G1 phase was greatly increased 
(62.59% ± 2.42% vs 56.76% ± 2.56%),  but the number in 
the S + G2M phase was greatly decreased (37.42% ± 2.42% 
vs 43.25% ± 2.56%). The PCI of  the MSC group was 
greatly increased compared to the DMSO group (20.42% 
± 3.11% vs 7.29% ± 2.83%, P < 0.05). This suggested 
that SC-B could exclusively arrest cells in the G0/G1 phase 
(Figures 3 and 4).

Infl uence of SC-B on cyclin D1 mRNA expression of 
gastric cancer SGC-7901 cells 
GAPDH mRNA was used as the standard for PCR (320 
bp). The ratio of  cyclin D1 mRNA to GAPDH mRNA 
was used to quantify the expression level of cyclin D1 
mRNA (573 bp). The results showed that cyclin D1 
mRNA expression in the MSC group was lower than that 
in the DMSO group (P < 0.05) (Figure 5).

DISCUSSION
Schisandrin B, extracted from the fruit of  Schisandra 
chinensis Baill, has been reported to have antitumor 

Table 1  Primers and PCR conditions

mRNA              Primer (5’-3’)        Primer size (bp)    PCR conditions

CyclinD1 F: TGGATGCTGGAGGTCTGCGAGGAA                573        95℃/3 min;
 R: GGCTTCGATCTGCTCCTGGCAGGC   
GAPDH F: GAAGGTGAAGGTCGGAGT                 320        (94℃/30 s; 55℃/30 s; 72℃/60 s) 35 cycles
 R: GA AGATGGTGATGGGATTTA

F: Forward; R: Reverse.
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effects. For example, schisandrin B can inhibit the 
proliferation of  human hepatoma SMMC-7721 cells and 
induce apoptosis, involving the caspase-3-dependent and 
caspase-9-independent pathways, accompanied by down-
regulation of  Hsp70 protein expression at an early stage[2]. 
Schisandrin B enhances doxorubicin-induced apoptosis of  
SMMC7721 cells and MCF-7, a human breast cancer cell 
line, but not normal cells. This enhancement is associated 
with the activation of  caspase 9[3]. Schisandrin B inhibits 
DNA synthesis in ascitic hepatoma cells[4]. Aloe-emodin 
is purifi ed from Aloe vera leaves. Aloe-emodin modulates 
protein kinase C isozymes, inhibits proliferation, and 
induces apoptosis in U-373MG glioma cells[5]. The aloe-
emodin-induced increase in the amount of  proforms 
and fragments of  nucleophosmin in the cytoplasm 
may be one of  the important events for aloe-emodin-
induced H460 cell apoptosis[6]. All this information 
supports the hypothesis that aloe-emodin represents 
a novel antitumor chemotherapeutic drug. Astragalus 
mongholicus polysaccharides have been isolated from one 
of  the Chinese herbs, and are known to have various 
immunomodulatory activities[7]. We have previously shown 
that schisandrin B and aloe-emodin clearly inhibit the 
multiplication of  human SGC-7901 cells within 12 to 48 h, 
and we have found that the most effective concentration 
ratio of  schisandrin, aloe-emodin and Astragalus polysaccha-

rides in SC-B is 2:1:1. The inhibitory effect of  SC-B is 
signifi cantly higher than that of  schisandrin, aloe-emodin 
and Astragalus polysaccharides on their own[8].

This study investigated the inhibitory effect and 
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Figure 3  Effect of SC-B on the cell cycle of gastric cancer SGC-7901 cells. 
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mechanism of  SC-B on the SGC-7901 gastric cancer cell 
line in vitro. We showed that SC-B (25-100 mg/L) clearly 
inhibited the multiplication and mitosis of  human gastric 
cancer SGC-7901 cells within 12-48 h, but a dose of  
50 mg/L SC-B had the strongest inhibitory effect at 48 h.
Therefore, when we further investigated the possible 
mechanisms of  SC-B, we decided to use the moderate 
concentration (50 mg/L) and the 48-h time point.

 The cell cycle consists of  the G1 phase (growth and 
preparation of  the chromosomes for replication), S phase 
(synthesis of  DNA), G2 phase (preparation for mitosis), 
and M phase (mitosis). A eukaryotic cell cannot divide into 
two, and the resulting two cells cannot divide into four, 
unless two processes are alternated. These include the 
doubling of  the DNA genome in the S phase (synthesis 
phase), and the halving of  this genome during mitosis 
(M phase). The period between M and S is called the G1 

phase, and the period between S and M is the G2 phase. 
Sometimes, a cell leaves the cell cycle temporarily or 
permanently. It exits the cycle at G1, and enters a stage 
designated G0. G0 represents the absence of  signals for 
mitosis, and an active repression of  the genes needed for 
mitosis. Cancer cells cannot enter G0, and are destined 
to repeat the cell cycle indefi nitely[9]. If  some mechanism 
can prevent S phase cancer cells from entering the M 
phase, then the infinite growth of  cancer cells could be 
controlled. In our study, exponentially growing cells were 
used to analyze the changes in the cell cycle. We showed 
that SC-B (50 mg/L) exclusively arrested cells in the G0/
G1 phase compared to the DMSO group. The number of  
cells in the G0/G1 phase in the MSC group was greatly 
increased (P < 0.05 vs DMSO group), which suggests that 
SC-B (50 mg/L) can prevent G1 phase cancer cells from 
entering the M phase.

Quality controls of  the cell cycle are cell-cycle checkpo-
ints. Some key checkpoints are: G1 checkpoint (to assess 

DNA damage before the cells enter S phase); S checkpoint 
(to monitor the presence of  the Okazaki fragments on the 
lagging strand during DNA replication); G2 checkpoint 
(during S phase, and after DNA replication); and M 
checkpoint (to detect any failure of  spindle fi bers to attach 
to the kinetochores, and arrest the cell in metaphase)[10-14]. 
Checkpoints can become activated due to DNA damage, 
exogenous stress signals, defects during DNA replication, 
or failure of  the chromosomes to attach to the mitotic 
spindle[15]. Whether the cell cycle starts to allow the cells 
to proliferate depends on the G1 checkpoint, which 
determines if  the cells enter the S phase. The cell cycle 
is controlled by proteins in the cytoplasm. One of  the 
main players in animal cells is cyclin D1. This is one of  
the important regulative factors that can induce cells from 
G1 to enter the S phase. Increased amounts of  cyclin D1 
bind to cyclin-dependent kinases 4/6, which is the signal 
to prepare the chromosomes for replication[16,17]. RT-
PCR was used to measure cyclin D1 mRNA expression 
in this study. The results showed that cyclin D1 mRNA 
expression was significantly reduced in the MSC group
(50 mg/L) compared to the DMSO group (P < 0.05). This 
suggested that SC-B suppressed the multiplication and 
aberrant mitosis of  human gastric cancer SGC-7901 cells 
by reducing cyclin D1 mRNA expression, which caused 
the cell cycle to arrest by inhibiting the G1 checkpoint (i.e. 
by preventing gastric cancer cells from G1 entering the S 
phase).

  
Background
Gastric cancer is one of the most prevalent malignant tumors, and is classifi ed as 
one of the fi rst and most severe form of cancer harming people’s health. Therefore, 
the exploitation of drugs to treat gastric cancer is of great signifi cance. Traditional 
Chinese medicines and their effective components have certain antitumor effects.

Research frontiers
Schisandrin B, a dibenzocyclooctadiene derivative was isolated from the fruit of 
Schisandra chinensis. Many studies showed that schisandrin B has anticancer 
effects. Now, studies on the application of Schisandrin B in the preparation of 
anticancer medications, particularly for the treatment of multidrug resistant (MDR) 
cancer are hot research topics. Schisandrin B effectively reverses MDR cancer in 
combination with other anticancer chemotherapeutic agents. 

Innovations and breakthroughs
Many other researches have revealed that Schisandrin B has anticancer effects, 
but Schisandrin B is cytotoxic to human cancer cells, which restricts its application 
in cancer chemotherapy. In this study, we successfully prepared SC-B for human 
use by mixing schisandrin B with aloe-emodin and Astragalus polysaccharides. 
The anticancer effect of SC-B was greatly increased compared with that of 
Schisandrin B on its own. In this study, we observed the influence of SC-B on 
living cell numbers, mitosis index, cell cycle, and CyclinD1 expression in SGC-7901 
cells. The results suggested that SC-B could suppress the multiplication and 
aberrant mitosis of human gastric cancer SGC-7901 cells by reducing CyclinD1 

mRNA expression, causing cell-cycle arrest by inhibiting the G1 checkpoint.

Applications 
SC-B could be applied in the treatment of gastric cancer, and might provide a 
potential therapeutic anticancer drug. 

Terminology
Schisandrin B: Schisandrin B is a dibenzocyclooctadiene derivative isolated from 
the fruit of Schisandra chinensis and Schisandra chinensis, a woody vine which 
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bears numerous clusters of tiny, bright red berries; Cell cycle: The cell cycle or 
cell-division cycle refers to the series of events that take place in a eukaryotic cell 
from its formation and the moment it replicates itself; Cyclins: Cyclins are a family 
of proteins involved in the progression of cells through the cell cycle. The main 
players in animal cells are: G1 cyclin (cyclin D), S-phase cyclin (cyclins E and A), 
and mitotic cyclins (cyclins B and A). 

Peer review
This is a good descriptive report on the potential chemotherapeutic effects of 
schisandrin B in gastric cancer, in vitro.
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Abstract
AIM: To investigate the anti-neoplastic effects of MK615, 
an extract from the Japanese apricot (Prunus mume), 
against colon cancer cells.

METHODS: Three colon cancer cell lines, SW480, COLO, 
and WiDr, were cultured with MK615. Growth inhibition 
was evaluated by cell proliferation assay and killing 
activity was determined by lactate dehydrogenase assay. 
Induction of apoptosis was evaluated by annexin Ⅴ 
fl ow cytometry. Morphological changes were studied by 
light and electron microscopy, and immunofl uorescence 
staining with Atg8.

RESULTS: MK615 inhibited growth and lysed SW480, 
COLO and WiDr cells in a dose-dependent manner. 
Annexin Ⅴ fl ow cytometry showed that MK615 induced 
apoptosis after 6 h incubation, at which point the 
occurrence of apoptotic cells was 68.0%, 65.7% and 
64.7% for SW480, COLO, and WiDr cells, respectively. 
Light and electron microscopy, and immunofl uorescence 
staining with Atg8 revealed that MK615 induced massive 
cytoplasmic vacuoles (autophagosomes) in all three cell 
lines.

CONCLUSION: MK615 has an anti-neoplastic effect 
against colon cancer cells. The effect may be exerted by 
induction of apoptosis and autophagy.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Japanese apricot, Prunus mume Sieb. et Zucc. (known as ume 
in Japanese), has for centuries been a traditional Japanese 
medicine, and is a familiar and commonly consumed 
food. Prunus mume is a species of  Asian plum of  the 
family Rosaceae. It is often called a plum, but it is more 
closely related to the apricot (ume in Japanese). MK615, 
an extract of  compounds from Japanese apricot, has been 
shown to possess an anti-proliferative effect against some 
cancer cell lines[1,2]. Although MK615 induces apoptosis 
of  breast cancer cells and some other human cancer 
cells, morphological studies have revealed the appearance 
of  abundant cytoplasmic vacuoles early after MK615 
exposure, which are not relevant to apoptosis[2]. The 
precise role of  these vacuoles has not been elucidated.

Even though effective chemotherapeutic agents 
and regimens have been developed, colorectal cancer 
is still associated with high rates of  morbidity and 
mortality worldwide[3,4]. Furthermore, the side effects 
of  chemotherapeutic agents often hamper the quality 
of  life of  patients with colorectal cancer. There is a 
need, therefore, to develop new, effective and less toxic 
chemotherapeutic agents against colorectal cancer. 

In the present study, we investigated the antineoplastic 
effects of  MK615 against colon cancer cell lines in vitro. 
We found that MK615 strongly induced autophagy in 
colon cancer cells and exerted antineoplastic effects.

MATERIALS AND METHODS
MK615, derived from the fruit of  the Japanese apricot[1], 
was provided by the Japan Apricot Co. (Gunma, Japan). 
The preparation involved the extraction of  apricot juice 
using a press. This was then heated and concentrated. 
The concentrate was dissolved in diethylether, which 
was then completely removed from the extract by rotary 
evaporation. The dried hydrophobic extract, MK615, 
was dissolved in dimethyl sulfoxide (DMSO; Wako Pure 
Chemical Industry, Osaka, Japan) at several concentrations. 
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The MK615/DMSO solution was applied to cell cultures 
at a concentration of  10 μL/mL of  culture medium. 
DMSO alone was added as a negative control.

Cells
Three human colon cancer cell lines, SW480, COLO, and 
WiDr, were purchased from the American Type Culture 
Collection (Manassas, VA, USA). These three were 
selected because of  the differences in sex, race, and the 
productivity of  proteins, such as carcinoembryonic antigen 
(CEA). Cells were maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM) containing 10% fetal calf  serum 
(FCS) in a 5% CO2 incubator.

Cell proliferation assay
The cells were plated at 1 × 104/well in 96-well plates in 
DMEM containing 10% (v/v) FCS. The cells were then 
cultured with or without MK615 at concentrations of  150, 
300 or 600 μg/mL. For negative control wells, cells were 
cultured with 1% DMSO alone. After 48 h, 15 μL MTT 
(3-(4,5-dimethylthiazol-2-yl)-5-(3carboxymethoxyphenyl)-
2-(4-sulphophenyl)-2H-tetrazolium, inner salt) (5 g/L) 
was added to each well, and the cells were incubated for 
4 h. Then, 100 μL solubilization solution/stop mix was 
added following the manufacturer’s instructions (Promega, 
Madison, WI, USA), and the plates were left to stand for
60 min. Absorbances at 570 nm and 630 nm were measured 
with an ELISA reader. Actual counts were calculated by 
subtracting the absorbance at 570 nm from that at 630 nm. 
Each assay was performed in triplicate and the average 
absorbance was calculated. The data presented here were 
calculated using the ratio of  absorbance at each drug 
concentration to the absorbance in the absence of  drugs.

Lactate dehydrogenase (LDH) assay
LDH assay was performed using the CytoTox 96 Non-
Radioactive Cytotoxicity Assay (Promega). Briefly, cells 
were plated at 5 × 103/well in 96-well plates in DMEM 
containing 10% (v/v) FCS, then cultured with or without 
MK615 at 150, 300 or 600 μg/mL. For the negative 
control wells, cells were cultured with 1% DMSO alone. 
The medium was removed and 100 μL CytoTox-ONE 
Reagent was added. Cells were then incubated at 22℃ for 
10 min and 50 μL stop solution added. The plates were 
shaken for 10 s and the absorbances at 560 nm and 590 nm 
measured with an ELISA reader. To obtain the maximum 
LDH release, 10 μL lysis solution (10 ×) was added to the 
positive control wells 45 min prior to harvest. After 48 h, a 
50 μL supernatant was transferred to a fresh 96-well plate, 
and incubated for 30 min with 50 μL substrate mix at 
room temperature. Then, 50 μL stop solution was added, 
and the absorbance at 490 nm measured with an ELISA 
reader. Each assay was performed in triplicate and the 
average absorbance calculated. The data presented here 
were calculated using the formula: percentage cytotoxicity 
= 100 × (experimental - culture medium background) 
/(maximum LDH release - culture medium and lysis 
solution background).

Flow cytometry
Cells were cultured with MK615 at a concentration of  

300 μg/mL for 6 h, then harvested by trypsinization 
and washed twice with PBS. Annexin V binding assay 
was performed using the Annexin V-FITC Apoptosis 
Detection kit (Becton-Dickinson, NJ) according to the 
supplier’s instructions. At least 1 × 106 cells were incubated 
with FITC-conjugated annexin V at room temperature 
for 15 min. Cells were then analyzed on a FACScalibur 
fl owcytometer (Becton-Dickinson). 

Light microscopy 
Cells were cultured with MK615 at a concentration of  300 
μg/mL for 6 h, then collected by trypsinization. Collected 
cells were mounted on glass slides by the spin-down 
procedure (50 rpm, 3 min) and stained with Diff  Quick 
staining solution (International Reagents, Kobe, Japan). 
Morphological changes were assessed by light microscopy 
of  Diff  Quick specimens.   

Electron microscopy
Cells were cultured with MK615 at concentrations of  
150, 300 or 600 μg/mL for 6 h, then fixed with 2% 
paraformaldehyde/2% glutaraldehyde in 0.1 mol/L 
phosphate buffer (pH 7.4), followed by 1% osmium 
tetroxide. After dehydration, thin sections were stained 
with uranyl acetate and lead citrate for observation using 
a JEM 100 CX electron microscope (JEOL, Peabody, NY, 
USA).

Immunofl uorescence staining
Cells were cultured with MK615 at a concentration of
300 μg/mL for 6 h, then fixed in 4% paraformaldehyde 
and permeabilized with 0.1% Triton X-100. They were 
then washed three times in PBS containing 0.01% Triton 
X-100 and 10% FBS, followed by incubation with anti-
autophagy cleaved-APG8b (MAPILC3B) antibody 
(ABGENT, CA, USA), or 4’, 6-diamino-2-phenylindole 
(DAPI) nucleic acid stain (Lonza, Basel, Switzerland).

Statistical analysis
Statistical analysis for the cell proliferation assay and LDH 
assay was performed by Student’s t test, comparing the 
counts at 0 μg/mL MK615 with those at each concentration 
of  MK615. The percentage inhibition was calculated using 
the ratio of  absorbance at each concentration of  MK615 
relative to the absorbance with no drug added.

RESULTS
The anti-proliferative effects of  MK615 against colon 
cancer cells were evaluated by cell proliferation assay 
(Figure 1). The percentage inhibition rates of  SW480 at 
150, 300 and 600 μg/mL MK615 were 31.9%, 58.5% 
and 54.2%, respectively, and those of  COLO and WiDr 
were 38.9%, 70.4% and 72.4%, and 12.1%, 54.5% and 
58.3%, respectively. The inhibition induced by MK615 
at all concentrations was significantly higher than that in 
the absence of  MK615, and was dose-dependent in the 
COLO and WiDr cell lines.

We examined the ability of  MK615 to kill colon cancer 
cells using a LDH-releasing assay (Figure 2). The percentage 
specific lysis of  SW480 at 0, 150, 300 and 600 μg/mL 



MK615 was 12.5%, 11.3%, 12.8% and 49.6%, respectively. 
The respective values for COLO and WiDr were 21.4%, 
33.1%, 56.6 and 58.3%, and 9.4%, 6.4%, 17.4% and 50.7%. 
The percentage specific lysis at all concentrations was 
signifi cantly higher than that for the controls in all three cell 
lines.

The antiproliferative effect of  MK615 is partly attributed 
to the induction of  apoptosis[2]. As shown in Figure 3, 
MK615 treatment induced apoptosis in all three colon 
cancer cell lines. After incubation with 300 μg/mL MK615 
for 6 h, the frequencies of  apoptotic cells in SW480, COLO 
and WiDr cells were 68.0%, 65.7% and 64.7%, respectively. 

It has also been reported that MK615 treatment 
induces the formation of  cytoplasmic vacuoles in 
breast cancer cells[2]. Similarly, in the present study with 
colon cancer cells, abundant cytoplasmic vacuoles were 
observed in all three cell lines after 6 h incubation with 
MK615 at 300 μg/mL (Figure 4). Electron microscopy 
revealed that the cytoplasmic vacuoles were typical 
autophagosomes. Although some cells showed typical 
features of  apoptosis (Figure 5A), there were abundant 
autophagosomes showing a membrane structure within 
which cytoplasmic structures were entrapped (Figure 
5B-F). In some cells, degeneration of  mitochondria was 
observed (Figure 5).

Immunofl uorescence staining with Atg8 (LC3) showed 
positive labeling in all three cell lines after treatment 
with MK615 (Figure 6). Nuclei were stained blue with 
DAPI (Figure 6 A, C and E), and Atg8 (LC3) produced 
peripheral red staining (Figure 6 B, D and F).

DISCUSSION
In the present study, we showed that MK615 inhibited the 
growth of  three colon cancer cell lines, SW480, COLO, 
and WiDr, and induced massive autophagy. Apoptosis 
is a well known form of  programmed cell death (PCD), 
and is widely accepted as the main mechanism of  cancer 
cell death[5-8]. Currently, apoptosis is classifi ed as a typeⅠ
PCD, whereas autophagy is classifi ed as type Ⅱ PCD[9-13]. 
Autophagy differs in several ways from typeⅠPCD. 
Autophagy is a form of  caspase-independent cell death, 

displays no DNA-laddering, and is typically characterized 
by the formation of  cytoplasmic vacuoles. In recent years, 
the importance of  autophagy has been stressed in various 
biological fields, including cancer[14-16]. Autophagy is an 
evolutionarily conserved pathway that delivers and recycles 
cytoplasmic components, such as mitochondria and Golgi 
apparatus. Thus, starvation is a typical trigger that can 
induce autophagy. Some studies have indicated that cancer 
cells show less autophagy than normal cells[17,18], which 
suggests that induction of  autophagy is an attractive mode 
of  anti-cancer therapy. 

Autophagy can be induced by various agents, such 
as tamoxifen[19], γ-irradiation[20,21], and rapamycin[22,23], 
but few studies have investigated the induction of  
autophagy by natural substances. A previous study has 
found that soybean B-group triterpenoid saponins induce 
macroautophagy in human colon cancer cells[24]. 

Atg8 is a 117-amino-acid protein essential for the early 
phase of  autophagy[25]. LC3 is a mammalian homologue 
of  Atg8 and is the only established marker of  autophagy 
in mammalian cells[26]. Conditions such as nutrient 
starvation initiate the formation of  a double-membrane 
structure, which elongates to form a cytoplasmic 
vesicle, the autophagosome. Finally, autophagosomes 
fused with lysosomes generate s ingle-membrane 
autophagolysosomes, resulting in the degradation of  
their content. Atg8 (LC3) binds to the membrane of  the 
autophagosome and plays a crucial role in the process 
of  autophagy[27,28]. In the present study, MK615 induced 
the expression of  Atg8 (LC3) in all the colon cancer cell 
lines within 6 h of  incubation. Expression of  Atg8 (LC3) 
was exclusively localized in the cytoplasm. These fi ndings 
indicated that MK615 induced massive autophagy in 
colon cancer cells in vitro.

Precise elucidation of  the mechanism responsible for 
the antineoplastic effect of  MK615 will require further 
study, as it remains unclear whether autophagy suppresses 
tumorigenesis or provides cancer cells with a rescue 
mechanism under unfavorable conditions. Kondo et al 
have reported that manipulation of  autophagy may have 
different effects in different types of  cancer cells. If  cancer 
cells show defective autophagy, induction of  autophagy 
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Figure 1  Dose-dependent inhibition of colon cancer cell growth by MK615. 
Growth inhibition was evaluated by MTT assay. The percentage inhibition (Y axis) 
was calculated using the ratio of absorbance at each drug concentration relative to 
absorbance in absence of the drugs. aP < 0.05.
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Figure 2  Dose-dependent lysis of colon cancer cells by MK615. Cells were 
challenged with 150, 300 or 600 μg/mL MK615. All three colon cancer cell lines 
were lysed effectively in a dose-dependent manner. aP < 0.05. 

www.wjgnet.com

6514      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     December 28, 2007    Volume 13     Number 48



100               101              102             103            10410
0   

  
  
  
  
 1

01   
  
  
  
  
  
  
10

2   
  
  
  
  
 1

03   
  
  
  
  
 1

04 06.8/18.007A

100               101              102             103            10410
0   

  
  
  
  
 1

01   
  
  
  
  
  
  
10

2   
  
  
  
  
 1

03   
  
  
  
  
 1

04

Annexin-V FITC

B

PI
 P

E
PI

 P
E

PI
 P

E

10
0   

  
  

  
  

 1
01   

  
  

  
  

  
  

10
2   

  
  
  
  
 1

03   
  
  
  
  
 1

04

06.8/18.008

100               101              102             103            104

Annexin-V FITC

06.8/18.009

Annexin-V FITC

C D 06.8/18.010

10
0   

  
  

  
  

 1
01   

  
  

  
  

  
  

10
2   

  
  
  
  
 1

03   
  
  
  
  
 1

04

100               101              102             103            104

PI
 P

E

Annexin-V FITC

06.8/18.011 06.8/18.012

100               101              102             103            10410
0   

  
  

  
  

 1
01   

  
  

  
  

  
  

10
2   

  
  

  
  

 1
03   

  
  

  
  

 1
04

PI
 P

E

Annexin-V FITC

E F

100               101              102             103            10410
0   

  
  

  
  

 1
01   

  
  

  
  

  
  

10
2   

  
  

  
  

 1
03   

  
  

  
  

 1
04

Annexin-V FITC

PI
 P

E

63.8%

65.7%

64.7%

Figure 3  MK615-induced apoptosis in colon cancer cell lines. SW480, COLO and WiDr cells were cultured without (A, C and E) and with (B, D and F) MK615 at 300 mL, 
and harvested after 6 h incubation.

A B C

Figure 4  Massive induction of cytoplasmic vacuoles by MK615. MK615 (300 μg/mL) induced cytoplasmic vacuoles in SW480 (A), COLO (B) and WiDr (C) after 6 h incubation.
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may lead to the inhibition of  cancer growth, whereas if  
cancer cells show protective autophagy in response to 
chemotherapy, this may decrease their sensitivity to anti-
cancer treatment[29]. 

Importantly, Boya et al have reported that when cells are 
inhibited at the fi nal step of  autophagy, which is the fusion 
of  autophagosome and lysosome, cells die during typeⅠ
PCD (apoptosis); on the other hand, when cells complete 
the whole process of  autophagy, they survive. Thus, the 
inhibition of  autophagy causes cells to undergo apoptosis, 
which suggests that there is cross-talk between typeⅠand 
type Ⅱ PCD[30]. Indeed, the results of  annexin-Ⅴ flow 
cytometry indicated that MK615 induced apoptosis after 

6 h of  incubation.
In conclusion, we demonstrated that an extract of  

compounds from Japanese apricot (ume), MK615, exhibits 
anti-proliferative effects against colon cancer cells in vitro, 
and induced massive autophagy in these cells. Although 
further study is needed, the natural compounds in MK615 
appear to exert antineoplastic effects through induction of  
autophagy-related PCD in colon cancer cells.
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Figure 5  Electron micrographs of autophagy induced by MK615. A: MK615 induced typical features of apoptosis in SW480 cells; B-F: Autophagy induced by MK615. 
Cytoplasmic vacuoles (autophagosomes) induced by MK615 in SW480 B and C, COLO D and E and WiDr (F) cells. Degenerated mitochondria are evident (arrows in E and F).
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Figure 6  Immunofl uorescence staining with Atg8 (LC3). SW480 (A), COLO (B) and WiDr (C) cells were cultured with MK615 at 300 μg/mL for 6 h. Nuclei were stained with 
DAPI (A, C and E), and Atg8 (LC3) was localized in the cytoplasm (B, D and F; note the central blank area in the cells).
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 COMMENTS
Background
Japanese apricot, Prunus mume Sieb. et Zucc (ume in Japanese), has for 
centuries been a traditional Japanese medicine, and is a familiar and commonly 
consumed food. Some components of Japanese apricot have been shown to 
inhibit cancer cell growth.

Research frontiers
MK615 is an extract of compounds from Japanese apricot, and has been shown to 
possess an anti-proliferative effect against some cancer cell lines. Autophagy is a 
form of PCD and has been shown to regulate cancer-cell growth. However, there 
are not many substances that can stably induce autophagy in cancer cells.

Innovations and breakthroughs
In this report, we clearly described that MK615 inhibited the growth of colon cancer 
cells by aggressively inducing autophagy.

Applications 
The side effects of chemotherapeutic agents often reduce the quality of life of 
patients with colorectal cancer. MK615 appears to be an effective and less toxic 
chemotherapeutic agent against colorectal cancer.

Terminology
Autophagy is classifi ed as type Ⅱ PCD, and differs from typeⅠPCD (apoptosis). 
Autophagy is a form of caspase-independent cell death, displays no DNA-
laddering, and is typically characterized by formation of cytoplasmic vacuoles. In 
recent years, the importance of autophagy has been stressed in various biological 
fi elds, including cancer.

Peer review
In this in vitro study, the authors investigated the antineoplastic effects of MK615, an 
extract from Japanese apricot (ume in Japanese), against colon cancer cells. They 
concluded that MK615 had an antineoplastic effect against colon cancer cells, and 
the effect may have been exerted by induction of apoptosis and autophagy.
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Abstract
AIM: To assess the prevalence of extrahepat ic 
manifestations in Bulgarian patients with chronic 
hepatitis C virus (HCV) infection and identify the 
clinical and biological manifestations associated with 
cryoglobulinemia.

METHODS: The medical records of 136 chronically 
infected HCV patients were reviewed to assess the 
prevalence of extrahepatic manifestations. Association 
between cryoglobulin-positivity and other manifestations 
were identified using χ2 and Fisher’s exact test. Risk 
factors for the presence of extrahepatic manifestations 
were assessed by logistic regression analysis. 

RESULTS: Seventy six percent (104/136) of the 
patients had at least one extrahepatic manifestation. 
Clinical manifestations included fatigue (59.6%), 
kidney impairment (25.0%), type 2 diabetes (22.8%), 
paresthesia (19.9%), arthralgia (18.4%), palpable 
purpura (17.6%), lymphadenopathy (16.2%), pulmonary 
fi brosis (15.4%), thyroid dysfunction (14.7%), Raynaud’s
phenomenon (11.8%), B-cel l lymphoma (8.8%), 
sicca syndrome (6.6%), and lichen planus (5.9%). 
The biological manifestations included cryoglobulin 

production (37.5%), thrombocytopenia (31.6%), and 
autoantibodies: anti-nuclear (18.4%), anti-smooth 
muscle (16.9%), anti-neutrophil cytoplasm (13.2%) and 
anti-cardiolipin (8.8%). All extrahepatic manifestations 
showed an association with cryoglobulin-positivity, with 
the exception of thyroid dysfunction, sicca syndrome, 
and lichen planus. Risks factors for the presence of 
extrahepatic manifestations (univariate analysis) were: 
age ≥ 60 years, female gender, virus transmission 
by blood transfusions, longstanding infection (≥ 20 
years), and extensive liver fi brosis. The most signifi cant 
risks factors (multivariate analysis) were longstanding 
infection and extensive liver fi brosis.

CONCLUSION: We observed a high prevalence of 
extrahepatic manifestations in patients with chronic HCV 
infection. Most of these manifestations were associated 
with impaired lymphoproliferation and cryoglobulin 
production. Longstanding infection and extensive liver 
fi brosis were signifi cant risk factors for the presence of 
extrahepatic manifestations in HCV patients.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) is associated with a wide 
spectr um of  c l in ica l and biologica l extrahepat ic 
manifestations[1-3]. In chronically infected patients, the virus 
can trigger an impairment in lymphoproliferation with 
cryoglobulin production[3]. Mixed cryoglobulinemia with its 
complications (skin, neurological, renal, and rheumatologic) 
is the most signifi cant extrahepatic manifestation of  HCV 
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infection[4,5]. Mixed cryoglobulinemia can evolve into B-cell 
lymphoma in up to 10% of  the patien[6,7].

Various non-organ specific auto-antibodies, present 
in low titers, are noted during the course of  chronic 
HCV infection[8,9], but they do not influence the clinical 
profi le of  the disease[10]. Chronic HCV infection has been 
linked to two skin disorders, porphyria cutanea tarda and 
lichen planus, particularly with the involvement of  the 
oral cavity[11,12]. Other possible HCV-associated diseases 
are type 2 diabetes mellitus[13], thrombocytopenia[14] and 
pulmonary fibrosis[15]. The sicca syndrome, although 
different from the typical Sjogren’s syndrome, also appears 
to be associated with hepatitis C virus infection[16,17].

It is unclear whether HCV plays a pathogenic role in 
the development of  thyroid dysfunction[18]. It is possible, 
that this extrahepatic manifestation of  HCV is related to 
treatment with interferon rather than the virus[19]. 

The most common risk factors associated with 
extrahepatic manifestations of  HCV infection are older 
age, female sex, and extensive liver fibrosis[8].  Several 
reports from different parts of  the world suggest that 
hepatitis C virus affects not only the liver, but other tissues, 
organs and systems as well. Lymphoproliferative disorders, 
triggered by the virus, are the most signifi cant extrahepatic 
manifestations in South-Eastern Europe, where Bulgaria is 
located. 

The aim of  the present study was to determine the 
prevalence of  various extrahepatic manifestations of  
chronic HCV infection in our country, to analyze which 
extrahepatic manifestations are associated with impaired 
lymphoproliferation and cryoglobulin production, and to 
identify which patients are at greater risk of  developing 
extrahepatic manifestations. 

In our clinical practice, several patients present with 
extrahepatic manifestations even in the absence of  a clearly 
defi ned clinical picture of  hepatic illness. It is important to 
recognize these manifestations in order to make an early 
diagnosis and to initiate therapy in a timely manner.

MATERIALS AND METHODS
Patients
We included 136 Bulgarian patients who were referred to 
the Department of  Internal Diseases and Gastroenterology 
of  the University Hospital Alexandrovska during the 
period from 1996 to 2004. The main reason for patient 
referral was elevated liver enzymes. The diagnosis of  
HCV infection was made by the presence of  anti-HCV 
antibodies (third generation ELISA) and a positive test 
for HCV-RNA (Cobas Amplicor HCV Monitor Test, v. 
2.0, Roche Diagnostics). HCV genotypes were identifi ed 
by direct sequence analysis (Immunogenetics, Belgium) in 
60 patients[20]. HBsAg and HIV positive patients were not 
included in the study. Liver biopsy was performed in all 
patients. The data was collected before the patients were 
started on any specifi c treatment.

Methods
Patient records were reviewed to assess the presence of  
the following clinical manifestations: fatigue, arthralgia, 

Raynaud’s phenomenon, palpable purpura, paresthesia, 
renal impairment (proteinuria, creatinine above the upper 
normal limit, and hypertension), sicca syndrome (mouth 
and eyes), thyroid dysfunction (TSH level below or above 
the normal range of  0.31-5.00 mU/L), lichen planus (skin 
and oral lesions), type 2 diabetes mellitus (hyperglycemia, 
treated by hypoglycemic drugs), pulmonary fibrosis (X- 
ray examination), lymphadenopathy, and lymphoma. 
The enlargement of  peripheral lymph nodes was 
detected by palpation. The enlargement of  mediastinal 
lymph nodes was detected by X-ray examination, 
and abdominal lymphadenopathy was detected by 
abdominal ultrasonography. Chest X-ray and abdominal 
ultrasonography were obligatory exams carried out 
routinely in all patients admitted to the hospital. Lymph 
node enlargement was confirmed by computerized 
tomography. The diagnosis of  lymphoma was based 
on morphologic evaluation of  lymph node tissue in the 
patients with co-existing peripheral lymphadenopathy, 
and by bone marrow biopsy. Histological analysis of  
the enlarged mediastinal and/or abdominal lymph 
nodes was not performed because patients refused to 
provide informed consent for invasive diagnostic surgical 
procedures.

Biological data obtained from for each patient 
included the presence or absence of  cryoglobulins, 
thrombocytopenia, and auto-antibodies: anti-nuclear 
(ANA), anti-smooth muscle (ASMA), anti-neutrophil 
cytoplasm (ANCA), and anti-cardiolipin (ACL). The 
platelet count was obtained from the patients’ files. 
Thrombocytopenia was defined as platelet count ≤ 
110.109/L. Cryoglobulins were detected by the Winfield 
method[21]. Twenty milliliters of  venous blood was obtained 
from each patient in a pre-warmed (37℃) syringe, 
allowed to clot at 37℃ and the serum was separated by 
centrifugation. The supernatant was incubated at 4℃ 
for 8 d and examined daily for cryoprecipitate. Indirect 
immunofl uorescence was used for the detection of  ANA, 
ASMA, and ANCA (IFA/ Binding Site). A positive test for 
ANA and ASMA was defi ned as a titer ≥ 1/40, and for 
ANCA ≥ 1/20. Anticardiolipin antibodies (ACL-IgG and 
ACL-IgM) were detected by ELISA (Orgentec).

The following demographic and epidemiologic data 
was collected: age (less or ≥ 60 years), sex, the suspected 
duration of  the infection (less or ≥ 20 years), an alcohol 
intake (less or ≥ 50 g/d), and the mode of  infection. 
Questions regarding the most relevant identifiable HCV 
risks factors were asked, including transfusion of  blood 
and blood products, intravenous drug use, surgical 
procedures, dental manipulation associated with bleeding, 
and needle stick injury in health workers. In patients 
with a past history of  transfusions of  blood and blood 
products, it was assumed that HCV infection was caused 
by contaminated blood and blood products. 

The histological abnor mal i t ies in l iver biopsy 
specimens, obtained blindly (Hepafix 1.4 mm, B. Braun, 
Germany), were scored according to the METAVIR 
system[22]. Each liver biopsy sample was assessed for the 
stage of  fi brosis and grade of  histological activity. Liver 
fibrosis was staged on a scale of  0 - 4, where 0 = no 
fi brosis, 1 - portal fi brosis without septa, 2 = few septa, 



3 = numerous septa without cirrhosis, and 4 = cirrhosis. 
Necroinflammatory activity was graded on a scale of  
A0-A3, where A0 = no histological activity, A1 = mild 
activity, A2 = moderate activity, and A3 = severe activity. 

Statistical analysis
Quantitative data was expressed as mean ± SD. Univariate 
analysis used the χ2- square or Fisher’s exact test for 
comparison of  qualitative values. An assessment of  
the characteristics of  HCV infection (demographic, 
epidemiologic, histologic), associated with the presence 
of  extrahepatic manifestations, was performed using 
univariate and multivariate logistic regression analysis. 
Statistical signifi cance was assessed at P < 0.05. Adjusted 
odds ratio (OR) and 95% confi dence intervals (CI) were 
derived from the coefficient of  the final multivariate 
logistic model. The analysis was performed with SPSS v.12.0 
statistical software.

RESULTS
A total of  136 patients with chronic HCV infection were 
included in the study, comprising of  sixty-two (45.6%) males 
and seventy-four (54.4%) females. The mean age of  the 
patients was 50.16 ± 16.08 years (range 20-80 years). Forty-
six patients (33.8%) were ≥ 60 years of  age. Thirty-four 
patients (25.0%) had a history of  alcohol intake (≥ 50 g/d).
The suspected duration of  infection was ≥ 20 years in 
70 patients (51.5%) and < 20 years in 66 patients (48.5%). 
Genotyping was performed in sixty patients, fi fty-two (87%) 
had genotype 1, 4 (6.5%) genotype 3, and 4 (6.5%) had 
mixed genotypes. Metavir scores for infl ammatory activity 
were: A0 in 5 patients (3.7%), A1 48 (35.3%), A2 46 (33.8%), 
and A3 37 patients (27.2%). Metavir scores for fi brosis were: 

F0 in 12 patients (8.8%), F1 16 (11.8%), F2 25 (18.4%), F3 
27 (19.9%), and F4 in 56 patients (41.1%). Twenty patients 
(14.7%) were intravenous drug users. Thirty-seven patients 
(27.2%) were possibly infected during surgical procedures. 
History of  dental manipulation with bleeding was detected 
in 18 patients (13.2%). Needle stick injury was found in 11 
health workers (8.1%). Fifty of  the 136 patients (36.8%) had 
previously been transfused with blood or blood products. 
Thirty-eight of  these 50 patients were women, who received 
blood transfusions during childbirth, and in 33 of  these 
patients the duration of  infection was ≥ 20 years. Nineteen 
of  these 38 women were ≥ 60 years of  age at the time of  
presentation. Twenty of  these patients had Metavir stage F4, 
and 10 (10/38) were Metavir F3. 

The overall prevalence of  individual extrahepatic 
manifestat ions is shown in Table 1 . At least one 
extrahepatic manifestation was identified in 104 patients 
(76.5%). The clinical manifestations, in descending 
order of  prevalence were: fatigue (59.6%), kidney 
impairment (25.0%), type 2 diabetes mellitus (22.8%), 
paresthesia (19.9%), arthralgia (18.4%), palpable purpura 
predominantly of  the lower extremit ies (17.6%), 
lymphadenopathy (16.2%), pulmonary fibrosis (15.4%), 
thyroid dysfunction (14.7%), Raynaud’s phenomenon 
(11.8%), B-cell non-Hodgkin’s lymphoma (8.8%), 
sicca-syndrome (6.6%), and lichen planus (5.9%). All 
patients with sicca-syndrome had xerostomia, but none 
had xerophtalmia. Three patients had skin lesions of  
lichen planus and five had oral lesions. The biological 
manifestations, in descending order of  prevalence were: 
cryoglobulin (37.5%), thrombocytopenia (31.6%), ANA 
(18.4%), ASMA (16.9%), ANCA (13.2%), anti-cardiolipin 
antibodies (8.8%). The ANA, ASMA and ANCA were 
present in low titers (≤ 1/160). None of  the patients 
in the study had clearly defined clinical features of  
autoimmune liver disease.

The relationship between the presence of  cryoglobulins 
and other extrahepatic manifestations is shown in Table 2.
Cryoglobulin-positivity was related to the following 
clinical manifestations: fatigue, purpura, Raynaud’s
phenomenon, kidney impairment, type 2 diabetes 
mellitus, arthralgia, paresthesia, pulmonary fibrosis, 
lymphadenopathy, and B-cell lymphoma. Cryoglobulin-
positivity was also associated with the following biological 
manifestations: thrombocytopenia, and positive ANA, 
ASMA, ANCA, and anti-cardiolipin autoantibodies. Three 
female patients (≥ 60 years at the time of  the study) with 
advanced liver fi brosis and history of  blood transfusions 
during childbirth, first became cryoglobulin positive and 
subsequently developed lymphadenooathy over two, three, 
and five years respectively. Histological analysis of  the 
removed lymph nodes showed low-grade non Hodgkin 
B-cell lymphoma. The present study did not show any 
association between the presence of  cryoglobulins and 
thyroid dysfunction, sicca syndrome, and lichen planus 
(Table 2).

The demographic, epidemiological and liver histological 
features associated with the extrahepatic manifestations were 
analyzed by univariate and multivariate logistic regression 
analysis. The results are shown in Table 3. Using univariate 
logistic regression analysis there was a positive correlation 

Table 1  Prevalence of clinical and biological extrahepatic 
manifestations in 136 patients with chronic HCV infection

Clinical manifestations    n (%)

   Fatigue   81 (59.6)
   Renal involvement   34 (25.0)
   Type 2 diabetes mellitus   31 (22.8)
   Paresthesia   27 (19.9)
   Arthralgia   25 (18.4)
   Purpura   24 (17.6)
   Pulmonary fi brosis   21 (15.4)
   Thyroid dysfunction   20 (14.7)
   Raynaud's phenomenon   16 (11.8)
   B-cell lymphoma   12 (8.8)
   Sicca-syndrome (xerostomia)     9 (6.6)
   Lichen planus     8 (5.9)
Biological manifestations   
   Cryoglobulinemia   51 (37.5)
   Thrombocytopenia     4 (31.6)
   ANA   25 (18.4)
   АSMА   23 (16.9)
   АNCA   18 (13.2)
   Аnticardiolipin antibodies   12 (8.8)
Overall
   At least 1 extrahepatic manifestation 104 (76.5)

ANA: Anti-nuclear antibodies; АSMА: Anti-smooth muscle antibodies; 
АNCA: Anti-neutrophil cytoplasm antibodies.
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between the presence of  extrahepatic manifestations 
and female sex, older age (≥ 60 years), duration of  
the infection (≥ 20 years), transfusion of  blood and 
blood products, and extensive liver fibrosis (Metavir F4). 
Univariate analysis did not show any correlation between 
extrahepatic manifestations and the mode of  transmission: 
intravenous drug use (8.7% vs 34.4% for the patients 
without extrahepatic manifestations), surgical procedures 
(27.9% vs 25.5%), dental manipulation with bleeding (12.5% 
vs 15.6%), and needle stick injury in health workers (7.7% vs 
9.4%). Univariate logistic regression analysis did not show 
an association between extrahepatic manifestations and 
high grade of  inflammatory activity in the liver (Metavir 
A3) and alcohol intake of  ≥ 50 g/d (Table 3). Multivariate 
logistic regression analysis showed that the most signifi cant 
association was between extrahepatic manifestations and 
long duration of  infection and advanced liver fibrosis
(Table 3). 

DISCUSSION
The present study on 136 patients with chronic HCV 
infection, showed a high prevalence of  extrahepatic clinical 

and biological manifestations. At least one manifestation 
was present in 76.5% of  the patients. These results are 
similar to those reported in a large prospective French 
study, in which 74% of  1614 patients with chronic HCV 
infection had at least one extrahepatic clinical symptom[23]. 
By univariate analysis (Table 3) five risks factors were 
found to be related with clinical and biological extrahepatic 
manifestations in our patients: female sex, age ≥ 60 years, 
transfusion of  blood and blood products, duration of  
the infection ≥ 20 years, and extensive liver fi brosis. By 
multivariate analysis (Table 3) the most significant risks 
factors were the longstanding infection and extensive liver 
fi brosis.

Fatigue was the most frequent non-specific clinical 
symptom in chronic HCV infection[2]. About 60% patients 
in this study considered fatigue as the initial or worst 
symptom of  their disease (Table 1). In a prospective study 
of  1614 individuals with chronic HCV infection, fatigue 
was present in 53% of  patients[24]. It is not known what 
causes fatigue in chronic HCV infection. The elevated 
fatigue score[25] is probably related to an increase in 
serum leptin levels which may interact with serotonin 
neurotransmission[26]. Fatigue can be considered a part of  

Table 2  Relationship between cryoglobulin-positivity and the presence (%) of extrahepatic manifestations in patients with chronic HCV 
infection

Extrahepatic 
manifestations

Cryoglobulin-positive 
patients (n  = 51)

Cryoglobulin-negative 
patients (n  = 85)

P Odds ratio 
(95% confi dence interval)

Fatigue 92.2 40.0 0.000 17.6 (5.8-53.4)
Purpura 41.2   3.5 0.000 19.1 (5.3-68.8)
Raynaud' phenomenon 25.5   3.5 0.000   9.3 (2.5-34.7)
Arthralgia 33.3   9.4 0.001   4.8 (1.8-12.2)
Paresthesia 41.2   7.1 0.000   9.2 (3.3-25.0)
Renal involvement 45.1 12.4 0.000   5.5 (2.3-12.7)
Type 2 diabetes 35.3 15.3 0.011 3.0 (1.3-6.8)
Lymphadenomegaly 35.3   4.7 0.000 11.0 (3.4-35.1)
Lymphoma 17.6   3.5 0.015   5.8 (1.5-22.7)
Pulmonary fi brosis 25.5   9.4 0.015 3.2 (1.2-8.6)
Thyroid dysfunction 15.7 14.1
Xerostomia 11.8   3.5
Lichen planus   7.8   4.7
Thrombocytopenia 58.8 15.3 0.000   7.9 (3.5-17.8)
ANA 29.4 11.8 0.013   3.1 (1.2-76.0)
ASMA 33.3   7.1 0.000   6.5 (2.3-18.1)
ANCA 25.5   5.9 0.002   5.4 (1.9-16.4)
ACL-antibodies 17.6   3.5 0.010   5.8 (1.5-22.7)

ANA: Anti-nuclear antibodies; АSMА: Anti-smooth muscle antibodies; АNCA: Anti-neutrophil cytoplasm antibodies; ACL: Anti-cardiolipin. 

Table 3  Univariate and multivariate logistic regression analysis of factors associated with the presence of extrahepatic manifestations in 
patients with chronic HCV infection

Factors Patients with the factor (%) in 
the presence of extrahepatic 
manifestations (n  = 104)

Patients with the factor (%) in 
the absence of extrahepatic 
manifestations (n  = 32)

Uni-variate 
analysis

Multi-variate
 analysis

Odds ratio 
(95% confi dence interval)

Female sex 59.6 37.5 0.042
Age ≥ 60 yr 43.3   3.1 0.000
Duration of infection ≥ 20 yr 66.3   3.1 0.000 0.001 36.3 (4.6-284.9)
Transfusion of blood and
blood products

43.3 15.6 0.006

Metavir A3 30.8 15.6
Metavir F4 52.9   3.1 0.000 0.011 15.4 (1.8-125.9)
Alcohol ≥ 50 g/d 24.0 28.1
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the clinical picture of  HCV-associated cryoglobulinemia, 
s ince this symptom was seen more frequent ly in 
cryoglobulin-positive than in cryoglobulin-negative patients 
(92.2% vs 40.0%, OR 17.6, 95% CI 5.8-53.4). 

Hepatitis C virus escapes immune elimination in 
chronically infected patients[5]. In such patients, CD81-
mediated activation of  B cells triggers mono-oligoclonal 
B-lymphocyte expansion and the appearance of  various 
HCV-related autoimmune disorders, including the 
syndrome of  mixed cryoglobulinemia[6,27]. A recent 
meta-analysis showed that 44% patients with chronic 
HCV infection had circulating immune complexes with 
cryoprecipitating properties[28]. In the present study, 
cryoglobulins were isolated in 51 of  the 136 (37.5%) 
patients, but we were not able to define the type of  
cryoglobulin in al l the cases. However, there was 
considerable evidence to suggest that HCV was associated 
with type Ⅱ mixed cryoglobulinemia, with clinical features 
of  vasculitis which mainly affects the small sized blood 
vessels of  the skin, joints, nerves, and kidneys[5,29]. Skin is 
the most frequently involved target organ[30]. In previous 
studies, palpable purpura was observed in 10% to 21% 
patients with clinically manifested cryoglobulinemic 
syndrome[11], and in 7% of  all HCV infected patients[8]. 
We observed palpable purpura, predominantly over the 
lower extremities, in 24 of  the 136 patients (17.6%), with 
much higher prevalence in cryoglobulin-positive than 
in cryoglobulin-negative patients (41.2% vs 3.5%, OR 
19.1, 95% CI 5.3-68.8). Symptoms related to Raynaud’
s phenomenon were observed in 16 of  the 136 patients 
(11.8 %), with higher prevalence in cryoglobulin-positive 
than in cryoglobulin-negative patients (25.5% vs 3.5%, OR 
9.3, 95% CI 2.5-34.7). Pruritus, Raynaud’s phenomenon, 
and palpable purpura of  the lower extremities are the 
main skin manifestations of  chronic HCV infection, 
which is consistent with the findings of  previous 
studies[11,31,32]. However, considering the high frequency of  
cryoglobulins in HCV patients, severe symptomatic mixed 
cryoglobulinemia with the clinical presentation of  diffuse 
vasculitis was rare, seen in only 1% of  cryoglobulin-
positive patients[23]. Polyarteritis nodosa-type of  clinical 
presentation was not observed in the present study. 

Previous studies have shown that ar thralgia is 
present in 44.7% patients with HCV-associated mixed 
cryoglobulinemia[33] and in 19% of  all HCV infected 
patients[8]. The clinical picture may mimic rheumatoid 
arthritis, especially since rheumatoid factor was present 
in 71% of  cases[34], but there was no joint destruction, 
and antibodies to cyclic citrullinated peptides, which are 
highly specifi c for rheumatoid arthritis, were absent[35]. In 
the present study, arthralgia was present in 18.4% patients, 
with higher prevalence in cryoglobulin-positive than in 
cryoglobulin-negative patients (33.3% vs 9.9%, OR 4.8, 
95% CI 1.8-12.2). None of  the patients in the present 
study met the diagnostic criteria for rheumatoid arthritis.

Peripheral nervous system involvement is a chara-
cteristic feature of  the more severe forms of  clinically 
apparent HCV-cryoglobulinemia[3]. Peripheral neuropathy, 
manifested by paresthesia, was noted in 17% of  all 
HCV patients[23] and in 37% to 80% of  the patients 
with HCV-associated mixed cryoglobulinemia[36,37]. We 

observed paresthesia in 19.9% of  all HCV infected 
patients, with a higher prevalence in cryoglobulin-
positive than in cryoglobulin-negative patients (41.2% 
vs 7.1%, OR 9.2, 95% CI 3.3-25.0). Sensory nerves are 
mainly affected in patients with HCV-associated mixed 
cryoglobulinemia[38]. Neuropathological data shows 
axonal degeneration, differential fascicular loss of  axons, 
signs of  demyelinization, and small-vessel vasculitis with 
mononuclear cell infi ltrates in the perivascular areas[38,39].

Chronic HCV infection can trigger the immune 
complex syndrome of  cryoglobulin deposition and type-1 
membranoproliferative glomerulonephritis[40]. Diffuse 
membranoproliferative glomerulonephritis is found in 83% 
of  cryoglobulinemic renal disease[41]. Misiani et al[42] found a 
high prevalence of  HCV antibodies (66%) and HCV RNA 
(81%) in the serum of  patients with cryoglobulinemic 
glomerulonephritis. Only 2% of  the controls (patients 
with noncryoglobulinemic glomerulopathies) had HCV 
antibodies[42]. In Japan, the virus was found in 60% 
patients with membranoproliferative glomerulonephritis[43]. 
Clinically obvious renal disease was present in 20% to 30% 
of  cryoglobulin-positive patients with HCV infection[7,23,44]. 
In 55% of  these patients, the findings include mild 
proteinuria, mild microscopic hematuria and mild renal 
insuffiency[45,46]. Arterial hypertension is present in 80% 
patients[45,47]. In the present study, 34 of  the 136 HCV 
patents (25%) had mild proteinuria, hypertension and 
serum creatinine levels above the upper limit of  normal. 
These symptoms are related to HCV-cryoglobulinemia, 
since their prevalence was higher in cryoglobulin-positive 
than in cryoglobulin-negative patients (45.1% vs 12.4%, 
OR 5.5, 95% CI 2.3-12.7). Renal abnormalities during the 
course of  HCV infection are usually diagnosed in most 
patients between the fi fth and sixth decades of  life, and 
occur slightly more frequently in women than men[45,48]. 
Risk factors for the development of  severe renal failure at 
follow-up of  these patients include age, serum creatinine 
level, and proteinuria at the onset of  renal disease[41]. 
Cryoglobulin-related nephropathy has been reported to 
progress to chronic renal failure requiring dialysis in 10% 
patients[44], but the overall survival at 10 years was 80%[41]. 

Case-control studies show an increase in the prevalence 
of  type 2 diabetes mellitus (14.5% to 24%) in patients 
with chronic HCV infection[13,49,50]. These findings 
have been confirmed in a representative sample of  the 
general population in the USA[51]. Reports from diverse 
geographic regions have shown a 2- to 10- fold increase 
in the prevalence of  diabetes in patients with HCV 
infection compared to liver disease controls[51-53]. The 
highest prevalence (up to 50%) was noted in patients 
with HCV-associated liver cirrhosis[54-56]. Our fi ndings are 
consistent with these studies. We found type 2 diabetes 
in 31 of  the 136 HCV patients (22.8%), which is higher 
than the prevalence (8.0%) in the general population of  
our country. Antonelli et al[57] found a higher prevalence 
(14.4%) of  type 2 diabetes in HCV patients with mixed 
cryoglobulinemia compared to HCV-negative age-matched 
controls (6.9%) and the general population in northern 
Italy (2.5%-3.3%). We also found a higher prevalence 
of  type 2 diabetes in cryoglobulin-positive than in 
cryoglobulin-negative patients (35.3% vs 15.3%, OR 3.0, 
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95% CI 1.3-6.8). Given the biology of  HCV, which is both 
hepatotropic and lymphotropic, an immune-mediated 
mechanism may explain the raised prevalence of  type 2 
diabetes in HCV-patients with mixed cryoglobulinemia[57]. 
Recent studies suggest that insulin resistance mediated by 
proinfl ammatory cytokines, rather than a defi cit in insulin 
secretion, is the primary pathogenic mechanism involved 
in the development of  type 2 diabetes in HCV infection[58].

Soresi et al[59] detected abdominal lymphadenopathy 
in 22% patients with HCV infection and persistently 
normal transaminases, and in 38% of  those with high 
alanine aminotransferase values. Multiple logist ic 
regression analysis showed a significant relationship 
between abdominal lymphadenopathy and histological 
abnormalities of  the liver, presence of  HCV RNA in the 
serum and gamma-globulin levels[59]. Lymphadenopathy 
in chronic HCV infection indicates a possible interaction 
between viral antigens and the immune system[60]. 
This interaction may be complicated by autoimmunity, 
cryoglobulinemia and B cell malignancy[60]. In the present 
study, lymphadenopathy was seen in 22 of  the 136 HCV 
patients (16.2%), with a higher prevalence in cryoglobulin-
positive than in cryoglobulin-negative patients (35.3% vs 
4.7%, OR 11.0, 95% CI 3.4-35.1). Epidemiological studies 
have confi rmed a link between HCV infection and B-cell 
non Hodgkin’s lymphoma[61-63]. In a recent meta-analysis, 
the prevalence of  HCV infection in patients with B-cell 
non Hodgkin’s lymphoma was approximately 15%, which 
is much higher than the prevalence of  HCV in the general 
population[64]. Clonal B cell proliferation was observed in 
patients with a longer duration of  HCV infection, type 
Ⅱ cryoglobulin, and vasculitis[5,65,66]. Over 90% patients 
who developed non-Hodgkin lymphoma had type Ⅱ 
cryoglobulins[64]. About 10% patients with HCV mixed 
cryoglobulinemia evolved into lymphoma[6]. In a series 
of  231 Italian patients with mixed cryoglobulinemia, 20 
developed B-cell lymphoma after a mean of  8.8 years[7]. 
The overall risk of  non-Hodgkin lymphoma in patients 
with cryoglobulinemic syndrome was 35 times higher 
than that in the general population[64]. Our findings are 
in agreement with the results reported from Italy[67]. 
In the present study, B-cell non Hodgkin’s lymphoma 
was diagnosed in 12 of  the 136 HCV patients (8.8%) 
with higher prevalence in cryoglobulin-positive than 
in cryoglobulin-negative patients (17.6% vs 3.5%, OR 
5.8, 95% CI 1.5-22.7). The exact prevalence of  HCV 
associated lymphoma in our country may be much 
higher, since patients with abdominal and/or mediastinal 
lymphadenopathy (without enlargement of  peripheral 
lymph nodes) did not provide consent for invasive 
diagnostic surgical procedures. The appearance of  
cryoglobulins, peripheral lymphadenopathy and low-grade 
B-cell lymphoma in 3 women during follow-up suggested 
that benign lymphoproliferation, triggered by the virus, 
can evolve into malignant B cell lymphoma. It is possible 
that genetic and environmental factors[68] play a role in the 
higher prevalence of  HCV-associated lymphoma in South-
East Europe, including our country, compared to Northern 
Europe[69]. Based on the available evidence it appears that 
HCV is an important risk factor for B-cell malignancy in 
areas with a high prevalence of  HCV infection[5], which in 

our country is 1.3%. 
Ueda et al[70] noted a higher prevalence of  anti-HCV 

antibodies in Japanese patients with idiopathic pulmonary 
fibrosis compared to the general population. The 
prevalence of  idiopathic pulmonary fi brosis in anti-HCV 
positive patients was 9.4%[71]. HCV patients with mixed 
cryoglobulinemia have been found to have asymptomatic 
interstitial lung fi brosis diagnosed by chest X-ray and high-
resolution computed tomography[15]. Pulmonary fibrosis 
in HCV-related cryoglobulinemia is perhaps triggered 
by local deposition of  circulating HCV-containing 
immune complexes[72]. In the present study 21 of  the 136 
HCV patients (15.4%) showed pulmonary fibrosis on 
routine X-ray examination; the frequency of  pulmonary 
fibrosis was higher in cryoglobulin-positive than in the 
cryoglobulin-negative patients (25.5% vs 9.4%, OR 3.2, 
95% CI 1.2-8.6). These fi ndings need further confi rmation 
with the use of  more sophisticated radiological techniques.

Serum autoantibodies are commonly seen in patients 
with chronic HCV infection. In a study by Lenzi et al[9] the 
overall prevalence of  non-organ specific autoantibodies 
was significantly higher in anti-HCV positive patients 
compared to healthy subjects, and HBsAg positive 
controls (25% vs 6% and 7% respectively). Several 
studies have evaluated the prevalence of  ANA and 
ASMA, with figures ranging from 4.4% to 41%[8,10,34] 
and 7% to 66% respectively[23,34,73]. In the present study, 
positive ANA and ASMA tests were seen in 18.4% and 
16.9% patients respectively. The anti-ANA and ASMA 
antibodies were found in low titers (≤ 1/160), and were 
detected predominantly in the cryoglobulin-positive 
patients (Table 2). However, none of  the patients had 
a clearly defined clinical picture of  autoimmune liver 
disease. Recent data suggests that the HCV core particles 
concentrated in the cryoprecipitate play a role in the 
interaction between the cryoglobulins, endothelial cells 
and neutrophil granulocytes[74]. The main antigens in HCV 
patients with a positive ANCA test are proteinase 3 and 
dihydrolipoamine dehydrogenase[75]. A positive ANCA 
has been found in 10% patients with HCV-associated 
mixed cryoglobulinemia[76]. In the present study, ANCA 
was present in 18 of  the 136 patients (13.2%), with higher 
prevalence in cryoglobulin-positive than cryoglobulin-
negative patients (25.5% vs 5.9%, OR 5.4, 95% CI 1.9-16.4). 
HCV patients with ANCA had a higher prevalence of  
skin involvement, anemia, abnormal liver function tests 
and elevated alpha feto-protein levels[75]. Anticardiolipin 
antibodies have been observed in 3.3% to 22% of  HCV 
patients[77-79]. These antibodies were found more frequently 
in patients with HCV-associated cryoglobulinemia[80]. 
Our findings are consistent with previously reported 
data. In the present study, 12 of  the 136 patients (8.8%) 
had anticardiolipin antibodies, with higher prevalence 
in cryoglobulin-positive than in cryoglobulin-negative 
patients (17.6% vs 3.5%, OR 5.8, 95% CI 1.5-22.7). 
According to a recent study, these antibodies do not have 
any clinical significance in HCV patients, since they are 
anti-β2-glicoproteinⅠindependent[78]. The auto-antibodies 
seen in patients with HCV infection appear to resemble 
those seen in chronic viral infections - the autoantibody 
titers are low, frequently found during the clinical course 
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of  cryoglobulinemia, but do not produce a typical 
autoimmune disease[29,80].

The prevalence of  thrombocytopenia is higher in 
patients with chronic HCV infection than in the general 
population[14]. In a series of  368 patients with chronic 
HCV infection, Nagamine et al[81] detected 151 cases (41%) 
of  thrombocytopenia. Our findings also suggest a high 
prevalence of  thrombocytopenia in patients with chronic 
HCV infection (31.6%). This can be explained by the large 
number of  patients with cirrhosis in the present study. 
Platelet sequestration and destruction in the spleen[82,83], 
along with low thrombopoetin production[83,84] play an 
important role in the pathogenesis of  thrombocytopenia. 
However, a direct viral infection of  the megakariocytes[85] 
and autoimmune mechanisms[86,87] cannot be ruled out. The 
higher prevalence of  thrombocytopenia in cryoglobulin-
positive than in cryoglobulin-negative patients (58.8% vs 
15.3%, OR 7.9, 95% CI 3.5-17.8) in the present study may 
refl ect the role of  immune dysregulation in causing both 
abnormalities.

In previous studies, thyroid specific antibodies were 
observed in 22.1% patients with chronic HCV infection, 
but the presence of  thyroid dysfunction was not different 
compared to age and gender matched controls[18]. Thyroid 
dysfunction was seen in 14.7% of  our 136 untreated 
HCV patients, and there was no association with the 
presence of  cryoglobulins. However, up to 12.6% HCV 
patients developed thyroid dysfunction during or after 
IFN therapy[88-90], with a signifi cant association with female 
gender[91]. 

Lymphocytic infi ltration of  the salivary glands has been 
described in 57% patients with chronic HCV infection 
compared to 5% in deceased controls[16]. A direct role of  
the virus is suggested by studies on mice expressing HCV 
envelope proteins E1 and E2 in the liver and salivary 
glands[92]. Sialadenitis developed in 84% HCV infected mice 
compared to 2% in control littermates and 0% in HCV 
core transgenic animals[92]. Up to 10% patients with chronic 
HCV infection may develop symptoms of  xerostomia and 
xerophthalmia[8], whereas less than 5% of  patients with 
confi rmed Sjogren syndrome are carriers of  HCV[17]. In the 
present study, xerostomia was seen in 6.6% patients, but 
none had xerophthalmia. Our results show a much higher 
prevalence of  xerostomia in cryoglobulin-positive patients, 
however there was no difference compared to those without 
cryoglobulins (Table 2). In a French study, the classic 
Sjogren syndrome (xerostomia, xerophthalmia, histological 
stages Ⅲ and Ⅳ in the Chilshom scale, and anti-SSA or anti-
SSB antibodies) was observed only in 1% of  patients with 
chronic HCV infection[32].

Clinical studies, predominantly from the Mediterranean 
area and Japan, suggest that lichen planus, mainly the oral 
form, is associated with HCV infection[93-95]. The overall 
prevalence of  anti-HCV antibodies in Spanish patients 
with lichen planus was 29.2%[12]. Nagao et al[93] found 
serum anti-HCV antibodies in 28 (62%) and serum HCV 
RNA in 27 (60%) of  45 Japanese patients with oral lichen 
planus. However, these results have not been confirmed 
by reports from other regions[32,96]. The geographical 
differences could be related to immunogenetic factors 
since the allele HLA-DR6 is expressed in a significant 

proportion of  Italian patients with oral lichen planus 
and HCV infection[95]. The frequency of  lichen planus in 
our HCV patients (5.9%) is similar to that reported by 
Pawlotsky et al[32] in France (5%). We found oral lesions of  
lichen planus in 5 patients and skin lesions in 3 patients. In 
the present study, we did not fi nd any association between 
cryoglobulinemia and the presence of  lichen planus 
(Table 2). Pilli et al[97] detected HCV-specifi c T cells with 
phenotypic and functional characteristics of  terminally 
differentiated effector cells at the site of  the oral lesions. 
These findings and the detection of  HCV RNA strands 
in the lichen tissue[98] suggests a possible role for HCV-
specific T-cell responses in the pathogenesis of  lichen 
planus associated with HCV infection[99]. 

Our study has demonstrated a high prevalence of  
extrahepatic manifestations in Bulgarian patients with 
chronic HCV infection. Most of  these manifestations are 
the consequence of  impaired lymphoproliferation and 
show an association with cryoglobulin production. Clinical 
features such as fatigue, palpable purpura, Raynaud’s 
phenomenon, arthralgia, paresthesia, kidney impairment, 
type 2 diabetes, pulmonary fibrosis, lymphadenopathy, 
B cell lymphoma, thrombocytopenia and non-organ 
specific autoantibodies can be regarded as a part of  the 
clinical spectrum of  HCV-associated cryoglobulinemia. 
On the other hand, thyroid dysfunction, sicca-syndrome 
and lichen planus are also seen in patients with chronic 
HCV infection, but were not associated with the presence 
of  cryoglobulins in the present study. Extrahepatic 
manifestations were observed more frequently in older 
women with longstanding infection, advanced liver 
fi brosis and HCV infection acquired through transfusion 
of  blood and blood products during childbirth. These 
fi ndings suggest that the dose of  the virus and the route 
of  transmission may be important factors associated 
with extrahepatic manifestations. The long duration 
of  HCV infection and extensive liver fibrosis were the 
most frequent findings associated with extrahepatic 
manifestat ions, but the pathogenesis of  such an 
association is unclear[1,23]. Progression of  liver fi brosis and 
the development of  systemic-portal venous anastomosis 
allows the passage of  antigens directly into the systemic 
circulation, thus bypassing the liver fi lter and resulting in 
chronic interaction with the immune system[23]. Some of  
the immunological defects are the consequence of  HCV 
interaction with dendritic cells and a shift from Th1 to 
Th2 cytokine profi le[100,101]. 

Patients with chronic HCV infection have a high 
prevalence of  extrahepatic manifestations. These 
manifestations are found more frequently in the patients 
with a long duration of  infection and liver cirrhosis, even 
in the absence of  a clearly defined clinical picture of  
hepatic illness. Most of  these manifestations are associated 
with impaired lymphoproliferation and cryoglobulin 
production, triggered by hepatitis C virus. The benign 
lymphoproliferation, associated with cryoglobulinemia, can 
evolve into malignant B cell lymphoma. Physicians should 
be aware of  the extrahepatic signs and symptoms of  
HCV infection. HCV should be tested in all patients with 
these manifestations. This may lead to early diagnosis and 
successful treatment of  chronic HCV infection.
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 COMMENTS
Background
Hepatitis C virus (HCV) affects not only the liver, but other tissues, organs, and 
systems as well. In our practice, several patients with chronic HCV infection 
present with extrahepatic manifestations, even in the absence of a clearly defi ned 
clinical picture of hepatic illness. Lymphoproliferative disorders, triggered by the 
virus, are frequently seen in South-Eastern Europe, where Bulgaria is located.

Research frontiers
The aim of the present study was to assess the prevalence of different 
extrahepatic manifestations in Bulgarian patients with chronic HCV infection, to 
identify extrahepatic manifestations associated with impaired lymphoproliferation 
and cryoglobulin production, and to determine which patients are at greater risk of 
developing extrahepatic manifestations of chronic HCV infection. 

Innovations and breakthroughs
We observed a high prevalence of extrahepatic manifestations (76.5%) in patients 
with chronic HCV infection. Patients with longstanding infection and cirrhosis had 
a higher risk of developing such manifestations. In the present study, most of the 
extrahepatic manifestations were associated with impaired lymphoproliferation and 
cryoglobulin production, with the exception of sicca syndrome, thyroid dysfunction 
and lichen planus. The presence of B-cell non Hodgkin’s lymphoma was observed 
in 8.8% patients, with a higher prevalence in cryoglobulin-positive compared with 
cryoglobulin-negative patients (17.6% vs 3.5%, OR 5.8, 95% CI 1.5-22.7).  

Applications 
Physicians should be aware of the extrahepatic signs and symptoms of HCV 
infection. HCV should be tested in patients who have any of these manifestations. 
This may lead to early diagnosis and successful treatment of chronic HCV 
infection. The treatment of lymphoproliferative disorders, including B-cell non 
Hodgkin’s lymphoma poses a challenge, and requires new therapeutic strategies.

Terminology
Hepatitis C virus (HCV) escapes immune elimination. HCV interacts with 
hepatocytes and B lymphocytes through a common (CD81) receptor. CD81-
mediated activation of B cells in chronically infected patients can trigger clonal 
B-lymphocyte proliferation with cryoglobulin’ production, and evolution of disease 
into B-cell non Hodgkin’s lymphoma. HCV can interact, with or without immune 
mediated mechanisms, with different tissues, organs, and systems.

Peer review
The authors assessed the prevalence of extrahepatic manifestations in Bulgarian 
patients with chronic HCV infection and identified the clinical and biological 
manifestations associated with cryoglobulinemia.
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Abstract
AIM: To investigate the effects of ZK1916784, a low 
calcemic analog of calcitriol on intestinal infl ammation.

METHODS: Acute and chronic colitis was induced by 
dextran sodium sulfate (DSS) according to standard 
procedures. Mice were treated intraperitoneally with 
ZK1916784 or placebo and colonic inf lammation 
was evaluated. Cytokine production by mesenterial 
lymph node (MLN) cells was measured by ELISA. 
Immunohistochemistry was performed to detect 
intestinal dendritic cells (DCs) within the colonic tissue, 
and the effect of the calcitriol analog on DCs was 
investigated.

RESULTS: Treatment with ZK191784 resulted in 
significant amelioration of disease with a reduced 
histological score in acute and chronic intestinal 
infl ammation. In animals with acute DSS colitis, down-
regulation of colonic inflammation was associated 
with a dramatic reduction in the secretion of the 
proinflammatory cytokine interferon (IFN)-γ and a 
signifi cant increase in intereleukin (IL)-10 by MLN cells. 
Similarly, in chronic colitis, IL-10 expression in colonic 
tissue increased 1.4-fold when mice were treated with 
ZK191784, whereas expression of the Th1-specific 
transcription factor T-beta decreased by 81.6%. Lower 
numbers of infi ltrating activated CD11c+ DCs were found 
in the colon in ZK191784-treated mice with acute DSS 

colitis, and secretion of proinflammatory cytokines by 
primary mucosal DCs was inhibited in the presence of 
the calcitriol analog.

CONCLUSION: The ca lc i t r io l analog ZK191784 
demonstrated signifi cant anti-infl ammatory properties in 
experimental colitis that were at least partially mediated 
by the immunosuppressive effects of the derivate on 
mucosal DCs.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Inf l ammator y bowel d i sease ( IBD) i s a chron ic 
immune-mediated disease of  the gastrointestinal tract 
of  still unknown etiology, most commonly involving 
infl ammation of  the terminal ileum and colon. The disease 
is characterized by deregulated immune responses, and 
in particular, CD4+ T cells that produce large amounts 
of  proinfl ammatory cytokines [such as interleukin (IL)-2, 
interferon (IFN)-γ and tumor necrosis factor (TNF-α)] 
have been shown to play a central role[1]. Besides genetic 
factors that are thought to predispose individuals to 
develop IBD[2], the environment seems to contribute to 
the disease[3,4]. There is reason to believe that vitamin 
D may be an environmental factor that affects IBD, 
as vitamin D deficiency has been linked to ulcerative 
colitis and Crohn's disease even when the disease is in 
remission[5,6]. Additionally, vitamin D defi ciency has been 
shown to accelerate the development of  IBD symptoms 
among IL-10 knockout mice that develop spontaneous 
enterocolitis[7]. Also, calcitriol treatment reduces the ability 
of  IL-10 knockout mice to produce and to respond to 
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TNF-α[8], and it has recently been shown that application 
of  a calcitriol analog reduces intestinal infl ammation in a 
2,4,6-trinitrobenzene sulfonic acid colitis model[9].

Calcitriol is the activated form of  vitamin D3 that binds 
to a nuclear receptor protein. In the CD4+CD45RBhigh 
transfer model of  colitis, in which T- and B-cell defi cient 
recipient mice develop IBD symptoms when injected with 
CD4+CD45RBhigh T cells, lymphocytes from vitamin D 
receptor (VDR) knockout mice increase colitis severity in 
recipient mice compared to similar cells from wild-type 
animals[10]. Also, VDR knockout mice develop a more 
severe colitis in response to dextran sodium sulfate (DSS) 
treatment than wild-type mice, which can be decreased in 
severity by dietary or rectally administered calcitriol[11]. To 
underline the importance of  calcitriol in IBD, the VDR 
gene has been mapped to a region on chromosome 12 that 
has been shown to be linked to susceptibility for Crohn's 
disease, which suggests an influence of  calcitriol on the 
intestinal immune system[12].

The immunoregulatory effects of  the cellular receptor 
for calcitriol are complex and not yet fi nally understood. 
However, as the VDR was discovered in resting and 
activated lymphocytes[13], it has been suggested that 
calcitriol might be involved in immunoregulation. In 
particular, CD4+ T cells that are known to play a major 
role in chronic colitis express VDR, and are among the 
identified targets of  activated vitamin D[14,15]. Indeed, 
calcitriol is able to inhibit T-cell proliferation and secretion 
of  different proinfl ammatory cytokines in vitro[13,16], and to 
suppress the development of  several experimental models 
of  chronic inflammatory diseases, such as rheumatoid 
arthritis, experimental autoimmune encephalomyelitis 
and diabetes in vivo[7,10,17-19]. Also, the presence of  calcitriol 
significantly inhibits cell proliferation of  T lymphocytes 
obtained from patients with ulcerative colitis[20,21]. In mice 
treated with calcitriol, increased production of  TGF-β1 
and IL-4 was observed[22], cytokines that are associated 
with the inhibition of  T cell effector function in a murine 
model of  colitis[23]. Furthermore, calcitriol has been found 
to inhibit dendritic-cell (DC) maturation, which leads to 
reduced alloreactive capacity[24] and enhanced generation 
of  regulatory CD4+CD25+ T cells[25].

Calcitriol selectively regulates the immune response 
without compromising host ability to fight infection[17], 
which makes it an attractive target compared to standard 
immunosuppressive medication in patients with IBD. 
However, calcitriol has clear dose-limiting hypercalcemic 
effects that interfere with its systemic clinical use due 
to strong infl uence on calcium homeostasis and the risk 
of  associated side effects. Recently, ZK191784, a new 
low-calcemic calcitriol derivative, has been identified 
that inhibits lymphocyte proliferation and suppresses 
secretion of  proinfl ammatory cytokines by monocytes[26]. 
The compound has shown immunosuppressive activity 
in a murine contact hypersensit ivi ty model when 
given systemically at concentrations that do not cause 
hypercalcemic effects, thereby suggesting a possible 
therapeutic application as an immunosuppressive agent[26].

The aim of  our study was to investigate whether this 
modifi ed calcitriol analog might have potential therapeutic 

value in the treatment of  acute and chronic intestinal 
infl ammation, using the DSS model of  colitis. 

MATERIALS AND METHODS
Mice
Female Balb/c mice were obtained from Charles River 
(Germany) and were used for the experiments at 6-8 wk 
of  age and 20-22 g body weight. Animals obtained food 
and water ad libitum. The local Institutional Review Board 
approved the animal studies. 

Reagents and antibodies
The calc i tr iol analog ZK191784 was synthesized 
as previously described[26], dissolved in ethanol at a 
concentration of  1 × 10-2 mol/L and kept at -20℃ until 
use. The following antibodies were used in the study (all 
purchased from BD Pharmingen, Heidelberg, Germany): 
anti-CD3, anti-CD11c, anti-CD28, anti-CD16/CD32, anti-
MHC-Ⅱ, anti-CD40, anti-CD80, and anti-CD86.

Induction and treatment of DSS colitis
DSS (molecular mass 40 000) was purchased from ICN 
(Eschwege, Germany). Acute colitis was induced by 
feeding 3% DSS over 7 d[27]. Treatment with ZK191784 
(100 μg/kg per day orally) or vehicle was either started on 
day -3 before DSS administration and maintained through 
to d 7 (“pretreatment”), or started on the fi rst day of  DSS 
application through d 7 (“treatment”). Mice were sacrifi ced 
on d 8. For induction of  chronic colitis, mice received 
four cycles of  DSS treatment. Each cycle was followed 
by a period of  10 d water without DSS. Treatment was 
performed before the fi rst and before the third cycle of  
DSS for 7 d each (100 μg/kg per day orally). The animals 
were killed on d 8 after completion of  the fourth cycle. 

Histological examination
From the distal third of  the colon, 1 cm of  tissue was 
harvested from each animal, embedded in paraffin, 
stained with hematoxylin/eosin after sectioning, and used 
for histological analysis. To quantify the tissue damage, 
a scoring system was used as described previously[27]. 
Thereby, three sections, each obtained at a distance of  
100 μm were evaluated. Mice were scored individually, 
each score representing the mean of  three sections. 
Two independent investigators, blinded to the treatment 
group, performed histological examination. The total 
histological score represented the sum of  the epithelium 
and infi ltration score, and ranged from 0 to 8[27].

Cytokine ELISA of mesenterial lymph node (MLN) cells
MLN cells (pooled from each group of  mice) were 
collected in cold cell-culture medium [RPMI-1640, 10% 
fetal calf  serum (FCS), 100 U/mL penicillin and 100 μg/
mL streptomycin; GIBCO-BRL, Eggenstein, Germany] 
and β-mercaptoethanol (3 × 10-5 mol/L; Sigma). Tissues 
were mechanically disrupted and the cell suspensions 
were filtered through a cell strainer (70 μm). Tissue-
culture plates were coated in part with anti-CD3 (2.5 
μg/well), and 2 × 105 cells/well were incubated in 200 μL 

www.wjgnet.com

6530      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     December 28, 2007    Volume 13     Number 48



complete medium containing 10 U/mL IL-2 (Proleukin; 
Chiron) and in part with soluble anti-CD28 (1 μg/mL) for 
24 h. Cytokine levels were measured in the supernatant 
by ELISA (all from Endogene, Woburne, MA, USA), 
according to the manufacturer’s instructions.

Quantitative RT-PCR (light cycler)
RNA was extracted from colonic t issue using the 
RNeasy kit (Qiagen, Hilden, Germany) and transcribed 
(Promega, Mannheim, Germany). Quantification of  
cytokine mRNA was performed using a light cycler 
(Roche, Molecular Systems, Mannheim, Germany). The 
following primer pair was used for amplifi cation of  T-beta: 
5'-AGGCTGCCTGCAGTGCTTC-3'and 5'-CTCGC
CTGGTGAAATGTGC-3', annealing temperature at 
62℃, and 3 mmol/L MgCl2. For IL-10 amplifi cation, the 
following primer pair was used: 5'-TCCTTAATGCAG 
GACTTTAAGGGTTACTTG-3'and 5'-GACACCTTG 
GTCTTGGAGCTTATTAAAATC-3 ' , annea l ing 
t e m p e r a t u r e 6 2℃ ,  a n d 3 m m o l / L M g C l 2. Fo r 
standardization, β-actin was amplifi ed using the following 
primer pair: 5'-TGGAATCCTGTGGCATCCATGAAAC-
3' and 5'-TAAAACGCAGCTCAGTAACAGTCCG-3'.

Generation of bone-marrow-derived DCs and isolation of 
CD11c+ primary DCs
Bone-marrow-derived DCs (BM-DCs) were generated as 
described previously[28]. Briefl y, bone marrow was fl ushed 
from femurs and tibiae of  mice, and cells cultured for 10 d 
with PRMI (RPMI, 10% FCS, 1% penicillin/streptomycin, 
1% l-glutamine, and 0.1% 2-mercaptoethanol) containing 
200 U/mL granulocyte-macrophage colony-stimulating 
factor (GM-CSF) (Peprotech/Tebu, Germany). Subsequently, 
BM-DCs were incubated with different concentrations 
of  ZK191784 (10, 100 and 1000 nmol/L) and stimulated 
overnight with 1 μg/mL LPS (Sigma, Germany). Supernatants 
were harvested for ELISA and BM-DCs were used for 
fl uorescence-activated cell sorting (FACS) analysis.

For isolation of  CD11c+ DCs, spleen and MLNs 
were excised from ZK191784- or vehicle-treated animals
(100 μg/kg per day orally, for 5 d), injected with 100 U/mL
collagenase Ⅳ in RPMI (Worthington Biochemicals, 
Lakewood, NJ, USA) and incubated for 30 min at 37℃. 
After incubation, organs were mechanically dissociated. 
In the case of  the spleen, red blood cells were removed 
by ACK lysis. CD11c+ DCs were positively selected 
from single-cell suspensions from the spleen and MLNs 
using CD11c microbeads and a magnetic cell separation 
column, according to the manufacturer’s instructions 
(Miltenyi Biotec, Bergisch Gladbach, Germany). The 
resulting DC preparations were > 95% CD11c-positive. 
Isolated DCs were stimulated overnight with 5 μg/mL 
phosphothioate-stabilized CpG-ODN with the following 
sequence: ODN1668 5'-TCCATGACGTTCCTGATG
CT-3' (Metabion, Martinsried, Germany). Supernatants 
were harvested for ELISA and cells were used for FACS 
analysis.

FACS analysis and immunohistochemistry
Cells were analyzed by FACS using two-color staining. 
Briefl y, isolated lymphocytes were incubated with 20 μg/mL 
of  anti-CD16/CD32 mAb and 10% FCS to block Fc 

receptors, and stained with both fl uorescein isothiocyanate 
(FITC)- and phycoerythrin (PE)-conjugated mAbs. The 
cells were washed and analyzed by fl ow cytometry using 
an EPICS-XL MCL Coulter. For immunohistochemistry, 
intestinal tissue samples were snap-frozen in liquid 
nitrogen embedded in optimal cutting temperature medium 
and 5- to 10-μm cryostat sections were cut. Incubation 
with primary antibodies was followed by incubation with 
biotinylated polyclonal anti-rat IgG or anti-hamster IgG 
(both Dianova, Germany) mAbs as secondary antibodies. 
Tissue was stained using the avidin/biotin complex 
immunoperoxidase kit according to the manufacturer's 
instructions (Vector Laboratories) and developed with 
3-amino-9-ethylcarbazol. Sections were counterstained 
with hematoxylin/eosin.

Statistical analysis
Statistical analysis was performed using the Mann-Whitney 
U test for unpaired samples (histological score, cytokine 
levels) and Student’s t test (cytokine levels of  primary DCs 
and BM-DCs). Differences were considered statistically 
signifi cant at P < 0.05 (labeled). For graphical analysis of  
the data, box plots were used. The box stretches from the 
lower hinge to the upper hinge and contains the middle 
half  of  the scores in the distribution. The median is shown 
as a line across the box, and the largest value below the 
upper hinge and the smallest value above the lower inner 
fence are drawn additionally, indicating the distribution.

RESULTS
Treatment with ZK191784 ameliorates acute and chronic 
DSS-induced colitis
As shown previously, vitamin D defi ciency leads to severe 
colitis in IL-10 knockout mice[7]. However, limitations are 
involved in the study of  cytokine-deficient animals, as 
intestinal inflammation in these mice may not represent 
a normal immune response, due to the lack of  important 
regulatory cytokines. Therefore, we decided to investigate 
the effects of  ZK191784 in the DSS models of  acute and 
chronic colitis, as results in both models are not impaired 
by cytokine defi ciency.

Administration of  ZK191784 to mice before and 
during induction of  acute colitis ameliorated colitis, as 
demonstrated by a signifi cant reduction in the histological 
score by 25% compared to control mice (Figure 1A: 
control, 7.2 ± 0.44 vs ZK191784, 5.4 ± 1 34; P < 0.05), 
and refl ected by a less severe infl ammatory infi ltrate and 
reduced epithelial damage, as seen in histological sections 
of  the intestine (Figure 1C). Whether animals were 
pretreated with the calcitriol analog before induction of  
colitis or whether application of  ZK191784 was started 
at the time of  colitis induction made no difference in the 
ameliorating effect of  the compound. Also, when animals 
were treated sequentially with the calcitriol analog during 
induction of  chronic colitis, intestinal inflammation 
improved as well by 27.1% (Figure 1B: control, 7. 2 ± 1. 
2 vs ZK191784, 5.25 ± 1. 9; P < 0.05). As demonstrated 
previously[26], the calcitriol compound did not increase 
serum levels of  calcium in a significant manner, as 
compared to serum calcium levels in control animals (data 
not shown).
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Treatment with ZK191784 suppresses the secretion of 
proinfl ammatory cytokines by MLN cells
In order to further characterize the differences in colitis 
severity between ZK191784-treated and control animals, 
we compared the cytokine secretion in both groups. 
Therefore, MLNs of  diseased animals were harvested at 
the end of  the experiment, and levels of  pro- and anti-
inflammatory cytokines within the supernatant of  MLN 
cells were measured. The secretion of  the proinfl ammatory 
cytokines IFN-γ (Figure 2A) and IL-6 (data not shown) 
by isolated cells was dramatically suppressed by treatment 
with ZK191784 in acute colitis compared with control 
mice (IFN-γ, -62.7%; IL-6, -47.4%, P < 0.05), whereas 
IL-10 secretion increased signifi cantly by 2.3-fold (Figure 2B). 
Similarly, in chronic colitis, spontaneous IFN-γ secretion 
was suppressed by ZK191784 (control, 46.5 ± 8.4 pg/
mL; ZK191784, 4.2 ± 1.2 pg/mL, P < 0.05). However, 
in chronic colitis we were not able to detect a signifi cant 
difference in the secretion of  IL-6 or IL-10 by MLN cells 
derived from ZK191784- or vehicle-treated animals (data 
not shown). 

Th1 cytokines play a proinfl ammatory role in chronic 
DSS-induced colitis[29]. Therefore, we evaluated the 
effects of  ZK191784 administration on expression 
of  the Th1-specific transcription factor T-beta in the 
colonic tissue, using real-time PCR. As shown, the levels 
of  T-beta expression were significantly reduced to 18% 
compared with those in the control group (P < 0.0001, 
Figure 2C). Additionally, even if  we were not able to 
detect a signifi cant difference in the secretion of  the anti-

infl ammatory cytokine IL-10, the mRNA-levels of  these 
cytokines increased slightly by 1.4-fold in ZK191784-
treated animals (P = 0.00025, Figure 2D).

Treatment with ZK191784 prevents infi ltration of intestinal 
lamina propria with activated CD11c+ DC in animals with 
acute colitis
Vitamin D3 is known to interact with antigen-presenting 
cells and to prevent their activation[30], therefore, we 
were interested to see whether administration of  the 
calcitriol compound ZK191784 infl uenced the activation 
of  intestinal DCs within the inflamed colonic mucosa. 
As shown in Figure 3, immunohistochemical analysis for 
CD11c+ DCs within the colonic lamina propria revealed 
a dramatic decrease in cell numbers in intestinal tissue 
derived from mice treated with ZK191784, as compared to 
that from control mice. Additionally, when staining for the 
activation marker CD80 was performed, almost no positive 
cells were found in the colonic mucosa of  calcitriol-treated 
animals, whereas as expected, in control animals, large 
numbers of  infiltrating CD80+ cells were detected. No 
changes were observed concerning the numbers of  CD3+ 
T cells (data not shown).

ZK191784 inhibits the production of proinfl ammatory 
cytokines and the expression of costimulatory molecules 
by in vitro-derived DCs
So far, our results indicated that the positive effects of  
ZK191784 could be mediated by an influence of  the 
compound on antigen-presenting DCs. It has previously 
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been shown that calcitriol inhibits IL-12 production by 
human monocytes[31]. To determine whether this capacity 
was shared by ZK191784, the calcitriol analog was tested 
for its ability to inhibit the secretion of  proinfl ammatory 
cytokines by BM-DCs that were stimulated with LPS 
overnight in the presence of  different concentrations of  
ZK191784. 

The secretion of  IL-10 was not influenced by the 
presence of  the compound (data not shown). However, 
ZK191784 was able to signifi cantly inhibit the production 
of  the proinfl ammatory cytokines IFN-γ and IL-12 by 60% 
and 40%, respectively, in a dose-dependent manner, after 
stimulation of  cells with LPS (Figure 4A and B; IFN-γ, P 
= 0.0227; IL-12, P = 0.0069). Additionally, FACS analysis 
revealed reduced expression of  costimulatory molecules 
(CD40, CD80 and CD86) after stimulation on the surface 
BM-DCs exposed to ZK191784 (Figure 4C). Therefore, the 
presence of  the calcitriol analog within cell cultures seems 
to inhibit the activation of  in vitro-derived BM-DCs.

ZK191784 inhibits the production of proinfl ammatory 
cytokines by primary DCs 
To further evaluate the effects of  ZK191784 on DC
in vivo, mice were treated with the calcitriol analog or 
vehicle, and primary CD11c+ DCs were isolated from the 
spleen and MLNs. FACS analysis revealed no difference in 

the expression of  costimulatory molecules in DCs from 
different treatment groups. However, after stimulation 
with CpG in vitro, primary splenic and mesenteric DCs 
isolated from mice treated with ZK191784 secreted 
significantly lower levels of  proinflammatory cytokines 
than those derived from control mice (Figure 5A and B). 
TNF-α secretion from splenic DCs from ZK191784-
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treated animals was reduced to 74% (P = 0.0364) and 
IL-12 production was decreased to 62%, as compared 
to control DCs (P = 0.0136). The effect was even more 
dramatic when secretion of  proinflammatory cytokines 
from mucosal MLN DCs was evaluated. We were able 
to show that TNF-α and IL-12 levels from ZK191784-
treated mice were reduced to 9.0% (P = 0.0005) and 4.4% 
(P < 0.0001), respectively, compared to cells from control 
animals. The results suggest that the in vivo effects of  the 
calcitriol analog ZK191784 are more dramatic at mucosal 
sites of  the intestine than in systemic lymphatic tissue.

DISCUSSION
In our study we extended previous data about the 
importance of  calcitriol in colitis as we demonstrated that 
administration of  ZK191784, a less calcemic analog of  
calcitriol, ameliorated not only acute but also chronic DSS-
induced colitis. In contrast to previous studies, in which 
the influence of  vitamin D deficiency was investigated 
in IL-10 knockout mice, our results were not obtained in 

cytokine-deficient animals, but in normal Balb/c mice. 
Additionally, our data suggested that the effects of  the 
compound were at least partly due to its influence on 
DCs in the intestinal mucosa, as systemic administration 
of  ZK191784 inhibited the activation of  DCs within the 
spleen, MLNs and intestinal lamina propria by down-
modulation of  proinfl ammatory cytokines and inhibition 
of  costimulatory molecule expression on the surface of  
DCs. 

Calcitriol is known to act directly on T cells because 
vitamin D3 inhibits the proinflammatory transcription 
factor nuclear factor (NF)κB, and subsequently impairs 
the expression of  proinfl ammatory cytokines TNF-α and 
IFN-γ[20]. TNF-α is known to be an important mediator 
of  infl ammation in IBD patients[32], and several TNF-α-
blockers are effective in IBD[33]. Therefore, any treatment 
that targets the TNF-α pathway and Th1-associated 
cytokines is likely to be a possible treatment for intestinal 
infl ammation. Indeed, stimulated splenic and mesenterial 
DCs produced lower amounts of  TNF-α when mice were 
treated with the calcitriol analog, and secretion of  the 
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proinfl ammatory cytokines IFN-γ and IL-6 by MLN cells 
was dramatically reduced after ZK191784 administration. 
On the other hand, protein levels of  the anti-infl ammatory 
cytokine IL-10 increased in acute colitis and mRNA levels 
of  these cytokines were also enhanced in the chronic 
colitis model after application of  ZK191784. 

In vitro experiments have demonstrated that calcitriol 
renders DCs in a perpetual state of  immaturity, as it 
down-regulates the expression of  MHC class Ⅱ and 
costimulatory molecules[34,35] and decreases the capacity of  
myeloid human DCs to induce Th1-cell development[36]. 
Also, it inhibits IL-12 production by both macrophages and 
DCs via inhibition of  NFκB activation and transcriptional 
repression of  the IL-12p40 gene[31,36]. The proinfl ammatory 
cytokine IL-12 is involved in the pathogenesis of  colitis[37], 
as administration of  anti-IL-12 substantially reduces the 
severity of  intestinal infl ammation, and mice treated with 
IL-12 during the application of  DSS develop a more 
severe acute colitis as compared to controls[38]. Therefore, 
inhibition of  IL-12 secretion by antigen-presenting cells 
can also be an important way to ameliorate disease.

However, so far, it is unclear whether mucosal DCs 
are also targets for the immunomodulatory activity 
of  calcitriol. Our results demonstrate that infiltrating 
act ivated CD11c+ DCs into the intest inal lamina 
propria were dramatically reduced in number after 
systemic administration of  ZK191784. Additionally, 
the reduced expression of  costimulatory molecules by 
DCs, accompanied by the inhibition of  proinfl ammatory 
cytokine secretion, may contribute substantially to 
decrease DC-dependent T-cell activation within the 
intestinal mucosa and could largely account for the 
immunosuppressive properties of  this compound on acute 
and chronic colitis development in our model.

Interestingly, recent data have suggested that in vivo 
macrophages, DCs and epithelial cells are a potential 
source of  calcitriol [39,40]. Therefore, local calcitriol 
production may keep antigen-presenting cells in an 
immature state in the healthy intestinal mucosa, and 
support the suppression of  mucosal Th1 cytokine 
secretion and T-cell proliferation. This mechanism would 

help to establish tolerance by inhibition of  unnecessary 
inflammatory responses. It is possible that vitamin D 
deficiency, either due to malnutrition or malabsorption 
in patients with IBD, is an additional piece of  the puzzle 
that helps to disturb the normal immunoregulation in the 
gut. Our data support this hypothesis, as administration 
of  the calcitriol analog was able to ameliorate symptoms 
of  DSS colitis by inhibition of  activation of  mucosal DCs, 
as demonstrated by lack of  expression of  costimulatory 
molecules that would otherwise drive the inflammatory 
process. 

Another recent study suggests an essential function 
for DCs in programming lymphocyte homing and 
microenvironmental positioning[41]. The authors were 
able to demonstrate that calcitriol that was processed by 
antigen-presenting DCs upregulated the expression of  the 
chemokine receptor CCR10 on the surface of  responding 
T cells, and enabled them to migrate to the skin. On the 
other hand, the expression of  the gut homing adhesion 
molecule α4β7 and the intestinal chemokine receptor 
CCR9 on the T-cell surface was suppressed. Therefore, it 
is possible that, in addition to changes in the phenotype 
and number of  intestinal DCs, ZK191784 can act via 
DCs on T cells within the gut by up-regulation of  skin 
homing chemokine receptors and down-modulation 
of  gut homing molecules. This may reduce the number 
of  infiltrating T cells within the gut during colitis and 
ameliorate severity of  intestinal inflammation. Further 
studies are under way to investigate the expression 
of  chemokine receptors on T cells in response to the 
calcitriol analog ZK191784. 

The data presented by us and others point to a crucial 
role of  calcitriol-regulated processes in IBD. As no 
interference by vitamin D compounds with the ability of  
animals to act defensively against opportunistic infections 
has so far been shown[17], calcitriol may be an attractive 
treatment strategy compared to other immunosuppressive 
reagents used in IBD patients. However, so far, development 
of  hypercalcemia limits calcitriol administration. The new 
calcitriol analog ZK191784 that was used in our study has 
previously been shown to have reduced calcemic activity and 
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therefore, a more favorable therapeutic profi le than calcitriol.
In conclusion, we believe that we showed for the fi rst 

time that ZK191784, a low-calcemic calcitriol analog, 
significantly ameliorated acute and chronic DSS-induced 
colitis, most likely due to inhibition of  DC activation that 
prevented development of  proinfl ammatory pathogenic T 
cells. This less hypercalcemic calcitriol analog is therefore an 
attractive immunomodulatory agent with few side effects, 
which, either alone or in combination with other drugs, may 
have therapeutic applications in the treatment of  IBD.

 COMMENTS
Background
Chronic IBD in patients still has unknown etiology. However, it is thought that 
a dysregulated response of antigen-presenting DCs towards bacterial and 
food antigens within the gut plays a role within the disease process. Currently, 
treatment of disease consists of immunosuppressive drugs such as steroids and 
azathioprine, which have significant side effects. We investigated the effects 
of a calcitriol analog with few side effects for the treatment of murine colitis. 
Additionally, we were able to show that the calcitriol analog influenced the 
phenotype and number of DCs within the gut.

Research frontiers
Besides genetic factors that are thought to predispose individuals to develop 
IBD, the environment seems to contribute to the disease. There are reasons 
to believe that vitamin D may be an environmental factor that affects colitis, 
since vitamin D deficiency has been linked to IBD, even when the disease is 
in remission. Additionally, vitamin D deficiency has been shown to accelerate 
the development of colitis symptoms among mice that develop spontaneous 
enterocolitis. It has been shown that calcitriol selectively regulates the immune 
response without compromising the host’s ability to fi ght infection, which makes 
it an attractive therapeutic option compared to standard immunosuppressive 
medication in patients with chronic colitis. However, calcitriol has clear dose-
limiting hypercalcemic effects that interfere with its systemic clinical use, due to a 
strong infl uence on calcium homeostasis and the risk of associated side effects.

Innovations and breakthroughs
We were able to show that treatment with ZK191784, a low-calcemic calcitriol 
analog, resulted in signifi cant amelioration of murine colitis in acute and chronic 
intestinal inflammation. The down-regulation of colonic inflammation was 
associated with a dramatic reduction in the secretion of proinfl ammatory cytokines 
and a significant increase in anti-inflammatory mediators by cells within local 
lymph nodes. Additionally, lower numbers of infi ltrating activated DCs were found 
in the colon in mice that were treated with the calcitriol analog, and the secretion 
of proinfl ammatory cytokines by mucosal DCs was inhibited in the presence of the 
calcitriol analog.

Applications 
We were able to show, as far as we are aware, for the first time that a low-
calcemic calcitriol analog signifi cantly ameliorated acute and chronic murine colitis. 
Inhibition of DC activation prevented development of proinfl ammatory pathogenic 
T cells. This calcitriol analog is therefore an attractive immunomodulatory agent 
with few side effects, which, either alone or in combination with other drugs, may 
have therapeutic applications in the treatment of IBD.

Terminology
IBD: Inflammatory bowel disease, chronic recurrent colitis in patients with an 
autoimmune background. DCs: Dendritic cells, cells that capture foreign antigens 
and present them to lymphocytes, therefore inducing an immune reaction.

Peer review
This paper by Strauch et al investigated the properties of ZK191784, a derivative 
analog of calcitriol (activated form of vitamin D3), with potentially fewer side effects 
and similar inhibition of T-cell function, to regulate colitis in an experimental mouse 
model. The results suggest that treatment with this inhibitor decreased the severity 
of acute and chronic colitis in this model.
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Abstract
AIM: To investigate the chemopreventive effi cacy of the 
Indian medicinal plant Acanthus ilicifolius  L Acanthaceae 
in a transplantable Ehrlich ascites carcinoma (EAC)-
bearing murine model. 

METHODS: Male Swiss albino mice were divided 
into four groups: Group A was the untreated normal 
control; Group B was the EAC control mice group that 
received serial, intraperitoneal (ip) inoculations of 
rapidly proliferating 2 x 105 viable EAC cells in 0.2 mL 
of sterile phosphate buffered saline; Group C was the 
plant extract-treated group that received the aqueous 
leaf extract (ALE) of the plant at a dose of 2.5 mg/kg 
body weight by single ip injections, once daily for 10, 20 
and 30 consecutive days following tumour inoculation 
(ALE control); and Group D was the EAC + ALE- 
treatment group. The chemopreventive potential of 
the ALE was evaluated in a murine model by studying 
various biological parameters and genotoxic markers, 
such as tumour cell count, mean survival of the animals, 
haematological indices, hepatocellular histology, 
immunohistochemical expression of liver metallothionein 
(MT) protein, sister-chromatid exchanges (SCEs), and 
DNA alterations.

RESULTS: Treatment of the EAC-bearing mice with the 
ALE signifi cantly (P  < 0.001) reduced viable tumour cell 
count by 68.34% (228.7 x 106 ± 0.53) when compared 
to EAC control mice (72.4 x 106 ± 0.49), and restored 
body and organ weights almost to the normal values. 
ALE administration also increased (P  < 0.001) mean 
survival of the hosts from 35 ± 3.46 d in EAC control 
mice to 83 ± 2.69 d in EAC + ALE-treated mice. 
Haematological indices also showed marked improvement 
with administration of ALE in EAC-bearing animals. There 
was a significant increase in RBC count (P  < 0.001), 
hemoglobin percent (P  < 0.001), and haematocrit value 
(P < 0.001) from 4.3 ± 0.12, 6.4 ± 0.93, and 17.63 ± 0.72 
respectively in EAC control mice to 7.1 ± 0.13, 12.1 ± 
0.77, and 30.23 ± 0.57 respectively in EAC + ALE-treated 
group, along with concurrent decrement (P  < 0.001) 
in WBC count from 18.8 ± 0.54 in EAC control to 
8.4 ± 0.71 in EAC + ALE. Furthermore, treatment with 
ALE substantially improved hepatocellular architecture 
and no noticeable neoplastic lesions or foci of cellular 
alteration were observed. Daily administration of the 
ALE was found to limit liver MT expression, an important 
marker of cell proliferation with concomitant reduction 
in MT immunoreactivity (62.25 ± 2.58 vs  86.24 ± 5.69, 
P  < 0.01). ALE was also potentially effective in reducing 
(P  < 0.001) the frequency of SCEs from 14.94 ± 2.14 
in EAC control to 5.12 ± 1.16 in EAC + ALE-treated 
group. Finally, in comparison to the EAC control, ALE 
was able to suppress in vivo  DNA damage by abating the 
generations of ‘tailed’ DNA by 53.59% (98.65 ± 2.31 vs  
45.06 ± 1.14, P  < 0.001), and DNA single-strand breaks 
(SSBs) by 38.53% (3.14 ± 0.31 vs  1.93 ± 0.23, P  < 0.01) 
in EAC-bearing murine liver.

CONCLUSION: Our data indicate that, ALE is benefi cial 
in restoring haematological and hepatic histological 
profi les and in lengthening the survival of the animals 
against the proliferation of ascites tumour in vivo . Finally, 
the chemopreventive effi cacy of the ALE is manifested in 
limiting MT expression and in preventing DNA alterations 
in murine liver. The promising results of this study 
suggest further investigation into the chemopreventive 
mechanisms of the medicinal plant A.  ilicifolius in vivo  
and in vitro .

© 2007 WJG. All rights reserved.
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INTRODUCTION
Acanthus ilicifolius Linn., popularly known as “Harkach 
Kanta” belongs to the family Acanthaceae, has typical 
spinose margins on its evergreen leaves and stipular 
spines at stem nodes. The common name of  the plant 
is Holy Leaved Acanthus. It is a gregarious, sparingly 
branched, evergreen shrub, 0.6-1.5 meters in height, 
common in the tidal swamps of  creeks and rivers along 
the east and west coasts. The leaves are oblong or elliptic, 
pinnately toothed, acute or truncate and glabrous; its 
flowers are blue, sessile in opposite pairs and are in 
terminal crowded or interrupted spikes; the capsules are 
oblong, 2.5 cm long and are brown; the seeds are broad-
ovate, compressed and are 0.6 cm in diameter. It is a 
plant of  marshy habitat distributed widely throughout the 
mangroves of  India including west coasts, Meghalaya and 
the Andamans and different parts of  the Asian countries 
like Singhal, Burma, China, Thailand etc. The plant grows 
luxuriously by the side of  the Ganges in Sunderbans, 
Hoogly, Howrah and 24 Parganas in West Bengal. The 
shrub is also planted as a sand-binder along the banks 
of  tidal rivers and lakes. It is a folklore medicinal plant 
used mainly against rheumatism, paralysis, asthma and 
snake-bites. A decoction of  the plant with sugar candy 
and cumin is used in dyspepsia with acid eructations. It 
is also considered to be a diuretic, and is used as a cure 
for dropsy and bilious swellings. In Goa, the leaves are 
employed as an emollient fomentation in rheumatism and 
neuralgia[1]. The leaves are bruised and soaked in water for 
external application and are also used as an expectorant. 
The analgesic, anti-inflammatory[2], and leishmanicidal[3] 
proper ties of  A il i c i fo l ius have been documented, 
whilst Babu et al have reported the antioxidant and 
hepatoprotective properties of  the plant[4]. 

The propensity of  cancer cells to show multiple 
genetic mutations underscores the concept that the 
carcinogenic process progresses by the accumulation 
of  discrete genetic alterations. Evidence suggests that 
genomic instability may provide the driving force behind 
the genetic plasticity characteristic of  cancer cells resulting 
in DNA damage, gene mutation, sister-chromatid 
exchanges (SCEs)[5], chromosomal aberrations (CAs), and 
cellular transformation[6,7]. Since SCEs data alone do not 
necessarily provide either a quantitative or a qualitative 
estimate of  gross structural chromosomal damage, the 
SCEs assay should be regarded as a complement to rather 
than a substitute for CAs analysis. Earlier methods for 

detecting DNA unwinding in alkali have required physical 
separation of  single- from double-stranded DNA using a 
hydroxyapatite column[8], specific nuclease digestion and 
precipitation or filter binding[9]. Moreover, radio-labeling 
of  cells was required for detection of  the small amounts 
of  DNA involved. In cells where radio-labeling was not 
feasible, sensitive fl uorimetric methods were substituted to 
permit detection and quantitation of  DNA after column 
or filter separation. We have used a sensitive technique 
of  Fluorimetric Analysis of  DNA Unwinding (FADU) 
according to our established protocol[10] for the estimation 
of  single-strand breaks (SSBs) in vivo. Besides FADU, 
single cell gel electrophoresis (SCGE) or the Comet assay, 
in particular the alkaline version of  the assay, has also 
become a popular method for sensitive analysis, detection, 
and quantitation of  DNA damage. Damage is detected 
as DNA strand-breaks, alkali-labile damage, and excision 
repair sites in individual interphase cells[11].

Our team workers visited the Sunderban area and 
gathered some information from the local people who 
used the plant as drugs for the regression of  tumour 
growth with satisfactory results. Since the plant is 
easily available and information on the effect of  this 
medicinal plant in a tumour-bearing animal model is 
not yet explored, it has encouraged us to proceed with 
the following objectives: fi rstly, to monitor the effect of  
its aqueous leaf  extract (ALE) on mean survival time, 
liver histology, metallothionein (MT) expression, and 
haematological status, since the latter plays an important 
role in immunological and pathophysiological states of  the 
animal; and secondly, to examine the antigenotoxic effects 
of  the ALE in preventing hepatic DNA damage and SCEs 
and thereby chemoprotection of  cells, particularly those 
undergoing drastic multiplication when transplanted as 
ascites cells within the peritoneal cavity of  the host.

MATERIALS AND METHODS
Animals
Closed colony inbred male Swiss albino mice, 6-7 wk 
of  age and weighing 20-22 g, obtained from the Indian 
Institute of  Chemical Biology (ⅡCB, CSIR, Govt. of  
India) Kolkata, India, were used throughout the study. 
The animals were supplied with standard mouse pellet diet 
(Hindustan-Lever, Mumbai, India) and water ad libitum. The 
recommendations of  Jadavpur University “Institutional 
Animal Ethics Committee” [“Committee for the Purpose 
of  Control and Supervision of  Experiment on Animals” 
(CPCSEA Regn. No. 0367/01/C/CPCSEA) India] for the 
care and use of  laboratory animals were strictly followed 
throughout the study and the recommendations were in 
accordance with the National Institute of  Health (NIH) 
guidelines. 

Materials
All the chemicals were purchased from Sigma Chemicals 
Co. (St. Louis, MO) unless otherwise mentioned.

Plant material
Air-dried over-ground parts of  the plant A ilicifolius were 
supplied by the United Chemicals and Allied Products 



(Calcutta, India). Dr. Alpana Bhattacharya, Department 
of  Botany, Bethune College, Calcutta identified and 
authenticated the plant and a voucher specimen number 
[B.N.Chatterjee, 100A, 100B (CAL)] was deposited in the 
Central National Herbarium, Calcutta, India.

Preparation of the aqueous leaf extract (ALE) of the plant
50 g of  air-dried powdered leaves of  A ilicifolius were 
percolated with distilled water at room temperature until 
exhausted and fi ltered, and the fi ltrate was lyophilized and 
air-dried (quantity 5.3 g). 

Tumour cell inoculation
EAC cells were maintained serially in ascites fl uid in the 
peritoneal cavity of  7-wk-old Swiss albino mice. Viable 
cells were counted in a haemocytometer by the trypan blue 
dye exclusion method. An aliquot of  2 × 105 viable cells 
suspended in 0.2 mL of  sterile phosphate buffered saline 
(PBS, pH 7.4, 0.2 mmol/L) was aseptically inoculated 
intraperitoneally (ip) into each mouse. The tumour growth 
was observed within 4-6 d following transplantation.

Experimental Long-term regimen
Mice were randomly divided into four different groups 
containing 10 mice in each group. Figure 1A shows 
the basic experimental regimen for haematology and 
immunohistology. Group A animals belonged to the 
normal (untreated) vehicle control that received a single, 
ip injection of  0.2 mL of  PBS (pH 7.4) daily for 10, 20 
and 30 consecutive days. Group B animals were the EAC-
bearing mice (tumour-control group) that received serial 
ip inoculations of  viable tumour cells in PBS. Group C 
animals were the ALE control group that received daily 
freshly prepared ALE of  A ilicifolius in 0.2 mmol/L of  
PBS by ip administration at a dose of  2.5 mg/kg body 
weight for 10, 20 and 30 consecutive days of  each phase 
of  the study; while group D animals were the treatment 
group that had been transplanted with viable EAC cells 
followed by (24 h later) ip administration of  the ALE at 
the same dose-regimen as in group C. The body weight 
of  the animals was monitored after every fi ve days. All the 
animals were fasted overnight and were sacrifi ced at three 
different time intervals separately, i.e. at 11, 21 and 31 d of  
tumour inoculation to carry out various experiments.

The second set of  animals (all the above four groups, 
A-D) with 20 mice/group was maintained with the same 
treatment schedule throughout without any prior sacrifi ce 
for carrying out survival study. 

Short-term regimen
The third set of  animals (groups A-D) with 10 mice/group 
was maintained for SCEs and DNA-chain break studies. In 
this regimen, the animals were divided into the following 
treatment schedule (Figure 1B): Group A = Untreated 
control; Group B = EAC control group that received 
a single ip EAC inoculation 30 d post-ALE treatment; 
Group C = ALE control that received the plant extract for 
30 d continuously at the same dose-regimen mentioned 
earlier; Group D = EAC + ALE - treatment group. 

Determination of tumour cell count and haematological 
indices 
Tumour cell count in ascites fluid was recorded by the 
trypan blue dye exclusion method from EAC-bearing 
mice at a regular interval of  5 d. The total RBC, WBC 
and haematocrit (Htc) estimations from EDTA - treated 
blood samples were carried out on d 0, 5, 10 and 15 
after tumour transplantation by an improved Neubauer 
haemocytometer. 

Histopathology of liver tissue
Liver slices were taken from each lobe of  the liver. After 
proper fixation and dehydration with graded ethanol 

Basal diet with serial i.p. inoculations of viable EAC cells in PBS 
for 10, 20 and 30 d separately.

Basal diet with aqueous leaf extract (ALE) at a dose of 2.5 
mg/kg b.wt. in PBS, once daily for 10, 20 and 30 d separately.

Basal diet and ALE along with EAC inoculations for 10, 20 and 
30 d separately.

Starting of treatment (s) at d 0.

Termination of treatment(s) at 3 different time points, i.e. at d 
10, 20 and 30 from starting of the treatment.

Sacrifi ce of animals at 3 different time points, i.e. at d 11, 21 
and 31 from commencing of the treatment.

Basal diet and drinking water ad libitum.

Basal diet and drinking water ad libitum.

Treatment with aqueous leaf extract (ALE) of A. ilicifolius 
at a dose of 2.5 mg/kg b. wt. in PBS, i.p., once daily for 30 
consecutive days.

A single, i.p. inoculation of viable EAC cells in PBS at wk 4. 

Mice sacrifi ced 24 h and 5 d post-tumor inoculation.

Exp.D      0              10 11         20 21         30 31

Group Treatment (s)

     B

     C

     D

     A Normal control

EAC control

ALE control

EAC + ALE

A

Group

D EAC + ALE

C ALE control

B EAC control

A Normal control

Treatment (s)

Exp.D      0                                                   30

24 h

5 d

B

Figure 1  A: Basic experimental protocol for haematology and histology; B: Basic 
experimental protocol for DNA single-strand breaks assay. 
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solutions, sections of  5 μm in thickness were stained with 
haematoxylin and eosin (HE)[12]. The histopathological 
slides were observed under an ADCON-5591 (ADCON, 
Cleveland) photomicroscope.

Immunostaining of MT 
Immunohistochemical detection of  MT in cold acetone-
fixed, paraffin-embedded liver sections was performed 
by the streptavidin-avidin-biotin-peroxidase-complex 
method[13]. After proper blocking with 1% H2O2 and normal 
goat serum separately, tissue sections were incubated 
overnight at 4℃ with the primary antibody rabbit anti-rat 
MT-1 (polyclonal) using a 1:50 dilution. Sections were then 
incubated with a biotinylated secondary antibody goat anti-
rabbit IgG (Sigma) at 37℃ with 1:200 dilution. This was 
followed by incubation with streptavidin peroxidase (1:100) 
for 1 h and subsequent chromagen development with 0.5% 
3, 3'-diaminobenzidine tetrahydrochloride (DAB) and 0.33% 
H2O2 in 0.5 mol/L Tris-NaCl as the substrate. The sections 
were then counterstained with Harris haematoxylin, 
dehydrated and mounted and served as positive control. 
Negative controls were prepared following all the above-
mentioned steps omitting the primary antibody. MT 
immunostaining was considered positive when the nuclei 
and cytoplasm of  the hepatocytes stained prominently 
purplish brown/reddish brown. MT immunoreactivity was 
expressed as percentage of  immunopositive cells. A total of  
10 high power fi elds were randomly chosen. The number 
of  + ve cells was determined in relation to the total number 
of  cells in that fi eld[13].

SCE analysis 
Mice were lightly ether anaesthetized and a vertical incision 
was made in the lower lateral abdominal region. The 
subcutaneous tissue was parted with forceps and 5-bromo-
2'-deoxyuridine (BrdU) powder (1 mg/kg body wt.) was 
implanted by the method of  Allen et al[14]. Approximately 
24 h following BrdU implantation, and 1 h after ip 
injection of  0.04% colchicine at a rate of  1 mL/100 g 
body wt in 0.9% sodium chloride, mice were sacrifi ced and 
liver tissue was processed for chromosome preparation 
following the procedure of  Horiuchi et al[15]. Staining for 
the detection of  SCEs was accomplished by a modified 
fl uorescence plus Giemsa (FPG) technique[16].

Scoring of SCEs
In order to determine the SCE levels, approximately 500 
well-spread and differentially stained metaphase plates for 
second division mitosis were scanned from each treatment 
group, comprising of  10 animals. Each point of  exchange 
was determined as SCE, including clear at the centromere. 
The SCE analysis was performed at five sequential time 
points. 

Estimation of in vivo DNA damage by the Comet assay
Hepatic DNA damage was measured using the alkaline 
Comet assay, essentially as described by Olive et al[11]. The 
tissues were homogenized in phosphate-buffered saline 
(PBS; pH 8.0) under refrigeration and fi ltered. Cell viability 
was determined by the Trypan blue method. 4 μL of  
the homogenized tissue was then transferred to 50 μL 

of  fresh PBS (pH 7.5), washed, suspended in 150 μL of  
1% low melting point agarose at 37℃, and pipetted onto 
an agarose-precoated glass microscope slide. Slides were 
prepared in triplicate. The slides were immersed for 60 
min in freshly-prepared, ice-cold lysis solution (2.5 mol/L 
NaCl, 0.1 mol/L Na2EDTA, 10 mmol/L Tris-HCl (pH 10), 
10% DMSO and 1% Triton X-100) at 4℃ in the dark, 
washed, and then subjected to horizontal electrophoresis 
using freshly made buffer (0.3 mol/L NaOH and 
1 mmol/L Na2EDTA, pH > 13). After electrophoresis, the 
slides were stained with 5 μg/mL ethidium bromide and 
viewed under a Zeiss fluorescence microscope equipped 
with a green excitation fi lter and a 590 nm barrier fi lter. 
Routinely, 150 cells (50 cells/slide) were screened per 
liver sample from each animal. Nucleoid DNA extends 
under electrophoresis to form ‘comet tails’, and the length 
of  the comets was evaluated for determination of  the 
percentage of  tailed DNA. This value is linearly related to 
the frequency of  DNA breaks[11]. 

Assay of DNA unwinding 
The principle of  fl uorimetric analysis of  DNA unwinding 
(FADU) is that the fl uorescent dye ethidium bromide (EtBr) 
binds selectively to double-stranded DNA (DS-DNA) in 
the presence of  single-stranded DNA (SS-DNA) when 
short duplex regions in SS-DNA molecules are destabilized 
by alkali treatment[17]. 

Shearing of DNA, alkali treatment and neutralization
Whole liver genomic DNA was isolated from the frozen 
murine liver by a modifi cation of  the published criteria[18] 
with enzymatic RNA digestion before proteinase K 
treatment. After isolation, the purity of  DNA solution 
was checked spectrophotometrically by determining the 
ratios of  absorbance at A260/A280 and A260/A230. DNA 
was sheared by passing the DNA solution (20-25 times) 
through a 24-gauge needle using a hypodermic syringe. 
The optical density (OD) of  the DNA sample was adjusted 
to 2.0 at 260 nm. For alkali denaturation, 2.0 mL of  DNA 
solution in Tris-EDTA buffer (20 mmol/L Tris, 1 mmol/L 
M EDTA, pH 8.0) was mixed with an appropriate aliquot 
(about 2.4 mL) of  alkali solution (0.1 mol/L NaOH, 
0.001 mol/L M EDTA), so that the pH of  the mixture 
becomes 12.8. After about 10 min (determined by trial 
experiments), the pH of  the mixture was brought down 
to about 9.0 by addition of  an approximate aliquot (about 
1.3 mL) of  an acid solution (0.025 mol/L Tris, 0.225 mol/L
HCl).

FADU
DNA solutions from control and experimental groups 
were distributed into 12 test tubes[10]; in each time 
period (experiments were repeated four times) each tube 
contained 2.0 mL of  the DNA solution of  OD equal to 2.0 
at 260 nm. The tubes were designated as T, P or B in each 
group. The DNA solution in tube B was sheared initially 
as described above. To the P and T tubes, alkali solutions 
were fi rst added, mixed and then the tubes were incubated 
at 15℃ for 10 min. Denaturation was stopped by chilling 
the solutions at 0℃ and addition of  acid solution, as 
described before.
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The T tube differs from P tube in that the alkali and 
acid solutions, i.e., denaturing and neutralizing solutions 
were mixed together before addition of  DNA solution. 
An aliquot (0.2 μL) of  EtBr solution was added to each 
tube and the fl uorescence was read in a spectrofl uorimeter 
(LS-45, Perkin Elmer, USA) with excitation and emission 
wavelengths at 525 and 591 nm, respectively. The extent of  
DNA unwinding after a given time of  exposure to alkali 
is calculated from the fl uorescence of  T, P and B samples. 
The fl uorescence of  the sample less than the fl uorescence 
of  the blank (P-B) provide an estimate of  the amount of  
DS-DNA remaining. Percent D is given by the equation: 
Percent D (DS-DNA %) = (P-B)/(T-B) × 100.

Estimation of SSBs 
It is assumed that the distribution of  single-strand breaks 
in the DNA population follows a simple Poisson’s 
Law. Under this circumstance, it is possible to make an 
approximate estimate of  the average number of  single-
strand breaks (n) per DNA fragment from the simple 
equation given by Basak[19]: e-n = D/S + D; S = percentage 
DNA that remains single-stranded after alkali treatment; 
D = percentage remaining as DS-DNA. D/S+D represents 
the fraction (fo) of  the molecules without strand-breaks. 
The values of  ‘n’ corresponding to different DNA solutions 
isolated from different groups were then estimated.

Statistical analysis 
The data were analyzed using the GraphPad Prism Software 
package, Version 4.01 (Barcode Softwares, Baltimore, MD). 
The results were expressed as the mean + SE and Student’s 
t-test was performed to compare sample means. Statistical 
signifi cance was set at P < 0.05 for all comparisons. Percent 
inhibition was obtained by using the formula [(mean control 
- mean treatment)/mean control] × 100.

RESULTS
General observations 
During the entire period of  study, no differences in 
food and water consumptions were observed among the 
various groups of  animals. Administration of  the ALE at 
a dose of  2.5 mg/kg body weight to the group C animals 
indicates that the dose was well tolerated with adequate 
growth responsive effect, otherwise growth retardation 
or premature death would have occurred. Further, with 
this particular dose of  ALE, there were no toxicologically 
signifi cant changes in hematology, liver histology, clinical 
chemistry and clinical enzymology (data not shown), 
body and relative organ weights etc, suggesting that the 
administered dose of  the plant extract was apparently 
devoid of  toxicity.

The body weight of  all groups of  mice is recorded 
in Table 1. From the table, it is evident that there was 
no significant difference in the body weights of  the 
normal control (Group A) and ALE control (Group 
C) mice suggesting that the plant extract does not 
have any adverse effect on the growth responses of  
the host. It can be seen that the body weights of  all 
the four groups (Groups A-D) of  animals were more 
or less the same and did not show any significant 
differences on the day of  tumour transplantation (d 0).
On d 10 , the body we igh t o f  the EAC con t ro l 
(Group B) mice increased significantly (P < 0.05) 
from the normal control (Group A) mice. The body 
weight continued to increase on successive days (d 20 and 
30; P < 0.01 and P < 0.001 respectively) when compared 
to the normal control (Group A). In the treatment group 
(Group D), there was no significant effect of  the leaf  
extract on the reduction of  the body weight on d 10 after 
tumour transplantation. In the following days, there was 
significant reduction in the body weights (P < 0.02 on 
d 20; P < 0.001 on d 30) compared to the EAC control 
(Group B). The body weights of  Group D mice almost 
came down to normal on d 30 after continuous treatment 
with the leaf  extract.

From Table 2, it is evident that there was no signifi cant 
difference in liver and kidney weights between the normal 
control (Group A) and ALE control (Group C) groups 
suggesting that the aqueous extract probably do not have 
any adverse effect on the hosts’ physiology. Although, 
there was a slight decrease in the final liver and kidney 
weights of  EAC-bearing mice (Group B) than that of  
the normal control (Group A) and on the other hand, 
there was a gradual increase in the organ weights in 
the treatment group (Group D) than that of  Group B, 

Days 
following tumour 
transplantation

Body weight (g)

Normal control EAC control ALE control EAC + ALE

  0 15.6 ± 0.33   15.7 ± 0.46 15.5 ± 0.28 15.6 ± 0.38
10 16.9 ± 0.36 18.4 ± 0.58a 17.2 ± 0.41 17.7 ± 0.29
20 18.3 ± 0.26 21.5 ± 0.51b 18.5 ± 0.29 19.8 ± 0.35c

30 20.6 ± 0.39 25.4 ± 0.66b 21.1 ± 0.35 21.7 ± 0.49d

Table 1  Body weight of different groups of mice

Abbreviations: ALE: Aqueous leaf extract of A ilicifolius; EAC: Ehrlich ascites 
carcinoma. Values represent mean ± SE (n = 10). aP < 0.05, bP < 0.001 vs 
Normal control; cP < 0.02, and dP < 0.001 vs EAC control.

Organ (s)
Final weight (g)

Normal control     EAC control ALE control EAC + ALE
Liver 1.25 ± 0.04 1.13 ± 0.06 1.26 ± 0.08 1.23 ± 0.03
Kidney 0.38 ± 0.03 0.33 ± 0.05 0.38 ± 0.05 0.37 ± 0.04

Table 2  Final weight of liver and kidney of different groups of 
animals sacrifi ced 30 d post-EAC inoculation

Abbreviations: ALE: Aqueous leaf extract of A. ilicifolius; EAC: Ehrlich ascites 
carcinoma. Values represent mean ± SE (n = 10). No signifi cant differences 
between Normal control and EAC control and between EAC control and 
EAC + ALE.
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Days following
tumour transplantation

Mean tumour cell count Decrease 
(%)EAC control EAC + ALE

10 18.2 × 106 ± 0.44 11.3 × 106 ± 0.35b  37.91
20 52.1 × 106 ± 0.76 24.9 × 106 ± 0.41b     52.20
30   228.7 × 106 ± 0.53 72.4 × 106 ± 0.49b    68.34

Table 3  Effect of ALE on tumour cell count in Ehrlich ascites
carcinoma-bearing mice

Abbreviations: ALE: Aqueous leaf extract of A ilicifolius; EAC: Ehrlich ascites 
carcinoma. Values represent mean ± SE (n = 10). bP < 0.001 vs EAC control.



however all these changes were not statistically signifi cant.
On inoculation of  the male Swiss albino mice with EAC 

(Group B), all mice died of  carcinoma within 35 ± 3.46 d 
of  inocula t ion (F igure 2) ; whi le the concur rent 
administration of  ALE to the EAC-bearing hosts (Group 
D) resulted in an increase (P < 0.001) in mean survival of  
the animals, maximum life-span being 83 ± 2.69 d. Mice 
from the normal control (Group A) and ALE control 
(Group C) survived for the entire period of  study (i.e. 110 
± 2.12 d and more).

Effect of ALE on mean tumour cell count 
The effect of  the plant extract on mean tumour cell count 
is shown in Table 3. No tumour cell was detected on  
the animals for d 0. Viable tumour cells were observed 
from d 3/4. There was a gradual increase in cell count 
in tumour-bearing mice (Group B) from d 10 to d 30. 
Administration of  the ALE to the EAC-bearing mice 
(Group D) resulted in a gradual significant decrease
(P < 0.001) in the tumour-cell count from d 10 (37.91%) to 
d 30 (68.34%).

Effect of ALE on haematological indices
The total count (TC) of  RBC, WBC, haemoglobin percent 
(Hb%) and haematocrit (Htc) of  different groups of  mice 

are shown in Table 4. From the table it is evident that, 
the TC of  RBC gradually decreased from d 10 of  tumour 
transplantation in EAC-bearing mice (Group B) and this 
reduction continued beyond d 30 until the death of  the 
animals. Although the TC of  RBC started to decrease from 
d 10, it showed statistical signifi cance beyond d 10, i.e. on 
and from d 20 (P < 0.02) when compared to the normal 
vehicle control (Group A). Further reduction was observed 
on d 30 (P < 0.001) in the tumour-bearing animals. In the 
treatment group (group D), however, administration of  
ALE restored the TC of  RBC signifi cantly (P < 0.001 at d 
30) almost to the normal value, when compared to Group 
B (EAC control).

In case of  the TC of  WBC, the result was just reverse 
to that of  the TC of  RBC. The WBC content went on 
increasing signifi cantly (P < 0.001) in Group B since d 10 
of  tumour inoculation, when compared to the normal 
control (Group A). Administration of  the plant extract 
signifi cantly reduced the TC of  WBC (P < 0.001 at d 30) 
when compared to EAC control (Group B). Furthermore, 
the Hb% and Htc values were also decreased signifi cantly 
(P < 0.001 at d 30) in EAC-bearing mice compared to the 
normal control and restored to the normal level in Group 
D mice after administration of  the plant extract.

Effect of ALE on hepatic architecture 
Phenotypically altered hepatocyte populations were 
found scattered in the livers of  EAC-bearing mice (i.e. 
Groups B and D); but no such alterations were noticeable 
in untreated normal control (Group A; Figures 3A and 
B) or in the ALE control (Group C, Figure 3F). The 
HE- stained sections of  liver slices revealed extensive 
hepatocellular lesions that were clearly distinguishable 
from the non-nodular surrounding normal parenchyma 
(NNSP).

In Group B (Figures 3C-E), a g ross alterat ion 
in hepatocellular architecture with neoplastic focal 
lesions was observed and hepatocytes appeared oval or 
irregular in shape upon EAC inoculation after 20 d and 
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  0

Surviors (n = 20)
Group A (Normal control)
Group B (EAC control)
Group C (ALE control)
Group D (EAC + ALE)

Survival time (d) following tumour inoculation

Figure 2  Survival curve of all the four groups of mice.

Days following EAC 
cell inoculation

Group TC (RBC) (106/mm3) TC (WBC) (106/mm3) Hb (g%) Haematocrit (%)

  0         Normal control 7.3 ± 0.12 5.8 ± 0.23 12.6 ± 0.16 33.43 ± 0.16
        EAC control 7.2 ± 0.15 6.5 ± 0.52 12.0 ± 0.31 32.16 ± 0.27
        ALE control 7.3 ± 0.14 5.9 ± 0.22 12.5 ± 0.16 33.58 ± 0.25
        EAC + ALE 7.3 ± 0.13 6.2 ± 0.15 12.2 ± 0.27 33.11 ± 0.23

10         Normal control 7.4 ± 0.14 5.8 ± 0.63 12.6 ± 0.65 33.51 ± 0.32
        EAC control 6.6 ± 0.76                  10.4 ± 0.72b 10.0 ± 0.78a      25.74 ± 0.53c

        ALE control 7.6 ± 0.18 5.7 ± 0.55 12.8 ± 0.61 33.75 ± 0.35
        EAC + ALE 6.9 ± 0.53                    7.7 ± 0.68e 11.0 ± 0.49      29.08 ± 0.69d

20         Normal control 7.3 ± 0.54 5.7 ± 0.43 12.4 ± 0.78 33.46 ± 0.17
        EAC control                     5.1 ± 0.67a                  13.9 ± 0.56b    8.2 ± 0.92f      21.05 ± 0.26c

        ALE control 7.5 ± 0.51 5.7 ± 0.38 12.6 ± 0.73 33.71 ± 0.18
        EAC + ALE 6.7 ± 0.12                    7.9 ± 0.48d 11.5 ± 0.57h      28.87 ± 0.35d

30         Normal control 7.5 ± 0.14 5.8 ± 0.23 12.7 ± 0.84 33.49 ± 0.16
        EAC control                     4.3 ± 0.12b                  18.8 ± 0.54b     6.4 ± 0.93b 17.63 ± 0.72c

        ALE control 7.7 ± 0.13 5.7 ± 0.24 12.9 ± 0.76 33.65 ± 0.21
        EAC + ALE                     7.1 ± 0.13d                    8.4 ± 0.71d         12.1 ± 0.77d      30.23 ± 0.57d

Table 4  Changes in total count (TC), Hb level and haematocrit in different groups of mice treated with or without ALE

Abbreviations: ALE: Aqueous leaf extract of A. ilicifolius; EAC: Ehrlich ascites carcinoma; TC: Total count. Values represent mean ± SE (n = 10). aP < 0.02, bP < 0.001, 
cP < 0.05, and fP < 0.01 vs Normal control. dP < 0.001, eP < 0.02, and hP < 0.01 vs EAC control.
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30 d, with minimal histological changes being noticed 
after 10 d. The altered hepatocytes were found to be 
consistently enlarged with more than one nucleus, which 
were moreover largely vesiculated. They aggregated 
in clusters resulting in the appearance of  prominent 
basophilic focal lesions. Some nuclei in the cells were 

A

CV

B

C

E

CV
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Figure 3  Contiguous liver sections from mice showing hepatocellular histological profi les. A, B, F: Normal hepatocellular architecture depicting hepatocytes radiating 
from the central vein; C, D, E: Aberrant hepatocellular phenotype with prominent basophilic focal lesions (black arrows) and the presence of eosinophilic and clear cell foci 
following serial, intraperitoneal (ip) inoculations of viable Ehrlich ascites carcinoma (EAC) cells; G, H: Almost normal hepatocellular architecture following simultaneous ip 
administrations of aqueous leaf extract (ALE) of A. ilicifolius and EAC. A and B: Untreated Control; C, D, and E: EAC Control; F: ALE Control; G and H: EAC + ALE. CV: 
Central vein. Magnifi cation, A, C, and G: × 100; B, D, E, F, H: × 450.

large and hyperchromatic with clear and centrally located 
nucleoli (Figure 3D and E). Extensive vacuolation and 
necrosis were observed in the cytoplasm with masses of  
acidophilic (eosinophilic) material after 30 d. In contrast, 
the cellular architecture of  hepatic lobules seemed to 
be almost like that of  normal liver in Group D (Figures 
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3G and H) that received ALE treatment during the 
entire period of  study. Liver sections from this group 
presented only a few altered hepatic cell foci. The cells 
were generally fi lled with cytoplasmic material and were 
less vacuolated. The size of  the nuclei was essentially the 
same as that of  normal cells and cells with two nuclei 
were considerably fewer than in group B.

Effect of ALE on liver MT expression 
MT protein was detected in situ in the EAC-bearing 
l iver t issue of  mice (Group B) depicting a strong 
immunoexpression (Figures 4A and B). Generally, in 
sections (Figure 4B) with high MT-immunopositivity, the 
MT-positive cells formed contiguous foci or sheets and 
on some occasions isolated clusters of  positive cells were 

seen. Figure 4A showed an intense staining of  MT protein 
within the hepatic lesions indicating its focal expression. 
Semi-quantitative scoring of  MT-positive cells showed that, 
there was substantial elevation of  MT-immunoreactivity 
(P < 0.0001) (56.18% and 86.24% respectively at 20 and 
30 d post-EAC inoculation; Table not shown) in Group B 
mice when compared to the basal expression level in 
normal control mice (Group A). In contrast, sections from 
ALE-treated murine liver (Group D) showed reduced MT-
immunoreactivity [35.86% (P < 0.05) and 62.25% (P < 0.01) 
respectively at 20 and 30 d] with scattered MT-positive 
cells (Figure 4C). 

Effect of ALE on the frequencies of SCEs in EAC-bearing 
mice 
With transplantation of  EAC, there was a moderate 
induct ion (P < 0 .05) in mean SCE/cel l in EAC-
control mice (Group B) after 1 wk when compared to 
the untreated vehicle control (Group A) that showed 
spontaneous SCEs (2.89 ± 0.39) (Table 5). The induction 
showed steady increase (P < 0.02-0.001) in the frequency 
of  SCEs on and from wk 2 with the progression of  
tumour development as a function of  time and reached 
the peak (14.94 ± 2.14) prior to the death of  the EAC-
bearing animals at wk 5. In contrast, ALE administration 
to the EAC + ALE-treated mice offered a near complete 
inhibition of  SCEs during the early phases of  tumour 
growth. In this group, daily treatment with ALE resulted 
in a substantial decrement (P < 0.05-0.001) in the SCE 
frequency at all the time intervals (wk 2-5) when compared 
to EAC control animals at the same time points. Data of  
wk 2-5 showed 45.14%-65.73% reduction in SCE/cell 
from EAC + ALE-treated mice. As the mice from EAC 
control group died after wk 5, therefore, data obtained 
from the EAC + ALE-treatment group on and from wk 6 
were compared with the last available data from EAC 
control mice at wk 5. Results showed that there were 
downhill trends in the SCE frequency in the ALE-treated 
EAC-bearing animals (Group D) until their survival up to 
wk 12 (data not shown). However, no signifi cant difference 
between the normal control and ALE control in terms of  
SCE was noted. 

Weeks after tumour 
inoculation

Group Mean
SCE/cell

Reduction in
frequency (%)

1 EAC control 4.59 ± 0.57 -
EAC + ALE 3.62 ± 0.29 21.13

2 EAC control 6.89 ± 1.13 -
EAC + ALE   3.78 ± 0.78a 45.14

3 EAC control 7.83 ± 1.05 -
EAC + ALE   4.64 ± 0.54b  40.74

4 EAC control      10.26 ± 1.67 -
EAC + ALE   4.83 ± 0.69c 52.92

5 EAC control       14.94 ± 2.14 -
EAC + ALE   5.12 ± 1.16d 65.73

Table 5  Effect of ALE on sister-chromatid exchange (SCE)
frequencies (500 plates/group) in different groups of mice
killed at various time points

Abbreviations: ALE: Aqueous leaf extract of A. ilicifolius; EAC: Ehrlich 
ascites carcinoma. Values represent mean ± SE (n = 10). aP < 0.05, bP < 0.02, 
cP < 0.01, and dP < 0.001 vs EAC control.
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Figure 4  Light micrographs of tissue sections from murine liver (after 30 d of 
tumour transplantation) showing immunostaining of metallothionein (MT) with 
anti-rat MT-1 antibody and 3, 3'-diaminobenzidine tetrahydrochloride (DAB). A 
and B: Strong immunostaining of MT protein in EAC Control mice; C: Reduced 
immunostaining of MT in EAC + ALE-treatment mice. ALE: Aqueous leaf 
extract of A. ilicifolius; EAC: Ehrlich ascites carcinoma. Arrow Head ( ) indicates 
intense immunostaining of MT protein with prominent focal expression and 
isolated clusters of MT-positive cells. Arrow (↑) indicates scattered/individual MT 
immunopositive cells. Magnifi cation, A: × 100; B and C: × 270.



Effect of ALE on hepatic DNA damage 
The mean length to width (L:W) ratio of  the DNA mass, 
indicating the extent of  DNA damage, was increased 
in the EAC control group 5 d post-EAC inoculation 
in comparison with the untreated control (P < 0.0001; 
Figure 5A). There was also a significant increase in the 
frequency of  tailed DNA in EAC control mice compared 
to untreated control (P < 0.0001; Figure 5B). Treatment 
with ALE to the EAC-bearing hosts reduced the L:W ratio 
of  DNA mass (65.34% reduction; P < 0.01), and the mean 
frequency of  tailed DNA (53.59% reduction; P < 0.001) 
compared to that of  the EAC control group. 

Effect of ALE on hepatic SSBs  
The protective effect of  ALE on SSBs in EAC-bearing 
hosts 24 h and 5 d post-tumour transplantation is shown 
in Table 6. In EAC control mice, a significant increase 
(P < 0.001) in the number of  SSBs/DNA could be 
observed following EAC transplantation when compared 
to that of  normal control. The percentage of  DS-DNA 
and SS-DNA in EAC control mice was 79.57% and 
20.43%, suggesting that, the extent of  host DNA lesions 
only after 24 h of  tumour transplantation was not so 
severe. Moreover, the amount of  DS-DNA (88.23%) in 
the EAC + ALE-treated group was found to be markedly 
close to that of  normal control (94.75%); whereas, there 
was almost a 3-fold increase in SS-DNAs (82.79%) and 
a 4-fold decrease in DS-DNA (17.21%) in EAC control 
mice sacrificed 5 d post-tumour inoculation, than that 
of  the same group (SS-DNA 31.43%, and DS-DNA 
68.57%) being transplanted with tumours only 24 h prior 
to sacrifi ce. Treatment with ALE strictly abated (38.53%; 
P < 0.01) the generation of  SSBs/DNA fragment in EAC 
+ ALE-treated mice when compared to the EAC control. 
Moreover, there were no significant differences between 
normal control and ALE control in the percentage of  DS-
DNAs, suggesting that ALE apparently is non-genotoxic.

DISCUSSION
The present study showed that administrat ion of  
ALE reduced viable tumour cell count and brought 
about a marked increase in mean survival (average life-
span) of  tumour-bearing hosts, suggesting the tumour-
combating effi cacy of  the said extract under investigation. 

Fur ther more, ALE restored RBC count , Hb and 
Htc values, and reduced WBC count in EAC-bearing 
mice, thereby indicating its effectiveness in limiting 
haematological toxicity following tumour transplantation. 
There was substantial improvement in the hepatocellular 
architecture following daily administration of  ALE over 
EAC control mice. We further report here the potential 
role of  the ALE in controlling liver MT expression in 
mice. Finally, ALE treatment resulted in reduced SCEs 
and further prevented the generations of  ‘tailed’ DNAs, 
SS-DNAs and SSBs in EAC-bearing mice hepatocytes as 
demonstrated by the Comet assay and FADU. 

Analysis of  the haematological toxicity during tumour 
transplantation and its possible alteration by ALE was 
monitored using a battery of  haematological indices. 
Primarily, it resulted in an anemia probably due to severe 
red cell destruction, which was also reflected in the 
significantly lowered Htc value as compared to normal 
animals. The symptoms aggravated with time following 
tumour transplantation and the body weights of  the 
EAC-bearing mice increased due to the accumulation of  
haemorrhagous ascitic fluid within the peritoneal cavity. 
The chemopreventive effects of  the plant extract in 
reducing the severity of  anaemia through improvement 
of  RBC count and Htc value[20] not only maintained the 
normal body and organ weights of  tumour-bearing mice, 
but also may account for the increased survival of  the 
host as evident from our present fi ndings. Administration 
of  ALE further decreased viable tumour cell count 
in EAC-bearing animals. This may point toward the 
underlying chemopreventive potential of  the plant 
extract in vivo. Although the mechanistic insights into the 
chemoprevention of  the plant are unexplored, we may 
assume that ALE-mediated tumour cell apoptosis could be 
one possible pathway for the decreased number of  viable 
tumour cells that warrants further investigation. 

The beneficial effect of  the plant extract was also 
apparent in elevating the Hb level, which was otherwise 
decreased in EAC-control animals. The exact mechanism 
of  the ALE-mediated induction of  Hb level during 
tumour growth is not clear at the present moment. We 
may speculate that it might somehow infl uence the process 
of  haem synthesis, which may therefore account for the 
subsequent induction of  Hb level. Whatever may be 

Time following
EAC inoculation

Group DS-DNA 
 (%)

No. of SSBs/
DNA fragment

Inhibition
    (%)

24 h   Normal control 94.75 0.07 ± 0.01 ----
  EAC control 79.57  1.28 ± 0.22b ----
  ALE control 94.87 0.07 ± 0.02 ----
  EAC + ALE 88.23 1.14 ± 0.15 ----

5 d   Normal control 95.12  0.08 ± 0.03 ----
  EAC control 17.21     3.14 ± 0.31b ----
  ALE control 94.93      0.07 ± 0.3 ----
  EAC + ALE 55.83   1.93 ± 0.23d 38.53

Table 6  Effect of ALE on the generation of average number of
single-strand breaks (SSBs)/DNA fragment in murine liver 24 h 
and 5 d post-EAC transplantation

ALE: Aqueous leaf extract of A. ilicifolius; EAC: Ehrlich ascites carcinoma. 
Values represent mean ± SE (n = 10). bP < 0.001 vs Normal control; dP < 0.01 
vs EAC control.
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Figure 5  Effect of continuous treatment with ALE on DNA damage in the liver of 
mice 5 d post-EAC inoculation. A: Length:Width of DNA mass; B: Percentage of 
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fP < 0.001 EAC + ALE vs EAC Control. Abbreviations: ALE: Aqueous leaf extract of 
A. ilicifolius; EAC: Ehrlich ascites carcinoma.
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the mechanism, induction of  Hb by ALE, as observed 
herein, could have a broad implication with respect to the 
antitumour effi cacy of  the extract if  one considers the fact 
that high Hb level has been found to possess an inhibitory 
infl uence on tumour growth[20,21]. The data described herein 
showed a significant increase in total leukocyte count at 
different time intervals following tumour inoculation as 
compared to normal animals. Abnormal mitotic activity 
as evident from the appearance of  different forms of  
abnormal and aberrant neutrophils in large numbers was 
essentially observed in EAC-bearing hosts. Now, the role 
of  ALE in reducing the TC of  WBC in the treatment 
group could be infl uenced through a reversal of  lymphoid-
myeloid ratio. Thus, the stabilization of  leukocyte count 
with parallel retainments of  normal Hb level and Htc value 
in tumour-bearing animals by ALE may have a paramount 
importance in limiting hematological toxicity in hosts. 

The study further demonstrates an intense immuno-
staining of  MT in EAC-bearing liver tissue of  mice in 
comparison to that of  normal control. It is necessary to 
mention that the hyperbasophilic cells of  the hepatocellular 
lesions stained more intensely for MT compared to that 
of  the non-basophilic area of  the same tissue, suggesting 
that the hyperbasophilic proliferative lesions consisting 
of  rapidly proliferating cells may be considered to be 
the primary MT (-positive focal) expression zones. Up-
regulation of  MT expression in rapidly proliferating tissues 
appears to suggest its critical role in normal and neoplastic 
cell growth[13,22]. Treatment with ALE substantially 
reduced the expression of  MT in the precancerous lesions 
along with decreased MT immunoreactivity. The precise 
mechanism of  ALE-mediated down-regulation of  MT 
expression is not clear at the moment. However, it is 
assumed that the antioxidant property[4] of  A. ilicifolius may 
be involved in the elimination of  reactive metabolites from 
the host cells, thereby posing low oxidative stress to the 
hosts and limiting MT expression thereby. Thus, control 
of  liver MT expression, a cell-cycle dependent protein in 
EAC-transplanted mice by treatment with ALE might play 
an important role in controlling cell growth in vivo.

Inoculation of  the hosts with EAC may act as primary 
agents producing secondary DNA cleavage and are potent 
inducers of  chromosomal aberrations and SCEs[23]. Since 
a SCE represents the breakage of  four strands of  DNA 
(two double helices), a switch of  these strands between 
chromatids of  the same chromosome and the rejoining 
of  these strands in their new location, it is important to 
know whether the breakage and rejoining events occur 
faithfully, that is without producing any modification 
in the genetic code. In early experiments using Chinese 
hamster cells in culture, it was found that the induction 
of  SCEs was linearly related to the increase in single gene 
mutations when the cells were exposed to chemicals, 
each of  which differed in the type of  lesion produced in 
DNA[23,24]. Reports indicate that antioxidants suppress 
clastogenicity, and thus, many antioxidants are even 
anticarcinogens[25,26]. Studies have shown that A ilicifolius 
possesses antioxidant properties[4], and may therefore be 
effective in combating oxidative stress following tumour 
transplantation. In our present study, ALE-mediated 
suppression of  SCEs indicates its anticlastogenicity and 
chemoprotection thereby. The decreased occurrence of  

SCEs may indirectly be related to increased cell survival or 
host’s anti-cancer surveillance, since studies in search of  a 
relationship between SCE induction and other expressions 
of  genotoxicity have shown a positive relationship between 
SCEs and reduced cell survival.

DNA damage in the form of  SSBs may play an essential 
role in the pathogenesis of  neoplasia. The SSBs detected 
herein by the Comet assay and FADU can be converted 
to double-strand DNA breaks (DSBs) upon replication. 
DSBs are a highly deleterious form of  DNA damage, since 
they lead to mitotic cell death or mutations[27]. DNA DSBs 
are generated when the two complementary strands of  the 
DNA double helix are broken simultaneously at sites that 
are suffi ciently close to one another that base-pairing and 
chromatin structure are insuffi cient to keep the two DNA 
ends juxtaposed. As a consequence, the two DNA ends 
generated by a DSB may become physically dissociated 
from one another, resulting in error-prone repair and 
providing the opportunity for inappropriate recombination 
with other sites in the genome. Error-prone/inaccurate 
repair or lack of  repair of  DSBs may lead to mutations 
or to larger-scale chromosomal aberrations and genomic 
instability[28,29]. In addition, mutations in many of  the 
factors involved in DSB signaling and repair lead to 
increased predisposition to cancer in humans and in animal 
models[30]. In the present study, ALE treatment resulted in 
a substantial decrease in the amount of  SS-DNAs, SSBs, 
‘tailed’ DNA and DNA ‘comets’ in the tumour-bearing 
murine livers.  This reduction in DNA damage refl ects the 
potential of  the ALE to reduce the genotoxicity caused 
by EAC in host cells. The exact mechanism of  action of  
the ALE in limiting DNA damage warrants a more robust 
investigation. 

In conclusion, the results of  our study clearly indicate 
that the ALE of  A ilicifolius is able to inhibit the survival 
and proliferation of  EAC cells in laboratory mice, and this 
observation is potentially useful in medical oncology. Our 
data show that, ALE treatment is benefi cial in increasing 
the mean survival of  the animals, in remodeling of  the 
liver lesions and in limiting clastogenicity and genotoxicity 
in vivo. Although this study is at its preliminary stage, the 
results are promising. Future studies are planned in our 
laboratory to isolate and characterize the active fractions/
principles of  the plant and to elucidate the mechanistic 
basis of  chemoprevention in a defi ned chemical carcino-
genesis model. 
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 COMMENTS
Background 
Herbal preparations/natural plant products constitute an important component of 
indigenous/traditional medicines. Herbs certainly have been an important source 
of many allopathic medicines. However, the way herbs are used in indigenous 
medical system is not supported by strong preclinical data with insights into the 
biological/pharmacological mechanisms. Ehrlich ascites carcinoma (EAC) is a 
strain-specific, rapidly proliferating transplantable epithelial tumour in mouse 
in which the neoplastic cells multiply and ascites fluid accumulates within the 
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peritoneal cavity of the host and ultimately the host dies. Inhibition of the growth 
and proliferation of EAC cells by administration of plant products would be a safe 
and effective treatment strategy.

Research frontiers
The most significant approach to cancer chemoprevention seems to be the 
administration of chemopreventive agents in order to inhibit the pathogenesis of 
cancer or to delay or halt or limit the progression of neoplastic transformation. 
With the increasing trend in the incidence of cancers in our country, biomedical 
research directed at early detection and diagnosis, prognosis and survival as well 
as prevention of progression of malignancy is of prime importance. Since India 
is a rich source of indigenous herbs and several studies have reported potential 
therapeutic/chemopreventive utilities of these medicinal herbs, it is therefore of 
great importance for us to explore the chemopreventive efficacy of an Indian 
medicinal plant Acanthus ilicifolius in preventing DNA damage in an EAC model in 
mice.

Innovations and breakthroughs 
In this paper, the primary chemopreventive mechanisms of the plant Acanthus 
ilicifolius have been investigated in an in vivo EAC model in Swiss albino mice. 
In contrast to meager previous reports demonstrating analgesic and antioxidant 
properties of the plant, the results of the present study clearly showed that, 
the aqueous leaf extract (ALE) was quite effective in preventing hepatic DNA 
alterations and sister-chromatid exchanges in EAC-transplanted murines. Our 
study further showed that ALE treatment was able to limit liver metallothionein 
expression, a potential marker for cell proliferation and increased the mean 
survival of animals to a signifi cant extent. Results indicate that A ilicifolius could be 
used as a potential chemoprotector against neoplasia. 

Applications 
This study opens up a promising avenue in cancer chemoprevention with 
indigenous plants. Lack of toxicity favours further preclinical evaluation of 
A ilicifolius in a defined chemical carcinogenesis model. Elucidation of its 
mechanisms of action at the intricate molecular circuits, and isolation and 
characterization of the active principles, will provide a better understanding of the 
treatment strategy, and we would have the beginning of a new chemoprevention 
programme that could have a broader implication for the well-being of the society. 

Peer review
In this experimental study, the authors showed the importance of Acanthus 
ilicifolius plant extract as chemoprotector on EAC-bearing murine model. 
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Abstract
AIM: To elucidate the preferences of gastroenterologists 
at our institution and compare them to those of 
obstetricians when making decisions in the pregnant 
patient, including which type of bowel preparations to 
use for fl exible sigmoidoscopy or colonoscopy, as well as 
which laxatives can be used safely.

METHODS: Surveys were mailed to all attending 
gastroenterologists (n  = 53) and obstetricians (n  = 99) 
at our institution. Each survey consisted of the 14 most 
common laxative or motility agents used in pregnancy 
and inquired about the physician’s prescribing habits in 
the past as well as their willingness to prescribe each 
medication in the future. The survey also listed four 
common bowel preparations used prior to colonoscopy 
and sigmoidoscopy and asked the physician to rank the 
order of the preferred agent in each case.

RESULTS: With regard to common laxatives, both 
gastroenterologists and obstetricians favor the use of 
Metamucil, Colace, and Citrucel. Both groups appear 
to refrain from using Fleets Phosphosoda and Castor 
oil. Of note, obstetricians are less inclined to use 
PEG solution and Miralax, which is not the case with 
gastroenterologists. In terms of comparing bowel 
preparations for colonoscopy, 50% of gastroenterologists 
prefer to use PEG solution and 50% avoid the use of 
Fleets Phosphosoda. Obstetricians seem to prefer Fleets 
Phosphosoda (20%) and tend to avoid the use of PEG 
solution (26%). With regard to bowel preparation for 
sigmoidoscopy, both groups prefer Fleets enema the 
most (51%), while magnesium citrate is used least often 
(38%).

CONCLUSION: It is clear that preferences in the use of 

bowel cleansing preparations between the two groups 
exist, but there have not been many case controlled 
human studies in the pregnant patient that give clear cut 
indications for using one versus  another drug. In light of 
the challenge of performing controlled trials in pregnant 
women, more extensive surveys should be undertaken 
to gather a larger amount of data on physicians’ 
experiences and individual preferences. 

© 2007 WJG. All rights reserved.

Key words: Laxative; Pregnancy; Colonoscopy; Sig-
moidoscopy; Gastroenterologists; Obstetricians

Vinod J, Bonheur J, Korelitz BI, Panagopoulos G. Choice of 
laxatives and colonoscopic preparation in pregnant patients 
from the viewpoint of obstetricians and gastroenterologists. 
World J Gastroenterol 2007; 13(48): 6549-6552

 http://www.wjgnet.com/1007-9327/13/6549.asp

INTRODUCTION
There is a degree of  apprehension when it comes to 
altering medical care in pregnant female patients. On some 
occasions pregnant women will require colonoscopic 
evaluation and the clinician will be faced with a decision 
on what type of  bowel preparation to use for flexible 
sigmoidoscopy or colonoscopy. Also, constipation is a 
common problem faced by many women during the course 
of  pregnancy and a choice of  laxatives must be made 
by the physician. Given the numerous pharmacological 
choices available and the lack of  data in the medical 
literature, these decisions are not always easy to make.

When consider ing endoscopy in the pregnant 
patient, the physician must balance the safety concerns 
of  both mother and fetus against the relative value of  
the information obtained or the diagnostic procedure 
performed[1]. All avai lable evidence suggests that 
sigmoidoscopy is safe during pregnancy and the indications 
include rectal bleeding, chronic diarrhea, abdominal 
pain, and rectal pain[2]. Guidelines for colonoscopy in 
pregnancy are not readily available due to insuffi cient data, 
although studies which have been done demonstrate safety 
and efficacy of  the procedure provided that obstetrical 
consultation and close monitoring take place. Colonoscopy 
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is indicated for suspected colon cancer, uncontrolled severe 
hemorrhage, or when necessary before colonic surgery[3] in 
pregnant women as well as the general population.

After the indications for an endoscopic procedure 
are established, the next question becomes which bowel 
preparation to use. Developing guidelines for this poses 
unique challenges since there are few controlled trials 
that include pregnant patients. However, there is some 
information available regarding the effi cacy of  agents such 
as tap water enemas, castor oil, polyethylene glycol (PEG) 
solution, magnesium citrate, senna, bisacodyl, docusate, 
and phosphosoda[4,5]. The purpose of  this study was to 
elucidate the preferences of  gastroenterologists at our 
institution and compare them to those of  obstetricians 
when making such decisions.

MATERIALS AND METHODS
After obtaining IRB approval, surveys were mailed to all 
attending gastroenterologists (n = 53) and obstetricians 
(n = 99) at our institution. Each survey consisted of  
the 14 most common laxative or motility agents used in 
pregnancy and inquired about the physician’s prescribing 
habits in the past as well as their willingness to prescribe 
each medication in the future. The survey also listed four 
common bowel preparations used prior to colonoscopy 
and sigmoidoscopy and asked the physician to rank the 
order of  the preferred agent in each case. Descriptive 
statistics were computed using SPSS Version 14.0. (SPSS 
Inc. Chicago, Illinois). Valid percentages were used in 
order to account for those surveys that were incomplete. 
Ut i l iz ing Fisher ’s Exact Test , the propor t ion of  
gastroenterologists who would prescribe the listed laxatives 
was compared to the proportion of  obstetricians who 
also indicated they would prescribe. P < 0.5 was a priori 
considered to indicate statistical signifi cance.

RESULTS
Seventy five surveys were returned making the total 
response rate nearly 50% (53% of  gastroenterologists and 
47% of  obstetricians). Among gastroenterologists, 96% 
of  respondents were male and 4% female, while 55% 
of  obstetricians were male and 45% female. The mean 
number of  years in practice between both groups was 19 
± 11 years and the mean physician age was 41 ± 22 years.

With regard to the common laxatives, the overwhelming 
majority of  gastroenterologists were inclined to prescribe 
Metamucil (psyllium), Citrucel (methylcellulose), and 
Colace (docusate). Some had a preference for using 
glycerin suppositories, Fleets enemas (sodium phosphate 
enemas), tap water enemas, and Miralax (PEG 3350), 
although not as often as the agents above. Meanwhile, 
most gastroenterologists are reluctant to prescribe Fleets 
Phosphosoda (oral sodium phosphate), castor oil, and oral 
Dulcolax (bisacodyl). Table 1 presents the exact percentages 
as described above.

The vast majority of  obstetricians favor the use of  
Colace, Metamucil, and glycerin suppositories. They 
also prefer to use Citrucel, Fleets enemas, Dulcolax 

suppositories, and tap water enemas, although not as often 
as those listed above. The majority of  obstetricians are 
less inclined to use PEG solution, Mineral oil, and Fleets 
Phosphosoda. Table 1 presents the exact percentages as 
described above.

As seen in Table 1, it is evident that both gastro-
enterologists and obstetricians favor the use of  Metamucil 
(P = 1.00), Colace (P = 0.293), and Citrucel (P = 0.164). 
Both g roups appear to refra in from using Fleets 
phosphosoda (P = 0.051) and Castor oil (P = 0.402). Of  
note, obstetricians are less inclined to use PEG solution 
(P = 0.001), Miralax (P = 0.000), and tap water enema 
(P = 0.046), which is not the case with gastroenterologists.

In terms of  comparing bowel preparations for 
colonoscopy, it is apparent that 50% of  gastroenterologists 
prefer to use PEG solution and 50% avoid the use 
of  Fleets Phosphosoda. Obstetricians seem to prefer 
Fleets Phosphosoda (20%) and tend to avoid the use 
of  PEG solution (26%), which is the exact opposite as 
gastroenterologists. With regard to bowel preparation for 
sigmoidoscopy, the preferences between gastroenterologists 
and obstetricians appear to be quite similar. Both groups 
prefer Fleets enema the most (51%), while magnesium 
citrate is used least often (38%).

DISCUSSION
Several conclusions can be drawn from the results of  
this physician survey. Both groups commonly prescribe 
Metamucil, Citrucel, and Colace. All are frequently used 
bulk-producing medications that carry low pregnancy 
risk factors and are without reported complications[6]. 
The overall frequency of  PEG solution being used 
is much higher with gastroenterologists. Studies have 
shown that the systemic absorption of  PEG is minimal 
and the problems with abdominal bloating and gas are 
less common as compared to other osmotic laxatives[5]. 
Another similarity common to both groups is the 
avoidance of  phosphosoda preparations. This may be 
related to the fact that in published studies, newborns 
were shown to manifest bone demineralization and 
bone growth failure because of  maternal phosphate 
overload[10], although a one time use in pregnancy has 
not shown to be detrimental. Another consideration 
when using phosphosoda preparations is the risk of  
phosphate nephropathy[12], which has been reported in 
select cases. 

The overall majority of  the available laxatives are 
without documented side effects; however castor oil carries 
an absolute contraindication for use in pregnancy (risk 
factor X) because it has been linked to uterine rupture[7]. 
Mineral Oil has also been associated with adverse effects 
during pregnancy and should be avoided because it can 
impair maternal fat soluble vitamin absorption, leading to 
neonatal coagulopathy and hemorrhage[8]. From the results 
above it appears to be generally avoided in both groups, 
but significantly more so among obstetricians. Another 
apparent difference is the prescribing of  tap water enemas 
in both groups. Obstetricians seem more reluctant to 
prescribe it perhaps due to the possible induction of  labor 
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with the use of  a rectal enema, although it has been shown 
to be quite safe in the pregnant patient[3].

Another explanation for the differences between 
the two groups may also be due to preexisting medical 
conditions in the pregnant patient such as Crohn’s disease, 
which is exacerbated by various medications seen more 
frequently by gastroenterologists. Such exacerbations may 
adversely affect the pregnancy[11], although there is no 
established link with the 14 common laxatives to Crohn’s 
disease exacerbation.

Regarding preparation for colonoscopy, gastro-
enterologists favor PEG solution, while there appears to be 
more hesitation among obstetricians. It is unclear whether 
this is because gastroenterologists have greater experience 
in its use or simply because data is lacking regarding the 
safety of  medications for colonoscopy and pregnancy. For 
fl exible sigmoidoscopies, both groups favor Fleets enemas, 
although it has been shown that tap water enemas appear 
to be the safest option, even if  not as effective, particularly 
during the fi rst trimester[9].

In conclusion, it is clear that preferences in the use 
of  bowel cleansing preparations between the two groups 
exist, but there have not been many case controlled 
human studies in the pregnant patient that give clear cut 
indications for using one versus another drug. Therefore, 
it seems logical that both groups favor medications 
that seem to respond best with the majority of  patients 
without causing harm or compromising the pregnancy. 
In light of  the challenge of  performing controlled trials 
in pregnant women, more extensive surveys should 
be undertaken to gather a larger amount of  data on 
physicians’ experiences and individual preferences. 
Perhaps this will provide a clearer understanding of  
which laxatives and purgatives are optimal to use during 
pregnancy.

 COMMENTS 
Background 
Prescribing medications to the pregnant patient can be challenging. The purpose 
of the research study was to gain an understanding of the different practices used 
by obstetricians and gastroenterologists when prescribing laxatives and using 

bowel preparations for colonoscopy and sigmoidoscopy.

Research frontiers 
There have not been many case controlled human studies in the pregnant patient, 
therefore surveys were used to gather data on physician prescribing habits.

Innovations and breakthroughs
Due to limited research in the pregnant patient, the majority of articles point toward 
individual physician preference and patient response when prescribing a particular 
medication.

Applications
In light of the challenge of performing controlled trials in the pregnant patient, more 
extensive surveys should be undertaken to gather a larger amount of data on 
physicians’ experiences and individual preferences.

Peer review
This paper is well written and covers an important clinical area. This is an 
interesting manuscript on the preference of laxatives and colonoscopic preparation 
in pregnancy of obstetricians and gastroenterologists.
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Abstract
AIM: To improve the results of New therapeutic 
strategies in hepatocellular carcinoma (HCC). We have 
conducted a phase Ⅱ study with pegylated liposomal 
doxorubicin (PLD), 5-fl uorouracil (5FU) and folinic acid 
(FA).

METHODS: Thirty-one patients with hystologically-
confirmed, inoperable HCC, received combination 
chemotherapy with PLD 25 mg/mq on d 1, 5FU 
1200 mg/mq in 48 h continuous infusion, and oral FA
30 mg on d 1 and 2 every 3 wk until disease progression 
or intolerable toxicity.

RESULTS: The median age was 65 years (range 41-82) 
and 28 patients were hepatitis C virus seropositive (90%). 
The majority of patients were Child-Pugh Class B (55%). 
Two patients showed a partial response (PR), and 16 had 
stable disease (SD). With a median follow-up of 14 mo, 
the median time to progression of all evaluable patients 
was 4 mo (95% CI 1.7-7). Median overall survival was 
9 mo (95% CI 3-24 mo). After 1 year, 9 of 18 PR/SD 
patients were alive. Chemotherapy was well tolerated.

CONCLUSION: PLD/FU/FA combinat ion seems 
capable of achieving durable stabilization of HCC. The 
manageable toxicity supports a role for combination with 
other anticancer agents.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Upward trends in incidence or mortality of  hepatocellular 
carcinoma (HCC) have been reported in the United States, 
Japan and several European countries, including Italy, 
over the last two or three decades. This increase has been 
chiefl y attributed to the spread of  hepatitis C virus (HCV), 
which occurred earlier in Japan and Southern Europe than 
in the United States[1]. 

Surgical resection and liver transplantation are 
considered the only cures for HCC, but benefi t only about 
15% of  patients[2]. Patients with unresectable or metastatic 
disease have a median survival of  a few months[3]. 

It is estimated that about 60% of  all patients with 
HCC have underlying chirrosis. In some patients, chirrosis 
associated with portal hypertension and thrombocytopenia 
makes systemic chemotherapy extremely difficult and 
contributes to the poor prognosis associated with HCC[4]. 

Free doxorubicin has been shown to be superior to 
symptomatic treatment of  HCC[5], although a meta-analysis 
has revealed no effi cacy of  free doxorubicin for treatment 
of  HCC[6]. Pegylated liposomal doxorubicin (PLD) is 
a novel formulation with markedly delayed clearance, 
decreased volume of  distribution, and accumulation of  
the drug in malignant tissues, which results in both higher 
therapeutic efficacy and reduced toxicity[7]. A number of  
studies have shown, at best, response rates of  10%-17%, 
with different schedules and a well-tolerated profi le[8-10].

5-Fluorouracil (5FU) has demonstrated a modest 
response rate in HCC[11]. There are no published studies 
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with combination of  PLD and 5FU in HCC. Also, if  
both drugs show poor activity when used alone, it can be 
expected that activity will be better when they are used in 
combination.

We planned a phase Ⅱ study of  PLD, 5FU and FA in 
patients with inoperable HCC. Our schedule was based on 
a previous phaseⅠstudy in upper gastrointestinal cancer[12].

MATERIALS AND METHODS
Patients
Patients who were referred to two Italian Departments 
of  Medical Oncology (Cotugno Hospital and Federico 
Ⅱ University, Naples) because of  their metastatic and/or 
recurrent HCC were considered eligible for study entry. 
Main eligibility criteria are shown in Table 1. Patients were 
required to have histologically confirmed HCC, WHO 
Performance Status < 2, Stage Ⅲ or Ⅳ, Child-Pugh 
class A or B, and no prior systemic chemotherapy. Other 
inclusion criteria included an absolute neutrophil count 
of  at least 1500 cells per cubic millimeter and/or at least 
100 000 cells per cubic millimeter, adequate renal (serum 
creatinine level < 2 mg/dL) and cardiac (left ventricular 
ejection fraction > 50% by echocardiography) function, 
and signed written informed consent. The study protocol 
was reviewed and approved by institutional review board. 

Treatment
Patients receive PLD (Caelyx; Schering-Plough, Milan, 
Italy) 25 mg/mq in 500 mL 5% dextrose i.v. over 1 h 
on d 1. 5FU (Teva Pharma Italia S.r.L., Milan, Italy) 
1200 mg/mq was administered for 48 h continuous 
infusion, and oral FA (Folaren; Ist. Chim. Inter., Rende, 
Rome, Italy) 30 mg d 1 and 2. Each cycle was given 
every 3 wk. All patients received a standard supportive 
regimen consisting of  hydration and antiemetics. No 
prophylactic administration of  hematopoietic growth 
factors was allowed. Treatment was repeated until 
disease progression or unacceptable toxicity. Retreatment 
occurred upon recovery of  platelets to > 100 000 cells 
per cubic millimeter, neutrophil count of  at least 1500 
cells per cubic millimeter and skin toxicity or stomatitis 
to grade ≤ 1. A 25% dose reduction was permitted for 
delayed recovery from toxicity of  grade ≥ 2. Patients 
were withdrawn from the study if  grade 3-4 hematologic 
toxicity persisted for more than 2 wk.

Response and toxicity evaluation
Baseline examinations were: complete history and 
examination, electrocardiography, echocardiography, 
complete blood count, serum alphafetoprotein, weighted 
magnetic resonance imaging (MRI) of  the liver, abdominal 
ultrasound, and chest X-ray. If  MRI was not feasible, 
computed tomography was used. Response and toxicity 
were evaluated every three cycles.

The following WHO criteria were used: (1) a complete 
response (CR) was defined as the disappearance of  all 
radiological and clinical evidence of  tumor, and the 
absence of  all tumor-related symptoms for at least 
4 wk; (2) a partial response (PR) was defi ned as a decrease 

of  ≥ 50% in the product of  the largest perpendicular 
dimensions of  measurable tumors, measured at least 4 wk 
apart; (3) stable disease (SD) was defi ned as no signifi cant 
change in radiologic tumor measurements, without 
worsening in performance status; and (4) progressive 
disease (PD) was defined as a decline in performance 
status, the appearance of  new malignant lesions, and an 
increase of  ≥ 25% in measurable disease. Toxicity was 
based on the National Cancer Institute Common Toxicity 
Criteria version 2.

Statistical analysis
The primary end-point was the response rate and the 
secondary measures were survival and time to progression. 
Sample size was calculated to reject a 10% response rate in 
favor of  a target response rate of  30%, with a signifi cance 
level of  0.05 and a power of  80% by using Simon’s optimal 
two-stage design[13]. In the initial stage, a total of  10 
evaluable patients were entered and evaluated for response. 
If  more than one response were observed in the fi rst stage, 
then 21 additional patients were entered in the second 
stage to achieve a sample size of  31 evaluable patients. 
Survival rates and time to progression were assessed by the 
Kaplan-Meier method. All P values were two-sided, with P 
< 0.05 indicating statistical signifi cance.

RESULTS
A total of  31 patients were included in the study between 
March 2004 and December 2006. Patient characteristics 
are summarized in Table 2. The median age was 65 years 
(range 41-82), and 14 and 17 patients were Child-Pugh 
class A and B, respectively. The majority of  patients 
(20) had received prior antitumor therapy. The most 
common previous treatment for HCC was transarterial 
chemoembolization, which was received by 15 of  31 
patients. Twenty-eight patients were HCV seropositive  and 
22 showed an alphafetoprotein (AFP) level at the upper 
limit of  normal. Fifteen and 16 patients were in stage ⅢC 
and Ⅳ, respectively, according to the TNM system.

Treatment outcomes
The results are shown in Table 3. Two PR were obtained, 
and 16 had SD. Sixteen and 8 patients received 6 and 8 
treatment cycles, respectively, while 2 were treated with 
10 cycles. Among the 16 patients with SD, we observed 
8 each in Child-Pugh A and B class. No differences in 
PR/SD were noted between patients who were pretreated 

Table 1  Main eligibility criteria

Age < 85 yr
WHO performance status 0 or 1
Histologically confi rmed HCC
Stage Ⅲ-Ⅳ
No prior systemic chemotherapy
Child-Pugh A or B
Complete history of the patient (including previous treatment)
Informed consent
Normal hematologic, renal and cardiac functions
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and those who were not, such as those in stage ⅢC and 
Ⅳ. With a median follow-up of  14 mo, the median time 
to progression of  all evaluable patients was 4 mo (95% 
CI 1.7-7). Median overall survival was 9 mo (95% CI 
3-24 mo). Among 18 responder/SD patients, 9 (50%) 
were alive at 12 mo, while at the same time, none of  the 
PD patients were alive (P < 0.05). One responder who 
received 10 cycles of  chemotherapy was alive at 24 mo. 
Of  31 evaluable patients, 16 (52%) showed a > 50% 
decrease in serum AFP from baseline. Among 13 patients 
with PD, 5 progressed to Child-Pugh C class. After 
disease progression, 6 patients had salvage treatment with 
platinum compound or thalidomide, while 25 patients 
received only supportive care.

Safety 
In total, 130 cycles of  chemotherapy were administered, 
with a median of  6 cycles (range 2-10), and 13 of  the 
planned cycles were delayed because of  toxic effects. Dose 
reduction was required in 20 cycles. All eligible patients 
were evaluable for toxic effects (Table 4). The most 
frequent toxic effects were neutropenia grade 1-2 and 
oral stomatitis in 7 patients each. These effects were well 
managed and did not require treatment discontinuation. 
Grade 3-4 anemia, neutropenia and thrombocytopenia 
were observed in 2, 3 and 2 patients, respectively. These 
side effects required hematopoietic growth factors and 
red-cell transfusion during the treatment. Hand-foot skin 
rash occurred in 5 patients and was limited to low-grade 
intensity.

DISCUSSION
There is no consensus on the treatment of  patients 
with advanced-stage HCC. Locoregional approaches 
(embol iza t ion ,  in t ra-ar ter ia l  chemotherapy and 
chemoembolization) and systemic treatments have offered 
marginal survival benefit in most clinical trials[14]. The 
overall response rate to systemic chemotherapy is generally 
< 10%[15], probably owing to the strong multidrug-
resistance gene expression that is usually observed in 
this setting[16]. Doxorubicin has been widely evaluated 
in patients with advanced stage HCC, either alone or in 
combination. The combination of  cisplatin, doxorubicin, 
5FU and alpha-interferon (PIAF) has been assessed 
in 50 patients. The overall response rate was 26%, but 
considerable hematological toxicity and 2 treatment-
related deaths occurred[17]. There was an expectation that 
doxorubicin effi cacy would be enhanced with the better-
tolerated PLD formulation[18].

A number of  studies have shown, with different 
doses and schedules, at best, response rates of  10%-17% 
with PLD alone[8-10]. Two other studies have revealed 
no response, and with a median survival of  20 wk, the 
authors concluded that PLD was ineffective[19,20]. Based on 
a median survival of  1 year, Schmidinger et al[9] concluded 
that PLD warrented further study; however, Ruff  et al[8] 
achieved a median survival of  only 5.3 mo. 

5-fluorouracil has been used alone in HCC, with 
modest activity[11]. In an attempt to achieve better 
effectiveness we have combined PLD and 5FU. To date, 
there have been no published studies with PLD and 

Table 2  Patient characteristics

   No. of patients 31
   Male 26
   Female   5
Median age (range) 65 (41-82) yr
WHO performance status
   0 12
   1 19
Positive hepatitis status 
   Hepatitis B   3
   Hepatitis C 28
AFP > ULN
   Yes 22
   No   9
Child–Pugh status
   A 14
   B 17
Disease stage at  study entry (TNM)
   Ⅲ C 15
   Ⅳ 16
Grading (AJCC) at initial diagnosis
   Well-differentiated 15
   Moderately-well-differentiated 10
   Poorly differentiated   6
Prior treatment
   Chemoembolization 15
   Local alcholization   6
   Local radiofrequency   5
   None 10

Data are expressed as median (range) or n .  WHO: World Health 
Organization. ULN: Upper limit of normal; AJCC: American Joint Committee 
on Cancer.

Table 3  Responses and survival rates (n  = 31)

Response after three cycles No. of patients (%)
   PR   2 (6.5)
   SD 16 (51.5)
   Progression 13 (42)
Median progression-free survival (95% CI)   4 (1.7-7) mo
Overall survival rate 
     6 mo 21 (68)
   12 mo   9 (29)
   24 mo   1 (0.3)
Survival rate in 
PR or SD patients (n = 18) 
     6 mo 15 (83)
   12 mo   9 (50)
   24 mo   1 (0.56)

Table 4  Reported toxicity by 31 patients n  (%)

Toxicity Grade 1-2 Grade 3-4
Neutropenia 7 (22.5) 3 (10)
Anemia 8 (26) 2 (6.5)
Thrombocytopenia 5 (16) 2 (6.5)
Oral stomatitis 7 (22.5) 1 (3)
Nausea/vomiting 3 (10) 2 (6.5)
Diarrhea 3 (10) 1 (3)
Hand-foot syndrome 5 (16) 0
Hepatic dysfunction 3 (10) 0
Peripheral neuropathy 3 (10) 0
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5FU in HCC. We chose to use PLD 25 mg/mq and 
5FU 1200 mg/mq every 3 wk since we considered, as 
a result of  a previous phaseⅠstudy[12], that these doses 
would be well tolerated. In our trial, the combination of  
PLD, 5FU and FA was well tolerated, and we achieved 
an overall response rate of  6.5%. However, despite the 
modest overall response rate, we observed SD in > 50% 
of  patients. This information is encouraging, and PLD/
FU/FA combination seems capable of  achieving durable 
stabilization of  HCC.

Median time to progression was 4 mo, which is longer 
than that in other PLD studies, such as those by Valle et al 
and Halm et al[19,21]. Median overall survival was 9 mo and 
was shorter than that in the study by Schmidinger et al[9], 
but longer than that in previous PLD studies[8,10,19,21].

Among 18 responder/SD patients, nine (50%) were 
alive at 12 mo, while at the same time, none of  those 
with PD was alive (P < 0.05). Our SD rate (50%) was 
higher than that in the studies by Valle et al and Halm 
et al. Our study showed better results than those in a 
recent study by Poh et al, which showed no objective 
response after treatment with combined PLD and 5FU 
analogue (capecitabine)[22]. Higher PR and SD rates, and 
longer survival were observed by Louafi et al[23]. Thirty-
four patients have been treated with gemcitabine plus 
oxaliplatin (GEMOX). The overall response rate was 18% 
and SD was observed in 58% of  patients. Median overall 
survival was 11.5 mo. 

However, these differences could have been due to 
different selection criteria. The GEMOX trial included 
few Child-Pugh Class B and pretreated patients compared 
to our study. It should be kept in mind that the degree of  
cirrhosis in our patients was not only limited to Child-Pugh 
class A but also Class B patients. In our trial, the majority 
of  patients were Class B. Other studies have not included 
Class B patients[24], have not indicated whether they include 
Class B patients[21], or if  this class was included, it was in 
the minority[19,23]. This point strengthens our results. In 
the past 15 years, about 10 new chemotherapeutic agents 
have become available, which has led to major advances 
in the medical treatment of  several gastrointestinal tract 
cancers, such as colon adenocarcinoma. However, recent 
clinical trials of  the taxanes irinotecan and topotecan have 
all given disappointing results for HCC[25-27]. New targeted 
antitumoral therapies have been tested in HCC patients 
over the past 2 years. Preliminary results of  a phase Ⅲ 
randomized trial have shown that fi rst-line treatment with 
sorafenib improves survival in HCC when compared to 
placebo[28].

In conclusion, a major limit of  our study was that 
it was a small phase Ⅱ study; however, we believe that 
the results, especially in terms of  long-term disease 
stabilization, merit further evaluation. For example, 
it would be interesting to carry out additional clinical 
studies that involve novel targeted agents in combination 
with cytotoxic agents such as PLD and FUFA. One of  
the next steps will be to combine this schedule with 
biological agents in HCC, such as bortezomib, since 
synergy between bortezomib and anthracyclines has been 
observed[29].

 COMMENTS
Background
There is no consensus on the treatment of patients with advanced-stage 
HCC. Locoregional approaches (embolization, intra-arterial chemotherapy and 
chemoembolization) and systemic treatments have offered a marginal survival 
benefi t in most clinical trials.

Research frontiers
The overall response rate to systemic chemotherapy is generally < 10%, probably 
owing to the strong multidrug-resistance gene expression that is usually observed 
in this setting.

Related publications
A number of studies have shown, with different doses and schedules, at best, 
response rates of 10%-17% with PLD alone. 5FU has been used alone in HCC, 
with modest activity.

Innovations and breakthroughs
In an attempt to achieve better effectiveness, we combined PLD and 5FU. To 
date, there have been no published studies with PLD and 5FU in HCC. In our trial, 
combination of PLD, 5FU and FA was well tolerated, and we achieved an overall 
response rate of 6.5%. However, despite the modest overall response rate, we 
observed SD in > 50% of patients. Our SD rate is higher than that in the studies of 
Valle et al and Halm et al. Median time to progression was 4 mo, which is higher 
than that in other PLD studies. 

Applications 
It should be kept in mind that the degree of cirrhosis of our patients was not only 
limited to Child-Pugh class A but also Class B patients. In our trial, the majority 
of patients were Class B. Other studies did not include Class B patients, did not 
indicate whether they included Class B patients, or if this class was included, it 
was in the minority. This point strengthens our results. We believe that our results, 
especially in terms of long-term disease stabilization, merit further evaluation. 
It would be interesting to carry out additional clinical studies that involve novel 
targeted agents, such as bortezomib, in combination with PLD and FUFA.

Terminology
Pegylated liposomal doxorubicin (PLD) is a novel formulation with markedly 
delayed clearance, decreased volume of distribution, and accumulation of the drug 
in malignant tissues, which results in both higher therapeutic effi cacy and reduced 
toxicity.

Peer review
Although this study had a small sample size, the results are interesting. Inoperable 
HCC was stabilized with chemotherapy that was well tolerated. In addition, 
this is believed to be the fi rst report of the use of PLD in combination with 5FU. 
As for reviewer comments, how do the authors explain the modest overall 
response rate of 6.5% and yet stabilization of disease in 51.1%? Was there any 
progression in the liver disease or hepatic function tests during the administration 
of chemotherapy? Did any patients progress to Child-Pugh class C?
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Abstract
AIM: To explore the expression of PlexinA1 in gastric 
carcinoma and its relationship with tumor angiogenesis 
and proliferation.

METHODS: PlexinA1 mRNA and protein expressions 
of Semaphorin6D were measured using semi-quantity 
reverse transcription PCR and Western blotting in 
20 cases of gastric carcinoma and corresponding 
normal gastric mucosa. PlexinA1, Ki-67 expression 
and microvessel density (MVD) were detected by 
immunohistochemistry in 50 cases of gastric carcinoma 
and 20 cases of normal gastric mucosa.

RESULTS: The mRNA and protein expressions of 
PlexinA1 in gastric carcinoma were significantly higher 
than that in normal gastric mucosa (0.71 ± 0.37 vs  0.60 
± 0.25, P  = 0.0299 < 0.05, and 0.47 ± 0.16 vs 0.21 ± 
0.08, P = 0.0000 < 0.01), and MVD within tumor tissues 
increased significantly with PlexinA1 mRNA expression 
(r  =0.8736, P < 0.01) and PlexinA1 protein expression
(r  = 0.7286, P  < 0.01), and MVD of the PlexinA1 
positive staining group (25.25 ± 3.93) was significantly 
higher than that of the negative group (19.56 ± 1.75),
(P  < 0.01). Proliferation index of tumor cells within tumor 
tissues were positively correlated with PlexinA1 mRNA  
expression (r  = 0.5420, P  = 0.014 < 0.01) and PlexinA1 
protein expression (r  = 0.5024, P  = 0.024 < 0.05). The 
proliferation index of the PlexinA1 positive staining group 
(567.69 ± 125.61) was signifi cantly higher than that of 
the negative group (369.58 ± 116.88), (P  < 0.01).

CONCLUSION: PlexinA1 may play an important role in 
the occurrence and development of gastric carcinoma, 
and be related to tumor angiogenesis and proliferation.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Primary gastric carcinoma is one of  the most common 
malignant tumors in China. Invasion and metastasis are 
the main causes for the death of  cancer patients. On 
the other hand, invasion and metastasis of  malignant 
tumors are closely related to the proliferation of  tumor 
cells and angiogenesis of  tumor tissues. PlexinA1 is a 
large transmembrane protein that is a major receptor 
for multiple classes of  Somaphorins, either alone or in 
combination with neuropilins. Although PlexinA1 has 
pleiotropic function in formation of  nervous systems, 
embryogenesis, angiogenesis and immunoreaction[1-4], the 
function of  Plexin A1 in carcinogenesis remain unrevealed. 
Therefore, we detected the protein and mRNA expression 
of  PlexinA1 in gastric carcinoma and normal gastric mucosa 
by the semi-quantitative RT-PCR, Western blotting and 
immunohistochemistry in order to explore the expression 
of  PlexinA1 in gastric carcinoma and its relationship with 
tumor angiogenesis and proliferation.

MATERIALS AND METHODS
Patients
Twenty f r e sh g as t r i c ca rc inoma spec imens and 
corresponding normal gastric mucosa specimens were 
analyzed by RT-PCR and Western blotting. All specimens 
were obtained from patients (8 women and 12 man; 
mean age 54 years) who underwent surgery for gastric 
carcinoma between April 2006 and August 2006 in the 
General Hospital of  PLA. Of  the 20 patients, 9 showed 
high-moderate differentiation, 11 poor differentiation 
and 10 lymph node metastasis. Fifty paraffin-embedded 
gastr ic carc inoma specimens and twenty nor mal 
gastric mucosa specimens were collected respectively 
for immunohistochemistry. The patients with gastric 
carcinoma consisted of  21 women and 29 men with 
a mean age of  56 years. Of  the 50 gastric carcinoma 
specimens, 23 were highly-moderately differentiated and 
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27 poorly differented, and 28 had lymph node metastasis. 
The diagnosis was confi rmed by pathological examination.

Reverse transcription PCR (RT-PCR)
Total mRNA was isolated by Trizol reagent according 
to the procedure of  the supplier (BioDev-tech, Beijing, 
China), and the concentration was determined by 
measuring the absorbance at 260 nm and using the 
following data???: 1 optical density unit = 40 mg of  RNA/
mL. A 1.5 μg aliquot of  total RNA from each specimen 
was reverse-transcribed into single-strand cDNA using 
oligo (dT)16 primer for 2 h at 37℃, each single-strand 
cDNA was used for subsequent PCR amplification of  
PlexinA1 and β-actin with the latter used as a quantitative 
control. The PCR was carried out in a reaction volume of  
50 μL for 5 min at 95℃ for initial denaturing, followed 
by 37 cycles of  94℃ for 50 s, 55℃ for 50 s, and 72℃ for 
1 min, then extend at 72℃ for 10 min on the Authorized 
Thermal Cycler for PCR. The primer sequences used 
for amplification were 5’-TGTGGACGACCCCAAATT
CTA-3’ and 5’-CTGGGCAAACACGGTGAAC-3’ for 
PlexinA1, 5’-ACACCTACCAGGGAACGGAG-3’ and 3’
-GCCTCTGCACATACCTGCT-5’ for β-actin. The primer 
sequences were synthesized by Beijing Genomics Institute 
(China). PCR products were resolved in 2% agarose gels 
and visualized by staining with ethidium bromide. To 
quantify PCR products, the bands representing amplifi ed 
products were analyzed by Quantity One Analysis Software 
(BIO-RAD Co. America).

Western blotting 
Expression of  the PlexinA1 protein was detected using 
the Western blot method. After washing in ice-cold PBS, 
the samples were fi nely minced and suspended in ice-cold 
homogenization buffer (2 mL/g tissue), which contained 
protease inhibitors to minimize protein degradation. The 
suspension was firstly homogenized, then centrifuged at 
12 000 × g for 30 min at 4℃ to remove the nuclei and 
cell debris. The supernatant (total protein extract) was 
collected. Equal amount (50 μg) of  proteins was run 
on a 10% SDS-PAGE gel and electrotransferred onto 
Hybond-polyvinylidene difl uoride membranes (Amersham, 
Arlington Heights, USA). The membranes were blocked 
for 2 h at room temperature, followed by incubation with 
the primary anti-PlexinA1 antibody 1:50 (Santa Cruz 
Co, USA) at 4℃ overnight. The primary antibody was 
diluted in TBST containing fat-free milk. After three 
10-min washes in TBST, the membrane was incubated 
in peroxidase-conjugated secondary antibody (Sigma, St. 
Louis, USA) diluted 1:800 at room temperature for 1 h. 
Immunoreactive proteins were visualized by autoradiogram 
using ECL Western blotting detection reagents (Amershan 
Pharmacia, Uppsala, Sweden) and exposing to X-Omat BT 
film (Kodak, New York, USA). Bands were analyzed by 
Quantity One Analysis Software

Immunohistochemistry
PlexinA1 multiclonal antibody 1:50 was purchased from 
American Santa Cruz Co. Monoclonal antibody of  factor
Ⅷ and monoclonal antibody of  Ki-67 (ready to use) 
were supplied by the Chinese Boster Co. All operations 
were performed according to the instructions of  the 

manufacturers. Positive specimens were used as positive 
controls and PBS in substitution of  the fi rst antibody was 
used as a negative control at the same time.

PlexinA1 expression 
The cytoplasm and membrane of  positive cells were 
stained brown by PlexinA1. The result of  immunostaining 
was recorded as negative or positive based on the 
expression of  protein detected. At least 10 surface areas 
were scored, and the percentage of  positive cells was 
calculated for each specimen. Specimens were classifi ed as 
positive if  more than 30% of  the cells were stained at ×
400 magnifi cation.

Proliferation index of tumor cells 
The nuclei of  positive cells were stained deep brown by 
Ki-67. The number of  positive cells among 1000 tumor 
cells was counted per slide and taken as the tumor cell 
proliferation index. 

MVD of gastric carcinoma tissues
Gastric carcinoma vascular endothelial cells were stained 
brown. The isolated brown and yellow blood vessel 
endothelial cells or cell clusters in gastric carcinoma tissues 
were regarded as a single microvessel (Figure 1A). Areas 
with the highest microvessel densities were selected under 
× 100 microscopic magnification. Then the number of  
microvessels stained by facto Ⅷ antibody in 5 vision fi elds 
was counted under × 400 magnifi cation, respectively. The 
average values were taken as MVD[5]. Indistinguishable or 
indistinct cells were excluded. 

Statistical analysis
All data were analyzed by SPSS12.0 statistical software. 
t test, analysis of  Chi-square test, and linear correlation 
analysis were used. P < 0.05 was taken as signifi cant.

RESULTS
Expression of PlexinA1 mRNA by RT-PCR
Two percent of  Agarose gel electrophoresis showed a 
172 bp PlexinA1 fragment by RT-PCR amplification 
from gastric caner specimens and normal gastric mucosa
(Figure 2). The PlexinA1 mRNA amplification was 
successful in all tissues. The expression level was higher in 
tumor (0.71 ± 0.37) than in normal gastric mucosa (0.60 ± 
0.25, P = 0.0299 < 0.05).

Expression of PlexinA1 protein by western blotting
The affinity-purified anti-plexinA1 antibody detected a 
major band at 90 kD in protein extracts from all samples 
tested (Figure 3). The expression level was much higher 
in tumor (0.47 ± 0.16) than that in normal gastric mucosa 
(0.21 ± 0.08, P < 0.01). This result is matched with that of  
RT-PCR. 

Expression of PlexinA1 by immunohistochemistry
In immunohistochemical staining, PlexinA1 located at 
the membrane and cytoplasm of  gastric carcinoma cells 
appeared as brown particles. The positive expression rate 
of  PlexinA1 in gastric carcinoma was 52%, significantly 
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higher than that in normal gastric mucosa (25%), (P < 0.05. 
However, the PlexinA1 expression level had no correlation 
with the age of  patients, tumor size, invasion depth, 
differentiation degree and lymph node metastasis (Table 1).

Correlation between PlexinA1 and proliferation index of 
tumor cells in gastric carcinoma
PlexinA1 mRNA and protein expression ratio of  gastric 
carcinoma and the corresponding normal gastric mucosa 
(T/N) was signifi cantly correlated with proliferation index 
of  tumor cells in gastric carcinoma. Proliferation index of  
tumor cells within tumorous tissues increased signifi cantly 
with PlexinA1 mRNA expression (r = 0.5420, P = 0.014 < 
0.05) and PlexinA1 protein expression (r = 0.5024, P = 0.024 
< 0.05). The proliferation index of  the PlexinA1 positive 
staining group (567.69 ± 125.61) was significantly higher 
than that of  the negative group (369.58±116.88), (P < 0.01).

PlexinA1 expression and the MVD of tumor tissues
PlexinA1 mRNA and protein expression ratio of  gastric 
carcinoma and the corresponding normal gastric mucosa 

(T/N) was significantly correlated with the MVD of  
gastric carcinoma. MVD was elevated with the increase 
of  PlexinA1 mRNA and protein expression. MVD within 
tumorous tissues increased significantly with PlexinA1 
mRNA expression (r = 0.8736, P < 0.01) and PlexinA1 
protein expression (r = 0.7286, P < 0.01). Also, with 
increase of  PlexinA1 expression of  gastric carcinoma 
tissues by immunohistochemistry, MVD rose as well. 
The MVD of  the PlexinA1 positive staining group
(25.25 ± 3.93) was significantly higher than that of  the 
negative group (19.56 ± 1.75), (P < 0.01).

DISCUSSION
PlexinA1 is a large transmembrane protein that is receptor 

Figure 1  Expression of PlexinA1, Ki-67 and Ⅷ factor in gastric carcinoma tissue 
(S-P × 400). A: PlexinA1; B: Ki-67; C: Ⅷ factor.

β-actin

PlexinA1
172

207

M           N           G             N          G         bp

Figure 2  RT-PCR was performed to detect the expressions of PlexinA1 mRNA. M: 
Marker; N: Normal gastric mucosa; G: Gastric carcinoma.

β-actin

PlexinA1

N                  G                   N                   G

Figure 3  Western Blotting was performed to detect the protein expressions of 
PlexinA1. N: Normal gastric mucosa; G: Gastric carcinoma.

Table 1  The relationship between PlexinA1 expression and 
clinicopathologicl characteristics in gastric carcinoma

Characteristics        PlexinA1 Total P  value
Negative Positive

Age (yr)
   ≥ 45     12     14    26 > 0.05
   < 45     12     12    24
Size
   ≥ 5 cm       8     11    19 > 0.05
   < 5 cm     16     15    31
Differentiation
   Well-moderate     13     10    23 > 0.05
   Poorly     11     16    27
Invasion depth  
   Lamina and muscularis propria       5       6    11 > 0.05
   Visceral peritoneum     19     20    39
Lympth node metatasis  
   Negative     10     12    22 > 0.05
   Positive     14     14    28
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of  Semaphorins, either alone or in combination with 
neuropilin-1 or -2[1,6]. Despite the fact that PlexinA1 plays a 
crucial role in formation of  the nervous system, increasing 
evidence attested to the significance of  PlexinA1 in 
cardiogenesis. Some works reported that PlexinA1 has 
multiple functions in cardiogenesis as a receptor for 
the transmembrane Semaphorin, Sema6D, independent 
of  neuropilins, and it plays a critical role in cardiac 
morphogenesis by regulating epithelial cell migration[2,7]. 
These findings suggest that PlexinA1 may regulate 
angiogenesis in vivo, and raise the intriguing possibility that 
PlexinA1 may play a role in tumor-induced angiogenesis. 

As it is well known, the growth and metastasis of  
tumors require induction of  angiogenesis[8,9]. Without the 
ability to induce angiogenesis, most neoplasms would fail 
to grow > 2 mm in diameter or metastasize, including 
gastric carcinoma. We detected the mRNA and protein 
expression of  PlexinA1 in gastric carcinoma and normal 
gastric mucosa by the semi-quantity RT-PCR and Western 
blotting. The results showed that the expression of  
PlexinA1 in gastric carcinoma was signifi cantly higher than 
those in normal gastric mucosa. We further detected the 
expression of  PlexinA1 in gastric carcinoma and normal 
gastric mucosa by immunohistochemistry. The positive 
expression rate of  PlexinA1 in gastric carcinoma was 
significantly higher than that in normal gastric mucosa. 
However, the PlexinA1 expression level was not correlated 
with the age of  patients, tumor size, invasion depth, 
differentiation degree, and lymph node metastasis. These 
results suggest that PlexinA1 may play an important role 
in the occurrence and development of  gastric carcinoma. 
MVD and Ki-67 are important index of  judging tumor 
angiogenesis and tumor cell proliferation[10-12].

Under the effect of  angiogenesis and proliferation factors, 
tumor and endothelial cells proliferate and migrate to form 
new blood vessel networks and induce tumor invasion and 
metastasis. This study showed that MVD within tumor tissues 
increased significantly with PlexinA1 mRNA and protein 
expression, and PlexinA1 expression level of  cancer tissues 
was positively correlated with Ki-67. These results suggest that 
PlexinA1 may contribute to tumor angiogenesis and tumor cell 
proliferation through binding its ligands named Semaphorins. 

In conclusion, this is the first investigation about 
the expression of  PlexinA1 in gastric carcinoma and its 
clinicopathological signifi cance. The results of  our study 
shed some light on the pathogenesis of  gastric carcinoma, 
and may represent a new therapeutic target for gastric 
carcinoma treatment.

 COMMENTS
Background
Primary gastric carcinoma is one of the most common malignant tumors in China. 
Invasion and metastasis are the main causes for the death of cancer patients, and 
invasion and metastasis of malignant tumors are closely related with proliferation of 
tumor cells and angiogenesis of tumor tissues. PlexinA1 is a large transmembrane 
protein that is a major receptor for multiple classes of Somaphorins, and has 
pleiotropic function in formation of nervous systems, embryogenesis, angiogenesis 
and immunoreaction, yet the function of PlexinA1 in carcinogenesis has not been  
intensively studied, including in gastric carcinoma.

Research frontiers
Experiments have been employed to study the expression of PlexinA1 in gastric 
carcinoma and its relationship with tumor angiogenesis and proliferation. These 
studies show that the expression level in gastric carcinoma is higher than that 
in normal gastric mucosa, and is positively related to tumor angiogenesis and 
proliferation.

Innovations and breakthroughs
This is the fi rst investigation about the expression of PlexinA1 in gastric carcinoma 
and its clinicopathological significance. PlexinA1 is found positively related to 
tumor angiogenesis and proliferation, which shed some light on the pathogenesis 
of gastric carcinoma.

Applications
This study may represent a new therapeutic target for gastric carcinoma treatment.

Peer review
The authors studied the expression of PlexinA1 in gastric carcinoma and its 
relationship with tumor angiogenesis and proliferation, and showed that the 
expression level in gastric carcinoma is higher than that in normal gastric mucosa, 
and is positively related to tumor angiogenesis and proliferation, which may be 
useful in basic research of gastric carcinoma, and provide a new thought about 
gastric carcinoma treatment.
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Abstract
AIM: To explore the essential characteristics of serum 
pepsinogen (PG) levels in Chinese people, by analyzing 
the population-based data on the serum levels of PG
Ⅰ and Ⅱ and the PGⅠ/Ⅱ ratio, and their infl uencing 
factors in Chinese from North China.

METHODS: A total of 6990 subjects, who underwent 
a gastric cancer screening in North China from 1997 to 
2002, were collected in this study. Serum pepsinogen 
levels were measured by enzyme-linked immunosorbent 
assay (ELISA). H pylori  status was determined by 
histological examination and H pylori -IgG ELISA. The 
cut-off point was calculated by using receiving operator 
characteristics (ROC) curves. Factors linked to serum PG
Ⅰ/Ⅱ ratio were identified using a multivariate logistic 
regression.

RESULTS: The serum PGⅠ and PGⅡ levels were 
significantly higher in males than in females (95.2 
μg/L vs  79.7 μg/L, P  < 0.01; 12.1 μg/L vs  9.4 μg/L, 
P  < 0.01), PGⅠ/Ⅱ ratio was significantly lower in 
males than in females (7.9 vs  8.3, P  < 0.01). The PG
Ⅰ/Ⅱ ratio decreased significantly in the aged groups 
following the progression of gastric mucosa from normal 
to non-atrophic and atrophic lesions (10.4, 8.8, and 
6.6, respectively). The serum PGⅠand Ⅱ levels were 
signifi cantly higher in patients with H pylori  infection than 
in those without H pylori  infection (88.7 μg/L vs  81.4 
μg/L, P  < 0.01; 11.4 μg/L vs  8.4 μg/L, P  < 0.01), while 
the PGⅠ/Ⅱ ratio was signifi cantly lower in patients with 
H pylori  infection than in those without H pylori  infection 
(7.7 vs  9.6, P  < 0.01). For patients with atrophic lesions, 
the area under the PGⅠ/Ⅱ ROC curve was 0.622. The 
best cut-off point for PGⅠ/Ⅱ was 6.9, with a sensitivity 
of 53.2%, and a specifi city of 67.5%. Factors linked to PG

Ⅰ/Ⅱ were sensitive to identifi ed PG using a multinomial 
logistic regression relying on the following inputs: males 
(OR: 1.151, 95% CI: 1.042-1.272, P  = 0.006), age ≥ 
61 years (OR: 1.358, 95% CI: 1.188-1.553, P  = 0.000), 
atrophic lesion (OR: 2.075, 95% CI: 1.870-2.302, P  
= 0.000), and H pylori  infection (OR: 1.546, 95% CI: 
1.368-1.748, P  = 0.000). 

CONCLUSION: The essential characteristics of serum 
PG levels in Chinese are signifi cantly skewed from the 
normal distribution, and infl uenced by age, sex, gastric 
mucosa lesions and H pylori  infection. PGⅠ/Ⅱ ratio is 
more suitable for identifying subgroups with different 
infl uence factors compared with PGⅠor PGⅡ alone. 

© 2007 WJG. All rights reserved.
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INTRODUCTION
Human pepsinogens (PGs) are inactive pro-enzymes for 
the specific digestive enzyme--pepsin originating from 
the gastric mucosa, and can be classified biochemically 
and immunochemically into pepsinogenⅠ(PGⅠ) and 
pepsinogenⅡ (PGⅡ). Both of  them are secreted by 
the chief  and mucous neck cells of  the gastric fundus 
and corpus. PGⅡ is also secreted by the pylori glands 
in the antrum and Brunner’s glands in the proximal 
duodenum. PGⅠand PGⅡ are secreted into the gastric 
lumen and 1% of  them are also leaked into circulating 
blood[1,2]. PG levels in blood seem to be related to the 
morphologic and functional changes in the stomach, and 
their use as ‘serological biopsy’ has been reported over 
20 years before[3-5]. Recently, more and more investigators 
are concerned about the relationship between serum 
PG levels and gastric precancerous diseases, gastric 
carcinogenesis, and the significance of  them being a 
marker for the screening of  gastric cancer (GC). In 
most Western countries, the focus has been on the 
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identification of  individuals for intervention studies, 
whereas in Japan the use of  PG levels is to identify 
those for endoscopic examination and those at risk for 
GC[6-10]. However, the limited knowledge about their 
characteristics in different populations and the signifi cant 
differences in methodologies may prejudice the assessment 
of  consistency. For instance, different cut-off  values 
are used for the positive definition when either PGⅠ
levels or both PGⅠand PGⅡ levels are considered[11-13]. 
Furthermore, due to few cohort studies have been done 
in Chinese, the population-based data on serum PG levels 
and their infl uencing factors, such as age, sex, the presence 
of  different gastric diseases and H pylori infection, are 
limited[14,15].

In the present study, we measured the serum PGⅠ, PG
Ⅱ levels in residents from the Zhuanghe County, Liaoning 
Province, in North China, in order to investigate the 
essential characteristicss of  serum PG levels in Chinese, 
which is expected to provide a valuable reference for large-
scale surveys of  gastric cancer. 

MATERIALS AND METHODS 

Subjects
A total of  6990 subjects (3455 men and 3535 women), 
who underwent gastric cancer screening in North China 
from 1997 to 2002, were enrolled in this study. Their mean 
age was 48.84 years, ranging 11-82 years. Information 
about gender, age and other factors was obtained by means 
of  a questionnaire administered to each subject. The study 
was approved by the Human Ethics Review Committee 
of  China Medical University. Written informed consent 
was obtained from participants in accordance with the 
Declaration of  Helsinki and its later revision.

Serum pepsinogen level
Approximately 5 mL fasting blood was collected from 
each participant and kept at 4℃ for 24 h. The blood 
was centrifuged at 3000 r/min for 10 min and the serum 
aliquot was stored immediately at -20℃ and then shifted to 
an environment at -70℃ for the determination of  various 
parameters. Serum PG concentration was measured by 
enzyme-linked immunosorbent assay (ELISA) with PGⅠ
/PGⅡ ELISA kits (Biohit Co., Ltd., Finland). 

Endoscopic and clinicopathological examinations
Gastrointestinal endoscopy was performed for observing 
the entire stomach. Experienced endoscopists performed 
each examination without knowledge about the serological 
data on the study subjects. Gastric mucosa was examined, 
and 4 biopsy specimens were obtained from the body, 
angulus, antrum and lesions, respectively. The biopsies 
were routinely bathed in 10% formalin, embedded in 
paraffi n, then sectioned and stained in each local center. 
The stained sections were evaluated independently by two 
gastrointestinal pathologists. Each subject was assigned a 
global diagnosis based on the 4 specimens. Microscopic 
findings were assessed according to the consensus on 
chronic gastritis at the national symposium[16] or in 
combination with the visual analog scale of  the updated 

Sydney System[17], including normal mucosa (NOR, 
n = 494), superficial gastritis (SG, n = 3954), erosive 
gastritis and ulcers (GEU, n = 362), superficial gastritis 
accompanying IM (SG-IM, n = 347), atrophic gastritis (AG, 
n = 870), gastric polyp(GP, 73 cases), dysplasia (GD, n = 
110) and GC (n = 80). 

Identifi cation of H pylori infection 
Gastric biopsies were evaluated for H pylori infection 
by histological examination. H pylori could be found in 
gastric epithelium or in mucus. Serum immunoglobulin 
(Ig)G antibodies to H pylori were detected by ELISA 
with H pylori-IgG ELISA kit (Biohit Co., Ltd., Finland) 
in duplicate. Patients whose antibody titer defined by 
optical density (OD)values according to the manufacturer’s 
protocol, was higher than the cut off  value of  42EIU, were 
regarded as positive for H pylori infection.

Statistical analysis
All statistical analyses were performed using SPSS 11.5 
software (SPSS Inc. Chicago, USA). The distribution of  
variables was tested by “Kolmogorov-Smirnov”. The 
relation between two continuous variables was assessed 
by Spearman’s correlation coefficient. The median of  
variables was compared between two groups by the 
Mann-Whitney U test and multiple comparisons by the 
Kruskal-Wallis test. The receiving operating characteristics 
(ROC) curve for each evaluation was used to extract 
the corresponding cut-off  point, which can be used to 
discriminate different histological patterns of  patients. For 
that purpose, the area under each ROC curve was used 
to measure the discriminatory ability of  the model. The 
resulting value of  the cut-off  point for each evaluation was 
applied to the determination of  the sensitivity, specifi city, 
positive predictive value (PPV), negative predictive value 
(NPV), and accuracy of  the test. Consequently, 95% 
confidence interval was calculated. Different variables 
influencing the values of  PGⅠ, PGⅡ and PGⅠ/Ⅱ 
ratio were identifi ed with multivariate logistic regressions 
adjusted by the histological diagnosis. The value was 
shown as the median. A two-sided P value of  less than 0.05 
was considered statistically signifi cant. 

RESULTS
Basic population data on PG levels in Chinese
Among the 6990 subjects analyzed, the serum levels of  
PGⅠand PGⅡ and the PGⅠ/Ⅱ ratio were signifi cantly 
skewed from the normal distribution. The median value 
was 86.9 μg/L, 10.6 μg/L and 8.1 μg/L, respectively. 

PG levels in different gender groups 
The gender was signifi cantly correlated with the serum PG
Ⅰ and PGⅡ level (r = -0.178, r = -0.147, P = 0.000). The 
PGⅠand PGⅡ levels were significantly higher in males 
than in females, while the PGⅠ/Ⅱ ratio was signifi cantly 
lower in males than in females (Table 1). 

PG levels in different age groups
All the objects were assigned to four groups based on their 



Table 1  Serum PG levels in different gender groups (median)

Gender      Cases (n )       PGⅠ (μg/L)        PGⅡ (μg/L)        PGⅠ/Ⅱ
Male                   3455                  95.2                         12.1                            7.9
Female               3535                  79.7                           9.4                            8.3
P value                                           0.000                       0.000                        0.000

Table 2  Serum PG levels in different age groups (median)

Age (yr)     Cases (n )       PGⅠ (μg/L)       PGⅡ (μg/L)        PGⅠ/Ⅱ
A (≤ 40)             1813                      86.6a                         9.9                         8.7
B  (41-50)             2225                      86.9b                       10.6d                       8.3f

C (51-60)             1840                      88.6c                        11.3e                       7.8g

D (≥ 61)             1112                      84.0                         10.9                        7.0h

PGⅠ: aP = 0.017, bP = 0.031, cP = 0.019 vs D group; PGⅡ: dP = 0.018 vs A 
group, eP = 0.010 vs B group; PGⅠ/Ⅱ: fP = 0.003 vs A group, gP = 0.002 vs B 
group, hP = 0.002 vs C group.

Table 3  Serum PG levels in different gastric disease groups 
(median)

Gastric disease     Cases (n )     PGⅠ (μg/L)     PGⅡ (μg/L)     PGⅠ/Ⅱ
NOR                            494                     79.3                      7.4                    10.4
SG                              3654                     86.0                      9.4                      9.0
GEU                             362                   102.5                    14.4                      7.5
SG-IM                        1347                     89.9                     12.8                      6.8
AG                               870                     84.8                    13.0                      6.5
GP                                  73                     87.5                    13.3                      6.1
GD                               110                      96.9                    15.9                      5.7
GC                                  80                     84.4                    11.3                      6.4

Table 4  Results of Mann-Whitney U  test

Group                          P  value
PGⅠ PGⅡ PGⅠ/Ⅱ

NOR vs SG 0.000 0.000 0.000
NOR vs GEU 0.000 0.000 0.000
NOR vs AG 0.021 0.000 0.000
NOR vs GC 0.892 0.000 0.000
SG vs GEU 0.000 0.000 0.000
SG vs AG 0.173 0.000 0.000
SG vs GC 0.218 0.060 0.000
GEU vs AG 0.000 0.017 0.002
GEU vs GC 0.000 0.023 0.137
AG vs GC 0.422 0.251 0.809

age: group A (≤ 40 years of  age), group B (41-50 years 
of  age), group C (51-60 years of  age) and group D (≥ 
61 years of  age), respectively. The serum PG levels were 
compared between different groups (Table 2). The serum 
PGⅡ level increased with age (correlation coefficient: 
0.065, P = 0.000), while the PGⅠ/Ⅱ ratio decreased with 
age (correlation coeffi cient: -0.104, P = 0.000).

The PGⅠvalue increased in groups A (86.6 μg/L), B 
(86.9 μg/L) and C (88.6 μg/L), though the difference was 
not significant (P = 0.754, P = 0.683, respectively). The 
PGⅠvalue in group D (84.0 μg/L) was signifi cantly lower 
than that in groups C (P = 0.017), B (P = 0.031) and A 
(P = 0.019). The PGⅡ value in groups A (9.9 μg/L), B 
(10.6 μg/L) and C (11.3 μg/L) increased signifi cantly in 
the sequence indicated (P = 0.018, P = 0.010, respectively). 
There was no significant difference in the PGⅡ level 
between groups D (10.9 μg/L) and C (P = 0.803). The PG
Ⅰ/Ⅱratio in groups A (8.7), B (8.3), C (7.8) and D (7.0) 
decreased signifi cantly in the sequence indicated (P = 0.003, 
P = 0.002, P = 0.002, respectively ).

PG levels and kinds of gastric disease
Along the sequence of  NOR→SG→GEU→AG→
GC groups, the serum PGⅠand PGⅡ levels increased 
and then decreased, while the PGⅠ/Ⅱ ratio decreased 
gradually. The PGⅠand PGⅡ levels in the NOR group 
were lower than those in other groups, while both of  them 
were the highest in GEU. The PGⅠ/Ⅱ ratio in the NOR 
group was higher than that other groups, while it was the 
lowest in the GC group. Several statistical differences were 
noticed. The differences in the PGⅡ level and the PGⅠ/
Ⅱ ratio between NOR and other groups were of  statistical 
signifi cance. The differences in the PGⅠ/Ⅱ ratio between 
SG and other groups were of  statistical signifi cance. The 
differences in PGⅠand PGⅡ levels in GEU and other 
groups were of  statistical significance. Compared to SG 
and GEU groups, the differences in PGⅡ level and the 
PGⅠ/Ⅱ ratio were of  statistical signifi cance in the AG 
group, while compared to the GC group, the differences 
in PG, PGⅡ level and the PGⅠ/Ⅱ ratio had no statistical 

signifi cance (Tables 3 and 4). 
As described in Table 3, atrophic diseases including AG 

and GC could be taken as the “low group” (L), and non-
atrophic diseases including SG and GEU as the “middle 
group” (M), and NOR as the “high group”(H). The SG-
IM could be assigned to the L group. The argument for 
the categorization of  GP and GD was different. Both of  
them could be assigned to the L group too, since the PG
Ⅰ/Ⅱ ratio decreased along with AG→GC→GP→GD, 
but there was no signifi cant difference between them (P = 
0.566). Therefore, the median value of  the PGⅠ/Ⅱ ratio 
in H (NOR), M (SG + GEU) and L (SG - IM + AG + GC 
+ GP + GD) groups was 10.4, 8.8 and 6.6, respectively, 
while the corresponding differences between neighboring 
groups were of  statistical significance (P = 0.000, P = 
0.000). More interestingly, it was possible to differentiate 
three histological groups according to their median PG
Ⅰ/Ⅱ ratio: > 10 for normal mucosa, < 7 for atrophic 
mucosa, and an intermediate value for non-atrophic 
mucosa. 

ROC curves were plotted for each of  the serum tests as 
a predictor of  atrophy. The results obtained from the ROC 
curves could discriminate between patients with atrophy, 
normal and non-atrophy (Figure 1). The areas under the 
ROC curves for PGⅠ, PGⅡ, and the PGⅠ/Ⅱ ratio were 
0.494, 0.398 and 0.622, respectively, suggesting that the 
PGⅠ/Ⅱ ratio was the only useful biomarker for screening 
atrophy in this population. The best cut-off  point of  
the PGⅠ/Ⅱratio for predicting atrophy was 6.9. The 
corresponding validity parameters were sensitivity (53.2%), 
specifi city (67.5%), PPV (47.3%), and NPV (72.4%). The 
accuracy of  the PGⅠ/Ⅱ ratio as a diagnostic test was 
62.4%.
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Table 5  Multivariable logistic regression of the PgⅠ /Ⅱ ratio

  n Coeff. 95% CI P -values
Gender  
   Female 3535 Baseline
   Male 3455 1.151 1.042-1.272 0.006
Age
   < 60 yr 5878 Baseline
   ≥ 61 yr 1112 1.358 1.188-1.553 0.000
Gastric mucosal lesions
   Non-atrophy 4510 Baseline
   Atrophy 2480 2.075 1.870-2.302 0.000
H pylori
   H pylori- 1705 Baseline
   H pylori+ 5285 1.546 1.368-1.748 0.000

PG levels and status of H pylori infection
Among the 6990 cases tested, 5285 were positive for 
H pylori infection and 1705 were negative for H pylori 
infection. The PGⅠand PGⅡ levels in the positive group 
were signifi cantly higher than those in the negative group 
(88.7 μg/L vs 81.4 μg/L, P = 0.000; 11.4 μg/L vs 8.4 μg/L, 
P = 0.000, respectively), while the PGⅠ/Ⅱ ratio in the 
positive group was signifi cantly lower than that in the H 
pylori group (7.7 vs 9.6, P = 0.000). 

Determination of independent variables by multivariable 
logistic regression 
A multivariable logistic regression was performed to 
determine the dependent variables that could explain 
the variation of  biomarkers. The applied model took 
four variables of  gender, age (< 60 years, ≥ 61 years), 
gastric mucosal lesion (atrophic or non-atrophic ), and 
H pylori infection (+, -) as inputs and considered the PG
Ⅰ/Ⅱ ratio (≤ 7, > 7) as the outcome. Results from this 
regression gave a statistical significance (χ2 = 341.535, 
P = 0.000). Another qualification for this model was its 
fi tting confi dence (13.695, P = 0.250). The testing result 
from this model showed a statistical signifi cance in gender
(P = 0.006), age (P = 0.000), atrophic lesion (P = 0.000) 
and H pylori infection (P = 0.000). Their corresponding 
risk factors were male (OR: 1.151, 95% CI: 1.042-1.272), 
age≥ 61 years (OR: 1.358, 95% CI: 1.188-1.553), atrophic 
lesion (OR: 2.075, 95% CI: 1.870-2.302) and H pylori  
infection (OR: 1.546, 95% CI: 1.368-1.748) (Table 5). The 
overall accordance of  this model was 64.6%.

DISCUSSION
In this study, we reported for the fi rst time the essential 
serum PG levels in the Chinese population, including some 
infl uence infl uencing factors such as sex, age, the presence 
of  gastric diseases, and H pylori infection.

Studies have reported some conflicting results with 
regard to the correlation between serum PG level and 

age or sex. For instance, men have higher normal PGⅠ
values than women[18], which is in agreement with the 
data on blood donors[19]. In contrast, in 20-70 year old 
Japanese, serum PG level is dependent on the age and 
PGⅠincreases gradually with age, while the PGⅠ/PG
Ⅱ ratio decreases signifi cantly[20]. In our study, the PGⅠ
and PGⅡ levels were signifi cantly higher in males than in 
females. The PGⅠ/Ⅱ ratio of  the males was signifi cantly 
lower than that of  the females. Both PGⅠand PGⅡ levels 
increased gradually till the age of  60 years, while the PG
Ⅰ/Ⅱ ratio showed a significant stage reduction. These 
fi ndings are in agreement with the reported data[9]. These 
different age-dependences therefore require a thorough 
checking of  the characteristically different distribution, 
and difference among populations in application value 
for serum PG. Another important aspect needing special 
attention is the identifi cation of  its normal distribution in 
different age and gender groups by stratifi cation.

Serum PG is a well-known indicator and “serological 
biopsy” of  corpus mucosa[21,22]. A cascade of  mucosal 
lesions, from chronic gastrit is, atrophy, intestinal 
metaplasia, to dysplasia has been consistently identified, 
at least for Lauren’s intestinal subtype of  GC[23]. In this 
study, along with the sequence of  NOR→SG→GEU
→AG→GC, the serum PGⅠand PGⅡ levels increased 
while the PGⅠ/Ⅱ ratio decreased. When it came to the 
atrophic lesion from the non-atrophic lesion, both PGⅠ
and PGⅡ levels had a trend to go down, suggesting that 
the PGⅠ/Ⅱ ratio reflects the development of  atrophic 
lesion on gastric membranes better than either PGⅠor 
PGⅡ alone. The PGⅠ/Ⅱ values for atrophic gastritis 
were significantly lower than those for NOR and non-
atrophic lesions, while there was no difference among 
these atrophic lesions, suggesting that the PGⅠ/Ⅱ ratio is 
an effective parameter for screening individuals at high risk 
of  GC[24-28]. We obtained the best cut-off  points of  the PG
Ⅰ/Ⅱ ratio for detecting GC and its precursors by ROC 
curve with a sensitivity of  53.2% and a specialty of  67.5%, 
which can be used for further investigation as a screening 
tool in the fi rst period.

H pylori infection frequently persists lifelong in the host 
stomach and is associated with a wide spectrum of  human 
gastric and duodenal diseases, ranging from gastritis to 
duodenal ulcer, GC and MALT lymphoma[29,30]. In 1994, it 
was defi ned as a defi nite carcinogen by the International 
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Agency for Research on Cancer[31]. It was reported that
H pylori stimulates G cells in the antrum, thus increasing 
the level of  gastrin they secreted[32]. Gastrin directly 
stimulates the main cells and is able to stimulate the 
synthesis and secretion of  PGs, especially PGⅡ by 
increasing the density of  calcium-ion f lux, cAMP 
and phosphoinositide inside the main cells. Serum 
epidemiological studies showed that H pylori infection 
correlates signifi cantly to the elevated serum PG especially 
PGⅡ, and the reduced PGⅠ/Ⅱ ratio[33]. Our previous 
study revealed that the incidence of  H pylori infection is 
79.3% in Zhuanghe County[34]. In the present study, the 
serum PGⅠand Ⅱ levels in positive H pylori individuals 
were significantly higher than those in negative H pylori 
individuals, and the PGⅠ/Ⅱ ratio was lower in positive 
H pylori individuals than in negative H pylori individuals, 
confi rming that H pylori infection infl uences the serum PG 
level in residents of  Zhuanghe County.

Multivariable logistic regression with the PGⅠ/Ⅱ 
ratio as the outcome showed that the PGⅠ/Ⅱ levels were 
significantly affected if  the surveyed samples met any 
one of  the following qualifi cations: male, age > 60 years, 
atrophic lesion and H pylori infection, showing that all 
these factors should be taken into account in the screening 
of  GC with serum PGs.

In summary, our results from this population-based 
study provide the essential characteristics of  serum 
PG in Chinese. The PGⅠ/Ⅱ ratio is more suitable for 
identifying subgroups with different infl uencing factors, 
compared with PGⅠor PGⅡalone. This implies that low 
PGⅠ/Ⅱ ratio can be used as a serological indicator of  
gastric atrophic diseases.

 COMMENTS
Background
Human pepsinogens (PGs) are inactive pro-enzymes for the specif ic 
digestive enzyme--pepsin originating from the gastric mucosa, and can be 
classified biochemically and immunochemically into pepsinogenⅠ(PGⅠ) 
and pepsinogenⅡ (PGⅡ). Serum PG levels are related to the morphologic 
and functional changes in the stomach, and can be used as a ‘serological 
biopsy’.

Research frontiers
In the present study, we investigated the essential characteristics of serum PG in 
Chinese, which provides a valuable reference for large-scale surveys of gastric 
cancer in China.

Innovations and breakthroughs
In this study, we analyzed the essential characteristics of serum PG levels and 
their infl uencing factors in residents from the Zhuanghe County in North China. 
Our results that serum PG skewed from the normal distribution signifi cantly, and 
was influenced by age, sex, the gastric mucosa lesions and H pylori infection. 
The PGⅠ/Ⅱ ratio was more suitable for identifying subgroups with different 
infl uencing factors, compared with PGⅠor PGⅡ alone.

Applications
The essential characteristics of serum PG in Chinese are described. The PGⅠ/Ⅱ 
ratio is more suitable for identifying subgroups with different infl uence factors and 
can be used as a serological indicator of gastric atrophic diseases.

Peer review
This paper presents the serum pepsinogen values and their infl uencing factors in a 
large group of Chinese from North China, which is of certain importance. However,  
a large room for improvement in its language.
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cecum, without causing apparent symptoms. By 5 d post 
inoculation, the cecum had signifi cantly higher numbers 
of S.  enteritidis than any of the other areas (P  < 0.01), 
and this appeared to refl ect its function as a repository 
for S.  enteritidis.

CONCLUSION: The results provided signifi cant data for 
clarifying the pathogenic mechanism of S.  enteritidis in 
the gastrointestinal tract, and showed that the jejunum, 
ileum and cecum are the primary sites of invasion in 
normal mice after oral infection. This study will help to 
further understanding of the mechanisms of action of S.  
enteritidis. 

© 2007 WJG. All rights reserved.
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INTRODUCTION
Salmonella is an enteric pathogen that colonizes the intestinal 
tract of  a variety of  animals, especially humans and poultry, 
and accounts for millions of  cases of  gastroenteritis and 
food-borne illness each year[1,2]. Salmonella enteritidis (S. 
enteritidis) can be transmitted to humans through the food 
production chain, and undercooked or raw eggs and poultry 
meat are a particularly high risk for humans[3]. In the last 
few decades, S. enteritidis has emerged as a major cause of  
food-borne illness worldwide. As a result of  the increased 
prevalence of  S. enteritidis and its complex life cycle, 
identifying the regular distribution pattern of  S. enteritidis 
in the gastrointestinal tract will help to understand its 
mechanism of  action. 

Previous studies have shown that orally introduced 
S. enteritidis has a rapid transit time through the intestine, 
and a small proportion of  the inoculum establishes itself  
within the walls of  the small intestine and cecum several 
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Abstract
AIM: To identify and understand the regular distribution 
pattern and primary penetration site for Salmonella  
enteritidis (S . enteritidis) in the gastrointestinal tract.

METHODS: Based on the species-specifi c DNA sequence 
of S. enteritidis from GenBank, a species-specifi c real-
time, fl uorescence-based quantitative polymerase chain 
reaction (FQ-PCR) was developed for the detection of S. 
enteritidis. We used this assay to detect genomic DNA 
of S.  enteritidis in the gastrointestinal tract, including 
duodenum, jejunum, ileum, cecum, colon, rectum, 
esophagus and stomach, from mice after oral infection.

RESULTS: S.  enteritidis was consistently detected in all 
segments of the gastrointestinal tract. The jejunum and 
ileum were positive at 8 h post inoculation, and the fi nal 
organ to show a positive result was the stomach at 18 h 
post inoculation. The copy number of S.  enteritidis DNA 
in each tissue reached a peak at 24-36 h post inoculation, 
with the jejunum, ileum and cecum containing high 
concentrations of S.  enteritidis, whereas the duodenum, 
colon, rectum, stomach and esophagus had low 
concentrations. S.  enteritidis began to decrease and 
vanished at 2 d post inoculation, but it was still present 
up to 5 d post inoculation in the jejunum, ileum and 
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days before systemic infection[4,5]. However, the primary 
site of  infection and the route taken by the organism to 
reach the heart, liver and spleen, are unclear. Infection 
with Salmonella is usually started by oral ingestion of  the 
pathogen, and is followed by bacterial colonization of  the 
gut and invasion of  internal tissues. Therefore, knowledge 
about the mechanisms leading to invasive infections may 
ultimately lead to new insights into prevention and therapy. 

We evaluated the specific fragment (SdfⅠ) reported 
by Agron[6], which was screened for using the Supression 
Subtractive Hybridization method. SdfⅠappears to only 
be found in serovar enteritidis strains, which includes a 
wide range of  clinical and environmental species. Here, 
based on the specifi c DNA sequence of  serovar enteritidis, 
a specific fluorescent quantitative polymerase chain 
reaction (FQ-PCR) for detection of  serovar enteritidis was 
developed and applied to the study of  the gastrointestinal 
tract distribution of  S. enteritidis.

MATERIALS AND METHODS

Bacterial strains
A total of  14 Salmonella strains were included in this study. 
Most strains were purchased from the National Center 
for Medical Culture Collection, including S. enteritidis 
(Human, No. 50041), S. enteritidis (Human, No. 50040), 
S. enteritidis (Mouse, No. 50338), Salmonella Choleraesuis 
(No. 50191-1), Salmonella Typhi (No. 50013), Salmonella 
Typhimurium (No. 50115-13), Salmonella Paratyphi (No. 
50001-24), Salmonella Pullorum (No. 50047-2), Salmonella 
Anatum (No. 50083-4), Salmonella Gallinarum (No. 
50770), Salmonella Dublin (No. 50761). Three strains were 
isolated and maintained by the Research Center of  Poultry 
Diseases, Collage of  Animal Science and Veterinary 
Medicine of  Sichuan Agricultural University, including S. 
enteritidis (Duck, No. MY1), S. enteritidis (Duck, No. SC1) 
and S. enteritidis (Chicken, No. CD1).

Preparation of bacterial samples and generation of 
standard templates
For the bacterial samples, 5 mL of  an overnight culture 
grown in Luria-Bertani broth was prepared, and then the 
S. enteritidis cells were harvested by centrifugation. The 
pellet was resuspended in lysozyme solution, followed by 
lysis using 10% SDS at 60℃ for 1 h. DNA was purifi ed by 
extraction with an equal volume of  phenol/chloroform/
isoamyl alcohol (25:24:1). Then, a 1/10 volume of  3 mol/L 
sodium acetate and 2 vols absolute ethanol were added, 
and the nucleic acid was then pelleted by centrifugation, 
washed with 70% ethanol, and dried under vacuum. The 
DNA genomic pellet was resuspended in 40 μL TE buffer, 
and stored at -20℃ until use.

A conventional PCR was carried out using a template 
from S. enteritidis (Mouse, No. 50338), with primers F1 
and R1 (designed with SdfⅠ, GenBank Accession No. 
AF370707.1, generated by TakaRa Biotech, Dalian, China). 
The primer sequences from 5' to 3' were as follows: F1, 
TGTGTTTTATCTGATGCAAGAGG; and R1, CGTTC
TTCTGGTACTTACGATGAC. Amplifi cation was carried 
out in a total volume of  50 μL, containing 1 μL each 
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primer (25 μmol/L), 1 μL dNTPs (10 mmol/L), 2.5 U
Taq DNA Polymerase (TaKaRa Taq; TakaRa Biotech),
5 μL 10 × PCR buffer (with Mg2+, 25 mmol/L) and 2 μL 
templates, which were then made up to a volume of  50 μL 
with deionized water. An initial denaturation at 95℃ for 
5 min was followed by 32 cycles of  denaturation at 94℃ 
for 30 s, annealing at 52.5℃ for 30 s, and extension at 72℃ 
for 40 s. Finally, an additional extension was achieved for 
10 min at 72℃. The product size was 293 bp.

Finally, the product was gel-excised and quantifi ed with 
appropriate standards. Its concentration was determined 
spectrophotometrically using the Bio-Rad Smartspec-3000, 
according to the manufacturer's instructions. The standards 
were diluted, divided into aliquots, and frozen before use.

Specifi c verifi cation of FQ-PCR and its products
The FQ-PCR assay, including volume, Mg2+ concentration, 
probe and pr imer concentrat ions, and anneal ing 
temperature were optimized. Subsequently, the sensitivity 
of  the assay, the linear range and standard curve were 
deter mined by using known amounts of  purif ied 
template DNA (generated as described above). The 
primers (F2 and R2) and TaqMan-probe (FP) of  FQ-
PCR were designed using an internal region of the 293 
bp sequences (described above, generated by TakaRa 
Biotech), and were used as follows, from 5' to 3': F2, 
TTGATGTGGTTGGTTCGTCACT; R2, TCCCTGAA
TCTGAGAAAGAAAAACTC; and TaqMan-probe (FP), 
FAM-TGCAGCGAGCATGTTCTGGAAAGC-TAMRA. 
Amplifi cation was carried out in a total volume of  25 μL, 
containing 0.6 μL each primer (10 μmol/L), 0.75 μL 
dNTPs (10 mmol/L), 1.25 U Ex Taq DNA Polymerase 
(TaKaRa Ex Taq Hot Start Version; TakaRa Biotech),
5 × PCR buffer (free Mg2+) 5 μL, 0.8 μL TaqMan probe 
(5 μmol/L), 0.5 μL Mg2+ (250 mmol/L) and 1 μL 
templates, then made up to a volume of  25 μL with 
deionized water. Each run consisted of  a 95℃ 5 min hot 
start, which activated the conjugated polymerase, followed 
by 45 cycles (50 cycles for sensitivity experiments) with 
94℃ denaturation for 30 s, 55℃ annealing for 30 s, and 
reading the fl uorescent signal at this step.

The primers of  FQ-PCR (F2 and R2) were used 
for conventional PCR with S. enteritidis (Mouse, No. 
50338) DNA templates, in order to verify the specific 
amplif icat ion. Amplif icat ion was car r ied out in a 
total volume of  50 μL, containing 1 μL each primer
(25 μmol/L), 1 μL dNTPs (10 mmol/L), 2.5 U Taq DNA 
polymerase (TaKaRa Taq; TakaRa Biotech), 10 × PCR 
buffer (with Mg2+, 25 mmol/L) 5 μL, and 2 μL templates, 
then made up to a volume of  50 μL with deionized water. 
Initial denaturation at 95℃ for 5 min was followed by 
32 cycles of  denaturation at 94℃ for 30 s, annealing at 
49℃ for 30 s, and extension at 72℃ for 40 s. Finally, an 
additional extension was achieved for 10 min at 72℃. A 
10 μL aliquot of  PCR product was electrophoresed on a 
1.5% agarose gel for 40-50 min at 80 V, and visualized and 
photographed under UV illumination.

FQ-PCR standard curve
Based on previous studies, the standard curve was 
generated as follows[7-9]: Standard DNA from S. enteritidis 



was used to establish a standard curve. The standard DNA 
contained amplified target DNA in different quantities 
which was included in each LightCycler run. The Primers 
F2 and R2 were used for this amplifi cation, and a range of  
9 × 108 - 9 × 103 gene copies was used. Concentrations of  
the standards were measured by fl uorometric analysis, and 
an analysis of  key LightCycler measures was performed 
after each run to verify identical amplifi cation effi ciencies 
and conditions between runs. Finally, these data were used 
to generate the standard curve through the iCycler IQ 
Detection System (Bio-Rad, USA) software.

Reproducibility
To evaluate the variability between experiments, four 
different known concentrations of  DNA were amplifi ed 
by performing the assay described above in triplicate. For 
each experiment, the crossing point, average crossing 
point, standard deviation, and coeffi cient of  variation for 
each assay were calculated.

Sensitivity of FQ-PCR
To determine the detection limit of  this FQ-PCR assay, 
different quantities of  standard DNA and different cell 
numbers of  S. enteritidis were introduced in the FQ-
PCR. A range of  4 × 103 - 4 × 10-1 copies of  standard 
DNA of S. enteritidis was added. Then, the results of  
each concentration were measured by f luorometric 
analysis. Bacterial cell limit detection was as follows: 
S. enteritidis (Mouse, No. 50338) grown aerobically at 
37℃ for 18 h in 5 mL Luria-Bertani broth. Subsequently, 
1 mL of  overnight culture was harvested, and the pellet 
was resuspended in 500 μL TE buffer (pH 8.0), from 
which the number of  S. enteritidis cells was obtained by 
conventional viable count method. Then, a 10 fold serial 
dilution was performed on the overnight culture liquor, 
and the phenol/chloroform/isoamyl alcohol method was 
used to extract the DNA template serially from 10-6 - 10-10 

serial dilutions of  bacterial liquor. Finally, 1 μL aliquot per 
concentration of  the DNA template was subjected to a 
test of  bacterial cell sensitivity, and the result of  the viable 
count was used to obtain the fi nal result. The FQ-PCR was 
performed and analyzed as described above. 

Specifi city of the FQ-PCR
All 14 bacterial strains were used to assess the specifi city 
of  the FQ-PCR. The boiling method was used to prepare 
the DNA template, and 4 μL of  this was used in FQ-PCR.

Experimental infection of mice
Our infection model was based on previous studies, which 
showed that orally introduced S. enteritidis had a rapid 
transit time through the intestine and establishes itself  
within the walls of  the gut for more than 3 d[4,5,10-12,20]. 
Twenty-eight mice (age 9 wk, specifi c-pathogen-free) were 
purchased from the Animal Center of  Sichuan University, 
China. In brief, a group of  14 white mice were orally 
infected with a virulent S. enteritidis strain (Mouse, No. 
50338), at 2.0 × 104 cells per mouse. Another group of  
14 white mice was treated with an equal volume of  water 
as a control. Duodenum, jejunum, ileum, cecum, colon, 

rectum, esophagus and stomach were analyzed by FQ-
PCR at different post-inoculation time points, at 30 min, 1, 
2, 4, 8, 12, 16, 18, 24 and 36 h, and 2, 3, 4 and 5 d.

One mouse from each group was sacrificed at each 
time point and its organs were aseptically removed and 
immediately placed in 1.5 mL labeled snap-cap tubes. The 
contents were gently removed by lightly squeezing the 
excised organ and washing twice with 0.85% NaCl. Finally, 
the tissue samples, without contents in lumens, were placed 
in 1.5 mL labeled snap-cap tubes and frozen before use.

DNA extraction from the tissue samples was as 
follows. 0.3 g tissue samples from different segments 
of  the gastrointestinal tract were washed with 0.85% 
NaCl twice in order to confi rm the removal of  contents 
in lumens. Then, the samples were ground in 1.5 mL 
Eppendorf  tubes using a conventional method. The 
pellet was resuspended in 500 μL TE buffer (pH 8.0) with 
10 μL proteinase K (30 mg/mL) and incubated at 37℃ for 
3 h. Finally, a conventional phenol/chloroform/isoamyl 
alcohol method (preparation described above) was used to 
extract the genomic DNA of  S. enteritidis from tissue, and 
1 μL aliquot of  the sample DNA template was used for 
FQ-PCR detection. 

RESULTS
Specifi c verifi cation of FQ-PCR products
The primers of  FQ-PCR were used for conventional PCR 
with S. enteritidis (Mouse, No. 50338) DNA templates, in 
order to verify the specifi c amplifi cation. Results showed 
that the PCR produced an intense band with the expected 
130 bp for S. enteritidis, which indicated 100% specifi city.

FQ-PCR standard curve
One of  the main advantages of  FQ-PCR is the ability to 
quantitate unknown samples. With this assay, it is possible 
to carry out a rapid quantitative analysis of  DNA over a 
wide linear range, with an unknown template. By using a 
standard template containing from 9 × 108 - 9 × 103 copies, 
accurate results for a series of  samples were obtained, 
based on the data used to generate the standard curve 
with the iCycler IQ Detection System. The correlation 
coeffi cient for the associated standard curve was 1.000 and 
PCR efficiency was 97.3%, indicating  that the crossing 
threshold values for the standards fell within an acceptable 
range. Using the following formula, we could quantitate 
the number of  DNA copies of  S. enteritidis for unknown 
samples: Y= -3.389X + 44.276 (where Y is the threshold 
cycle, and X the log of  the starting quantity) (Figure 1).

Sensitivity of PCR
A range of  4.0 × 103-4.0 × 10-1 copies of  the S. enteritidis 
standard template was used, and the limit of  detection 
was 4 copies/μL. A sensitivity of  6 cfu/mL was obtained 
when 10-fold serial dilutions of  bacterial cell cultures were 
used as the PCR template (Figure 2). 

Reproducibility
Four different, known concentrations of  DNA (1.2 × 
109-1.2 × 106 copies/μL) were amplifi ed by performing the 

www.wjgnet.com

6570      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     December 28, 2007    Volume 13     Number 48



assay described above in triplicate. Analysis of  these values 
proved that the assay was reproducible, as the coeffi cient 
of  variation was statistically low, at < 1.5%. The threshold 
cycle for each concentration ranged from 1.2 × 109-1.2 × 
106 copies/μL and was different between 0.1-0.3 cycles 
and highly reproducible (Figure 3).

Specifi city of the PCR
All 14 bacterial strains used to assess the specificity of  
the PCR indicated that only S. enteritidis genomic strains 
showed positive results, while there was no amplifi cation 
with non-S. enteritidis strains (data not shown). 

Distribution of S. enteritidis in the gastrointestinal tract
The distribution of  S. enteritidis within the gastrointestinal 
tract after oral infection was determined by means of  FQ-
PCR at intervals on separate segments of  gut over a 5-d 
period. Results showed that the jejunum and ileum were 
positive at 8 h postinoculation, with approximately 200 
copies/g. Then, S. enteritidis was consistently detected in 
all segments of  the gastrointestine at 8 h post inoculation, 
and the last organ to show a positive result was the 
stomach at 18 h post inoculation. The copy numbers of  S. 
enteritidis in each tissue reached a peak at 24-36 h, with the 
jejunum, ileum and cecum containing high concentrations 
of  S. enteritidis, whereas the duodenum, colon, rectum, 
esophagus and stomach had low concentrations. Numbers 
of  bacteria decreased at 2-3 d, and by 4 d the level of  
S. enteritidis had clearly decreased, with the duodenum, 
colon, esophagus and stomach not having a positive result. 
The rectum had about 10 copies/g at 4 d post inoculation, 
and then the bacteria vanished. The rectum carried the S. 
enteritidis for up to 5 d in others without causing apparent 
symptoms. Importantly, with respect to the number of  

S. enteritidis cells at 5 d postinoculation, compared to the 
other organs the cecum had signifi cantly higher numbers 
of  S. enteritidis than all of  the other regions, with 103.3 
copies/g, whereas the jejunum had 101.5 copies/g, and the 
ileum had 101.3 copies/g (P < 0.01). The control group did 
not have any positive results at any time in any location. 
The details are given in Table 1.

DISCUSSION
Attachment to host tissues is the first important step 
for establishing a bacterial infection[13,14]. The fimbria 
Sef  14 is found in a limited number of  Salmonella enterica 

   1      2      3       4      5        6 

400

350

300

250

200

150

100

50

0

-50

PC
R
 b

as
e 

lin
e 

su
bt

ra
ct

ed
 C

F 
R
FU

 0     2   4    6    8   10  12  14  16  18 20  22 24  26  28 30  32  34  36  38  40 42  44 46

A

6
5

4
3

2

1

34
32
30
28
26
24
22
20
18
16
14
12
10

Th
re

sh
ol

d 
cy

de

 3 4 5                 6                 7                 8                 9

B
Unknowns

Standards

Correlation coeffi cient: 1.000  PCR effi ciency: 97.3%   Y = -3.389X + 44.276

Log starting quantity, copy number

Figure 1  Standard DNA template with 10 fold serial dilutions used to develop the 
standard curve. 1: 9 ×108 copies/μL; 2: 9 × 107 copies/μL; 3: 9 × 106 copies/μL; 4: 
9 × 105 copies/μL; 5: 9 × 104 copies/μL; 6: 9 × 103 copies/μL.

1

2

3
4

5

 Cycle

140

120

100

80

60

40

20

0

-20

-40

PC
R
 b

as
e 

lin
e 

su
bt

ra
ct

ed
 C

F 
R
FU

 0    2   4   6    8  10  12 14 16  18 20 22 24  26 28  30  32  34  36  38 40 42  44  46 48 50 52
 Cycle

1

2

3

4

5

110
100
90
80
70
60
50
40
30
20
10
0

-10
-20

PC
R
 b

as
e 

lin
e 

su
bt

ra
ct

ed
 C

F 
R
FU

 0    2   4   6    8  10  12 14 16  18 20 22 24  26 28  30  32  34  36  38 40 42  44  46 48 50 52
 Cycle

A

B

Figure 2  A: Sensitivity of FQ-PCR detection using 10 fold serial diluted S. 
enteritidis (Mouse, 50 338) standard template. 1: 4.0 × 103 copies/μL; 2: 4.0 × 102 
copies/μL; 3: 4.0 × 101 copies/μL; 4: 4.0 × 100 copies/μL; 5: 4.0 × 10-1 copies/μL; 
B: Sensitivity of FQ-PCR detection used 10 fold serial diluted S. Enteritidis (Mouse, 
50338) cell number. 1: 6.0 × 103 CFU/mL; 2: 6.0 × 102 CFU/mL; 3: 6.0 × 101 CFU/
mL; 4: 6.0 × 100 CFU/mL ; 5: 6.0 × 10-1 CFU/mL.

1     2   3   4

400

350

300

250

200

150

100

50

0

-50

PC
R
 b

as
e 

lin
e 

su
bt

ra
ct

ed
 C

F 
R
FU

  0     2    4    6    8   10   12  14  16  18  20  22 24   26  28   30  32   34   36  38  40  42   44   46
 Cycle

Figure 3  Reproducibility of FQ-PCR. 1: 1.2 × 109 copies/μL; 2: 1.2 × 108 copies/μL; 
3: 1.2 × 107 copies/μL ; 4: 1.2 × 106 copies/μL.

www.wjgnet.com

Deng SX et al.  Gastrointestinal tract distribution of Salmonella  enteritidis                                                    6571



serovars, including enteritidis. This surface structure 
appears to be required for macrophage uptake and 
survival in intraperitoneal infections[15], in contrast to 
other Salmonella fimbriae that promote binding to host 
epithelial cells[16]. There is also evidence that quorum 
sensing plays an important role in the life cycle of  
Salmonella serovar enteritidis[17]. Upon interaction with the 
intestinal epithelium, Salmonella can induce changes in the 
brush border known as membrane ruffles, survive and 
multiply there[18]. This study showed that S. enteritidis in 
orally infected mice very quickly reached the intestinal 
tract, especially the jejunum and ileum. We suggest that 
penetration by S. enteritidis occurs in the upper half  of  
the gastrointestinal tract, which possibly indicates sites 
that are more easily penetrated by S. enteritidis. This 
finding is compatible with results obtained in previous 
studies, which showed that S. enteritidis has a rapid 
transit time through the normal mouse intestine; a small 
proportion of  the inoculum establishes itself  within the 
walls of  the small intestine, before a systemic infection 
can be demonstrated[4,5,19]. However, these studies were 
unable to precisely establish the primary site of  bacterial 
invasion in these animals. From our study, it seems 
reasonable that the jejunum and ileum are most likely 
sites for bacterial penetration that is responsible for 
systemic infection. First, the jejunum and ileum were 
positive at 8 h post inoculation. Second, the S. enteritidis 
copy number reached a maximum between 8 h and 36 h
post inoculation, with copies of  S. enteritidis being 
about 10-10 000 times that of  other regions. Finally, by 
4 d post inoculation, the level of  S. enteritidis clearly 
decreased, with no bacteria in the duodenum, colon, 
esophagus and stomach, but S. enteritidis remained 
in the jejunum, ileum and cecum for up to 5 d post 
inoculation. At 12 h post inoculation, the S. enteritidis 
in the cecum were increasingly obvious, but less so in 
the jejunm and ileum (about 10 times fewer) at 24-36 h 
post inoculation. By 5 d post inoculation, the cecum had 
signifi cantly higher numbers of  S. enteritidis than all the 
other areas, with 103.3 copies/g, whereas the jejunum had 

101.5 copies/g, and the ileum had 101.3 copies/g (P < 0.01). 
Therefore, this appeared to reflect the function of  the 
cecum as a repository for S. enteritidis and a site for its 
penetration. By way of  contrast, Ozawa[20] has concluded 
that the primary site of  Salmonella infection involves the 
cecum and the large intestine.

Mucosal immunity provides the fi rst line of  protection 
following oral exposure to pathogens. In particular, 
the involvement of  mucosal IgA in protection against 
salmonellosis has been reported[21]. Secretory IgA limits 
mucosal colonization by S. enteritidis by preventing 
adherence and subsequent invasion of  the bacteria[22,23]. 
The environment of  the gastrointestinal tract can also 
prevent invasion by S. enteritidis to some extent. The 
lowest concentration of  S. enteritidis was found in the 
stomach, and this was the last area in which S. enteritidis 
was detected, which indicates that environmental factors, 
such as pH, can influence the survival and virulence 
of  S. enteritidis. It has been reported that normal host 
defenses are capable of  eliminating > 80% of  organisms 
from the gut within hours[20]. Most of  the Salmonella in the 
challenge inoculum had no pathogenic signifi cance, since 
only a few organisms passed through the mucosa of  the 
ileum during the initial hours of  infection. A previous 
study has shown that S. enteritidis colonization in the 
gastrointestinal tract can persist for as long as 18 wk post 
inoculation in hens[24]. Nevertheless, these few organisms 
have the potential to cause a lethal systemic infection[20]. 
Changes in the microenvironment in the gastrointestinal 
tract have important implications for understanding the 
gastrointestinal factors necessary for protection against 
S. enteritidis infection. S. enteritidis is distributed evenly 
along the intestinal tract, and the microenvironment may 
be a predictor for severity of S. enteritidis invasion and 
infection[25,26].

FQ-PCR has become a potentially powerful alternative 
in microbiological diagnosis due to its simplicity, rapidity, 
reproducibility and accuracy. The specific primer-probe 
combination is a powerful tool for detecting the genetic 
content of  closely related bacterial species[27,28]. A series 
of  sensitivity experiments was performed and proved 
that the detection limit of  this method was 4 copies/μL 
for standards template, and 6 cfu/mL for bacterial cell 
number. Four different, known concentrations of  DNA 
were amplifi ed by performing the assay described above in 
triplicate, and showed a coeffi cient of  variation less than 
1.5%. Also, one of  the main advantages of  FQ-PCR is 
the ability to quantitate unknown samples. With this assay, 
it is possible to carry out a rapid quantitative analysis of  
DNA over a wide linear range, with an unknown template. 
Simultaneously, variation in results may be due to the 
extraction efficiency of  DNA, the PCR inhibitors, or a 
large amount of  DNA from background organisms.

In conclusion, our results provide signifi cant data for 
clarifying the pathogenic mechanism of  S. enteritidis in the 
gastrointestinal tract, and show that the jejunum, ileum and 
cecum are the primary sites of  invasion in normal mice 
after oral infection. This study will help to understand the 
mechanisms of  action of  S. enteritidis.

Table 1  Distribution and quantity of S.  enteritidis in different 
time and segment of gastrointestinal tract in orally infection 
mice (lg copies/g)

Time     Duodenum Jejunum   Ileum  Cecum   Colon   Rectum Esophagus  Stomach

30 min 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
  1 h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
  2 h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
  4 h 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
  8 h 0.0 2.3 2.5 0.0 0.0 0.0 0.0 0.0
12 h 1.2 2.5 2.8 2.1 1.3 1.6 0.0 0.0
16 h 1.5 3.3 3.2 2.6 1.3 1.6 1.1 0.0
18 h 2.2 3.3 3.6 3.0 2.2 1.8 1.2 1.0
24 h 3.0 4.0 4.2 3.9 2.6 2.1 1.4 1.2
36 h 3.3 6.2 6.6 5.4 2.6 3.5 2.6 1.9
  2 d 2.2 4.1 4.0 3.9 1.6 2.6 1.6 1.7
  3 d 1.2 3.0 2.8 3.6 1.2 1.2 1.3 1.2
  4 d 0.0 2.5 2.3 3.4 0.0 1.1 0.0 0.0
  5 d 0.0 1.5 1.3 3.3 0.0 0.0 0.0 0.0
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 COMMENTS
Background
There are over 2500 serovars in the genus Salmonella. It has been a public health 
concern for over 100 years, and the incidence of Salmonella infections has risen 
dramatically, especially those caused by S. enteritidis. Therefore, knowledge about 
Salmonella infection could be an additional means for decreasing the incidence 
of infection. Infection with Salmonella is usually started by oral ingestion of the 
pathogen, and is followed by bacterial colonization of the gut and invasion of 
internal tissues. Therefore, it is necessary to understand its mechanisms of action 
in the gastrointestinal tract. 

Research frontiers
To date, the exact site of primary penetration of S. enteritidis in the gut has not 
been established. FQ-PCR, as a rapid, sensitive technique for precise quantitation 
of nucleic acid, will be an ideal method to study the distribution of S. enteritidis in 
the gastrointestinal tract.

Innovations and breakthroughs
Previous studies have shown that S. enteritidis establishes itself within the walls 
of the small intestine before a systemic infection can be demonstrated. However, 
these studies have been unable to identify the regular distribution pattern and 
the primary site of S. enteritidis invasion. In this study, we offered a significant 
improvement over previous studies, and suggested that the jejunum, ileum and 
cecum are the primary sites of invasion after oral infection.

Applications
This study will provide signifi cant data for clarifying the pathogenic mechanisms of 
S. enteritidis in the gastrointestinal tract, and may ultimately lead to new insights in 
prevention and therapy.

Terminology
Standard DNA template: The purified target DNA fragment for FQ-PCR 
amplifi cation that is usually used to generate standard curves. It can be generated 
by gel excised directly after a conventional PCR amplifi cation or after the target 
fragment is cloned using plasmid DNA.

Peer review
This study detected FQ-PCR S. enteritidis in different segments of the 
gastrointestinal tract in mice after oral infection, and demonstrated the regular 
distribution pattern and primary penetration sites of S. enteritidis. The method 
is simple and accurate, and it may lead to new ways to prevent S. enteritidis 
infection. 
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Abstract
AIM: To study the inhibitory effects of a Shuangling 
Fuzheng anticancer preparation (SFAP) on the human 
gastric cancer cell line SGC-7901 in vitro  as well as its 
immune-modulated effects in a cyclophosphamide-treated 
murine model. 

METHODS: MTT experiments and immunocytochemistry 
ABC experiments were performed for detecting the 
proliferation of SGC-7901 cells in vitro  and protein 
expression of c-myc. The staphylococcal protein A 
(SPA) rosette test was utilized for measuring the ratio 
of T-lymphocyte subsets from peripheral blood in a 
cyclophosphamide-treated murine model. Enzyme-
linked immunosorbant assay (ELISA) was performed for 
measuring the levels of serum sIL-2R in treated mice, while 
immunoturbidimetry was used for measuring the levels of 
immunoglobulins (Ig).

RESULTS: SFAP (40-640 mg/L, 48 h) inhibited the 
proliferation of SGC-7901 cells, and a positive correlation 
was noted between inhibitory effects and dosage. At a 
dosage of 160-320 mg/L in cultured cells, the expression 
of c-myc was decreased. SFAP (50-200 mg/kg) increased 
the percentage of CD3+ and CD4+ T-lymphocytes, the 
ratio of CD4/CD8, and the contents of Ig such as IgM, 
IgG or IgA, but decreased the levels of serum sIL-2R in 
peripheral blood from cyclophosphamide-treated mice.

CONCLUSION: SFAP can inhibit the proliferation of 
SGC-7901 cells via  the c-myc gene. In addition, SFAP 
can modulat the cellular and humoral immunity in 
cyclophosphamide-induced immunosuppressed mice.   

© 2007 WJG. All rights reserved.
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INTRODUCTION
Shuangling Fuzheng anticancer preparation (SFAP) is made 
through the basic modification of  Fuzheng anticancer 
granules (FAG). Clinical research has shown that FAG 
have  a therapeutic effect for many tumor patients. An 
empirical study has shown that FAG can prolong the 
life of  tumor-bearing mice and inhibit transplanted 
tumors. However, this inhibition ratio is lower than 
30%[1-3]. Modern pharmacologic studies have shown that 
atractylodes macrocephalae volatile oil[4], coixenolide[5-7], 
polysaccharides[8,9] and some other active constituents have 
anticancer activities. At the precondition of  Chinese Medical 
Syndrome Differentiation, we extracted some of  the 
effective anticancer constituents from FAG and developed 
SFAP. The main of  making SFAP include extraction of  
volatile oils from atractylodes macrocephalae, coixenolide 
from coix seed, and polysaccharides from part of  Fuzheng 
traditional Chinese medicines, boiling the other drugs with 
water as per the traditional method, and concentrating 
all constituents into a capsule preparation. The results of  
this experiment showed that the ratio of  SFAP anticancer 
activity was significantly greater than 30%[10]. The present 
study reports the effects of  SFAP on the proliferation of  
human gastric cancer cells and the expression of  related 
genes in vitro, as well as its modulating effects on immune 
function in a cyclophosphamide-treated murine model. 

MATERIALS AND METHODS
Cell line and animals
Human gastric cancer SGC-7901 cells, purchased from the 
Department of  Cellular and Molecular Biology, Shanghai 
Institute of  Biochemistry and Cell Biology, Academia 
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Sinica, were cultured in vitro for 2-3 d. ICR mice (at the age 
of  6-7 wk, weighing 18-22 g; 50% females) were obtained 
from Yangzhou University Medical Centre [animal 
production license number: SCXK (Su) 2002-0009].

Drugs and reagents
SFAP was made from Smilacis rhizome, Tuckahoe, honey-
fried Astragalus mongholicus, Atractylodes macrocephala, coix seed, 
processed Pinelliae tuber, Aurantii nobilis pericarpium and the 
like. We extracted volatile oil from Atractylodes macrocephala, 
coixenolide from Coicis semen, and polysaccharides from 
other drugs by boiling in water. They are then mixed at the 
concentrations specifi ed according to previous formulations. 
Lastly, the dried drugs were ground into coffee granules. 
An invention patent for the SFAP preparation protocol has 
been applied (application No.: 200610161699.5). SFAP was 
resuspended with RPMI 1640 (GibcoBRL, Maryland, USA) 
to a suitable dosage, fi ltrated, sterilized and stored at 4℃ for 
testing in vitro. MTT was from Sigma (St. Louis, MO, USA). 
Calf  serum, trypsin (1:250), ABC immunohistochemical 
detection kit (concentrated type) and DAB substrate kit were 
from Huamei Biotechnology Company. Monoclonal mouse 
anti-human c-myc antibodies were provided by Huamei 
Biotechnology Company. Red blood cell rosette reagent 
used to restrain the monoclonal antibody hypersusceptibility 
to CD3, CD4 or CD8 from treated mice was from the 
Wuhan Biologic Product Institute. The soluble interleukin-2 
receptor (sIL-2R) quantitative EIA kit was from Shanghai 
Senxiong Technology Industry Limited Company. Ig kit 
was obtained from Shanghai Sun Biological Products Co. 
Ltd. Injectible cyclophosphamide (CTX, batch number: 
20051204) was obtained from Shanxi Jinde Medicine 
Limited Company. Ultrapure water was self-prepared. 
Other reagents were all analytical reagents made in China. 
Adriamycin was from Shenzhen Wanle Pharmaceutical Co. 
Ltd.

MTT experiment 
SGC-7901 cells growing exponentially were digested 
with 2.5 g/L trypsin, then washed several times with 
PBS (pH 7.2). They were then counting and RPMI 1640 
contained 100 mL/L newborn bovine serum medium in 
order to adjust cell density to 1 × 108 cells/L. After the 
final cell suspensions were adjusted the to 100 μL/well, 
96-well plates were put into an incubator that containing
50 mL/L CO2, at 37℃ for 24 h. Then, 100 μL RPMI 
1640 containing different concentrations of  SFAP
(40-640 mg/L) was added to each well. Cells were cultured 
for 48 h. Four hours before the end of  culture, 100 μL 
supernatant was removed and 10 μL MTT (the final 
concentration was 5 g/L) was added and cultured for 4 h, 
to which acid isopropyl alcohol was subsequently added per 
routine. The absorbance (A) for each well were measured at
570 nm with an ELISA reader. The inhibition ratios were 
calculated with the following formula: (1 - the mean of  
treated group/the mean of  control group) × 100.

Immunohistochemical detection
Cells were cultured as previously described and the cell 
density was adjusted to 2 × 108 cells/L. After the above-
mentioned cell suspensions were added to a 4 mL culture 

flask, the flask was placed into an incubator containing 
50 mL/L CO2 at 37℃ for 24 h. Then, culture fl asks were 
randomly divided into groups for different concentrations 
of  SFAP (4 mL), and in the control group RPMI 1640
(4 mL) was added. After continuous culture for 48 h, cells 
were isolated, digested, and washed. The cells were fi xed 
with 40 g/L formalin, imbedded with paraffin, and then 
consecutively sliced at a thickness of  3 μm. The paraffi n 
slices were dewaxed and washed with graded alcohol, 
3 mL/L H2O2 methanol, and incubated for 10 min at 
room temperature in order to inactivate the endogenous 
peroxidase activity and eliminate non-specific staining. 
Next, mouse anti-human c-myc monoclonal antibody 
attenuated at 1:100 was added, and incubated at 4℃ 
following the addition of  biotinylated sheep anti-mouse 
IgG. After the above-mentioned mixture was incubated at 
37℃ in a moisture-saturated plastic chamber for 30 min, 
ABC compound was added and incubation was continued 
for 30 min, followed by three 5-min PBS washes. Staining 
with DAB was observed by microscope for 5-10 min, after 
which the cells were washed with tap water for 3 min in 
order to terminate the reaction. Finally, the slices were 
stained with haematoxylin, dehydrated, cleared, mounted 
and observed with a microscope. A light yellow cytolymph 
indicated positive expression of  c-myc protein. Every 
slice was observed under fi ve high power fi elds and each 
positive expression ratio was counted per the following 
formula: positive expression ratio = (the sum of  positive 
cells/the sum of  all the cells) ×100%.

Influence on of SFAPT-lymphocyte subsets from the 
peripheral blood
The animal study protocol was approved by the Ethics 
Committee of  Yangzhou University Medical College.

A total of  30 ICR mice, half  being female, were 
randomly divided into fi ve groups: NS group, CTX group 
and three (CTX + SFAP) treatment groups. The ICR 
mice in the NS group were treated ig and ip with 0.01 
mL/g normal saline (NS) once a day for 5 d; the CTX 
group was treated ip with 40 mg/kg CTX and ig with 
NS once a day for 5 d; three (CTX + SFAP) treatment 
groups were treated ip with CTX 40 mg/kg and ig with 
SFAP, such that the dose was 50, 100 or 200 mg/kg SFAP 
once a day for 5 d. The Staphylococcal protein A (SPA) 
rosette test was utilized on the sixth day for measuring 
the ratio of  T-lymphocyte subsets from peripheral blood. 
The eyes of  the mice were removed and venous blood 
was gathered (about 1 mL), which was then placed into 
an anticoagulated heparin test tube. One milliliter of  
NS was added to the test tube. After mixing, 2 mL of  
T-lymphocyte cell separating medium was added, and 
then the blood sample was centrifuged for 15 min at 3000 
r/min. The intermediate buffy coat was collected and 
washed three times with Hank’s solution. The number 
of  T-lymphocytes was then adjusted to 1000/mm3.
The intermediate lymphocyte suspension (10 μL) was 
placed into three test tubes and 10 μL of  the red blood 
cell suspension was added to each tube in order to restrain 
monoclonal antibody hypersusceptibility of  CD3, CD4 
or CD8 in mice. After incubating the above-mentioned 
suspension at 37℃ for 30 min, it was centrifuged for 
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3 min at 1000 r/min, made into a slice, dried, and was 
colored with Gliemsa solution for 30 min. The number of  
cells positive for CD3, CD4 or CD8 were then observed 
through a microscope. A T-lymphocytes binding with 
more than 3 red cells (rosette formation) was defined 
as positive. More than 200 T-lymphocyte were counted, 
and the percentage of  cells with rosette formation was 
calculated. 

Infl uence on serum sIL-2R contents 
As described above, ICR mice were grouped and 
treated; in this case, the dose of  CTX administered was 
10 mg/kg. The eyes were removed, venous blood was 
gathered (about 1 mL) and blood serum was centrifuged 
on the sixth day. Per kit instructions, ELISA was used 
to measure the levels of  sIL-2R from blood serum 
in treated mice. The sample dilution (50 μL) and the 
solution awaiting detection (50 μL) were put into each 
well of  the reaction plate. After mixing, the reaction 
plate was stored at 37℃ for 2 h, and was subsequently 
washed 4-6 times and blotted on filter paper. The first 
antibody (100 μL) was placed into each well, the reaction 
plate was stored at 37℃ for 1 h, and then washed as 
described above. The enzyme-labeled antibody (100 μL) 
was placed in each well and was stored at 37℃ for 1 h; 
the reaction plate was then washed as described above. 
The substrate (100 μL) was placed into each well, and 
was allowed to react for 5-10 min in the dark at 37℃.
Lastly, one drop of  stop buffer was put in each well and 
mixed, from which absorption was then detected at 492 
nm. The levels of  sIL-2R were determined according to 
the standard curve of  absorption-concentration.

Infl uence on serum Ig contents
As described above, the dose of  CTX was changed to 
10 mg/kg. Immunoturbidimetry was utilized for measuring 
the levels of  Ig from blood serum in mice on the sixth 

day. The eyes were removed, venous blood was collected 
(1 mL), and the sample was centrifuged. The diluted blood 
serum (40 μL, 10 μL or 80 μL) was put into a test tube, 
and 1 mL IgA, IgG or IgM was added to each tube. After 
mixing, the samples were immersed in a water bath at 37℃
for 15 min, a semi-automatic biochemistry analyzer zero 
was adjusted to 340 nm with NS, and the absorption for 
each test was detected. The levels of  IgA, IgG or IgM 
were computed according to the absorption-concentration 
standard curve.

Statistical analysis
Data are presented as the mean ± SD for all experiments. 
Comparisons of  numerical data were performed using the 
t test, and comparisons of  categorical data were performed 
using χ2 test.

RESULTS
Effect of SFAP on proliferation of SGC-7901 cells
SFAP (40-640 mg/L, 48 h) inhibited proliferation of  SGC-7901 
cells in a dose-dependent manner. This effect was statistically 
signifi cant at dosages of  160 mg/L and 320 mg/L (Table 1).

Effect of SFAP on c-myc protein expression in SGC-7901 
cells
SFAP decreased the expression of  c-myc protein in SGC-7901. 
This was statistically significant when compared with the 
control group (Table 2).

Effect of SFAP on distribution of T-lymphocyte subsets 
from the peripheral blood in mice
CTX (40 mg/kg) decreased the percentage of  CD3+ and 
CD4+ T-lymphocytes and the ratio of  CD4/CD8 from 
the peripheral blood, which was statistically significant 
compared with the control group. The percentage of  the 
CD3+ and CD4+ T-lymphocytes was increased in all three 
SFAP dosage groups (50, 100 or 200 mg/kg), with the 
difference being statisticall signifi canct in the largest dosage 
group (200 mg/kg), compared with the CTX group. The 
moderate and largest dosage groups (100 and 200 mg/kg,
respectively) increased the ratio of  CD4/CD8 from the 
peripheral blood, and this was statistically significant 
compared with the CTX group (Table 3).

Effect of SFAP on serum sIL-2R and Ig contents 
CTX (10 mg/kg) increased the levels of  sIL-2R in the serum, 
which was highly signifi cantly different compared with the NS 
control group (P < 0.01). Both moderate and largest dosage 

Table 2  Infl uence of SFAP on expression of c-myc  protein in 
SGC-7901 cells (mean ± SD) 

Group Dose (mg/L) Positive c-myc rate (%)

Control     0               22 ± 6
SFAP 160               11 ± 3b

SFAP 320                 9 ± 3b

 bP < 0.01 vs control.

Table 3  Influence of SFAP on T-lymphocyte subsets from 
peripheral blood in cyclophosphamide-treated mice

Group Dose (mg/kg) CD3 (%) CD4 (%) CD8 (%) CD4/CD8
NS control         0 46.2 ± 4.5  28.5 ± 1.4 17.7 ± 2.16 1.6 ± 0.1
CTX control       40 37.5 ± 2.4b 21.5 ± 2.2b 16.3 ± 1.6 1.3 ± 0.1b

SFAP + CTX       50 + 40 38.7 ± 2.2 22.2 ± 2.3 16.7 ± 2.0 1.3 ± 0.2
SFAP + CTX     100 + 40 39.7 ± 3.1 24.2 ± 2.3 16.2 ± 1.5 1.5 ± 0.1c

SFAP + CTX     200 + 40 42.3 ± 2.5d 26.7 ± 2.3d 16.8 ± 1.5 1.6 ± 0.1d

bP < 0.01 vs NS control; cP < 0.05, dP < 0.01 vs CTX control group. 

www.wjgnet.com

Chen HS et al . SFAP on SGC-7901 and immune function in mice                                                                          6577

Group Dose (mg/L) A value Rate Inhibition (%)

Control     0 0.290 ± 0.027               0
SFAP   40 0.248 ± 0.055              14.5
SFAP   80 0.239 ± 0.044             17.6
SFAP 160 0.230 ± 0.034             20.7
SFAP 320 0.220 ± 0.041a             24.1
SFAP 640 0.212 ± 0.009b             26.9
Adriamycin     2 0.125 ± 0.037b             56.9

aP < 0.05, bP < 0.01 vs Control.

Table 1  Inhibitory effect of SFAP on proliferation of 
SGC-7901 cells (mean ± SD) 



groups (100 mg/kg and 200 mg/kg) decreased the levels of  
sIL-2R in serum from mice treated with cyclophosphamide, 
which was statistically significant compared with the CTX 
group (Table 4). In addition, CTX (10 mg/kg) inhibited the 
elaboration of  Ig, and was significantly different compared 
with the NS control group. All three SFAP groups increased 
the levels of  IgA, IgG and IgM in the serum when induced 
by cyclophosphamide, with statistical signifi cance for the large 
and moderate dose groups when compared with the CTX 
control group (Table 4).

DISCUSSION
The target cells in this study were from the cell line 
SGC-7901. After culturing in vitr o for 48 h, MTT 
experiments were utilized to detect SGC-7901 proliferation 
in vitro. The results proved that SFAP (40-640 mg/L)
inhibited the proliferation of  SGC-7901 and the 
correlation between the inhibitory effects and the dosage 
was positive, such that there was a dose-effect relationship. 
From this observation, we postulate that SFAP directly 
inhibits the proliferation of  SGC-7901 cells. The c-myc 
protein is the key to controlling the proliferation of  these 
cells, and has been shown to induce tumor cells into 
multiplication cycles and promote hyperplasia[11-14]. We 
utilized the immunocytochemistry ABC experiment to 
detect the influence of  SFAP on protein expression of  
c-myc in SGC-7901 cells. The results proved that SFAP 
(40-640 mg/L) decreased protein expression of  c-myc in 
these cells. These data imply that c-myc probably affects 
the regulation of  tumor cell proliferation. Considerable 
evidence has demonstrated that when immunomodulatory 
mechanisms are suppressed, the incidence rate of  the 
tumor increases and the speed of  cancer metastasis and 
growth quickens. When the malignancy grows constantly 
or radiotherapy and/or chemotherapy are applied to 
manage the tumor, the immunomodulatory mechansisms 
of  the patient decline. Thus, there is a close relationship 
between immunomodulatory activity and the appearance 
of  cancer[15-18].

Cellular immunity is the key to host tumor immunity, 
and T-lymphocytes are the critical immune component for 
tumor immunity. The cluster differentiation (CD) antigen 
is an important immune cell membrane molecule. CD3 
antigen is present on the cell membrane of  all mature 
T-lymphocytes in the peripheral blood and is involved in 
CD4+ and CD8+ T-lymphocyte response. The former is 
mainly a helper T-lymphocyte, which can also assist B cells 
to generate antibodies, and the later is chiefl y a suppressor 
T-lymphocyte which can release suppressive cytokines to 

suppress cellular and humoral immune responses. When 
T-lymphocyte-mediated cellular immunity is weakened, 
CD4 is decreased while CD8 is increased, thus the ratio 
of  CD4/CD8 decreases[19-23]. Our experimental results 
show that SFAP treatment at all used dosages increased the 
percentage of  CD4+ cells in the CTX mouse model, and at 
the same time increased the ratio of  CD4/CD8. IL-2 is an 
important immune factor secreted by helper T-lymphocytes, 
which after combining with IL-2R could promote immune 
cell proliferation and suppress tumor cell division. sIL-
2R derives mainly from active T-lymphocyte membrane 
receptor proteins which could competitively bind to IL-2, 
thereby restraining the biological activity of  IL-2. Thus, sIL-
2R is regarded as an important immune suppressor[24-28]. The 
experimental results in the present study show that SFAP 
signifi cantly decreased the level of  sIL-2R in a CTX mouce 
model, which suggests that SFAP could enhance cellular 
immune function in mice inhibited by CTX. 

Humora l  immuni ty  i s  c r i t i ca l  to  host  tumor 
immunity[29]. For example, a variety of  antibodies from the 
blood promote effector cells to recognize and kill tumor 
cells. Our results show that SFAP is capable of  enhancing 
humoral immune function in mice inhibited by CTX by 
increasing the serum levels of  IgA, IgG and IgM.

Many traditional Chinese medicines derived from 
the Fuzheng drug are capable of  enhancing immune 
function with few adverse effects; however, the amount 
of  tumor death is small. Traditional cytotoxic drugs 
are powerful enough to kill tumor cells, but they come 
with high toxicity, especially with regards to immune 
and hemotologic function[30]. Thus, many doctors avoid 
using these kinds of  drugs to their patients. The results 
of  our experiments show that SFAP directly inhibits 
the proliferation of  SGC-7901 cells and enhances the 
cellular and humoral immune function inhibited by CTX. 
These effects may be beneficial for cancer prevention, 
anti-cancer therapies, prevention of  cancer relapse and 
metastasis, and avoidance of  adverse reactions from 
radiotherapy and chemotherapy.
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 COMMENTS
Background
Malignant tumors are one of the most common causes of mortality in China and 
the world. While surgical treatment predominates in comprehensive therapy 

Table 4  Infl uence of SFAP on serum sIL-2R and Ig levels in cyclophosphamide-treated mice (mean ± SD)

Group Dose(mg/kg) sIL-2R (pmol/L) IgA(g/L) IgG(g/L) IgM(g/L)

NS control     0 30.4 ± 2.5 2.92 ± 0.84 8.07 ± 0.94 2.31 ± 0.51
CTX control   10 77.8 ± 8.5b 1.77 ± 0.14b 6.35 ± 0.63b 1.68 ± 0.14a

SFAP + CTX   50 + 10 75.9 ± 6.4 2.02 ± 0.31 6.87 ± 0.34 1.82 ± 0.27
SFAP + CTX 100 + 10 59.6 ± 6.1d 2.31 ± 0.48c 7.70 ± 0.37d 2.16 ± 0.33d

SFAP + CTX 200 + 10 52.7 ± 5.7d 3.11 ± 0.72d 7.87 ± 0.59d 2.49 ± 0.46d

aP< 0.05, bP < 0.01 vs NS control ; cP< 0.05, dP < 0.01 vs CTX control.
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for tumors, anti-tumor drugs still play an important role. Currently, cytotoxic 
compounds remain the major constituent of chemotherapy drugs. However, 
cytotoxic compounds have poor therapeutic effects on the solid tumors and 
generate higher toxic side-effects and drug resistance. Many Chinese traditional 
medicines can enhance the immune function of the host, with few toxic side-effects 
when used in the treatment of tumors.

Research frontiers
Shuangling Fuzheng anticancer preparation (SFAP) consists of Fuzheng and 
Quxie Chinese traditional medicines. SFAP directly inhibits the proliferation 
of cancer cells through the action of Fuzheng, and also promotes cellular and 
humoral immune function in a cyclophosphamide-treatment mouse model through 
its Quxie action.

Innovations and breakthroughs
Fuzheng anticancer granules (FAG) promote immune function and inhibit 
transplanted tumors in mice, but the inhibition rate is less than 30%. SFAP has 
the same constituents of FAG, but improves the action of FAG. At the precondition 
of Chinese Medical Syndrome Differentiation, the main characteristics of SFAP 
production were extraction of volatile oils from Atractylodes macrocephalae, 
coixenolide from coix seed, and polysaccharides from part of Fuzheng traditional 
Chinese medicines, boiling the other drugs with water as per the traditional 
method, and concentrating all constituents into a capsule preparation. The 
results of this experiment showed that the ratio of SFAP anticancer activity 
was significantly greater than 30%. Moreover, SFAP could directly inhibit the 
proliferation of the cancer cells in vitro, and also promote immune function in 
cyclophosphamide-treated immunosuppressive mice.

Applications 
The immune function of the human body has a close association with the 
development of cancer. On the one hand, when immune function is suppressed, 
the incidence of cancer increases and the speed of cancer metastasis quickens. 
On the other hand, when the malignancy grows constantly in vivo or radiotherapy 
or chemotherapy is given to cancer patients, immune function declines as the 
state of illness worsens. SFAP could directly control tumor cell growth and adjust 
the balance of cellular and humoral immunity of human body under different 
conditions. It exerts not only Fuzheng action, but also Quxie action. SFAP may 
be beneficial for all cancer patients and of applications in cancer prevention, 
anticancer therapy with few adverse reactions.

Peer review
The Chinese traditional medicine constituents of SFAP are logical and scientifi c. 
Its preparation process has many salient features. The preparation exerts not 
only Fuzheng action, but also Quxie action. The inhibition ratio of SFAP on 
tumor is higher than common Chinese traditional medicine, and the toxic side-
effects are less than those of conventional anti-tumor chemotherapy drugs. As 
a new compound for anti-tumor therapy, SFAP should be developed as soon as 
possible.
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Abstract
AIM: To observe the gene silencing mediated by the 
specifi c shRNA targeted against β-catenin and its effect 
on cell proliferation and cycle distribution in the human 
colon cancer cell line Colo205.

METHODS: Two shRNA plasmid vectors against 
β-catenin were constructed and transfected into Colo205 
cells with LipofectamineTM2000. The down-regulations 
of β-catenin, c-myc and cyclinD1 expressions were 
detected by RT-PCR and western blot analysis. The cell 
proliferation inhibitions were determined by MTT assay 
and soft agar colony formation assay. The effect of these 
two β-catenin shRNAs on cell cycle distribution and 
apoptosis was examined by fl ow cytometry.

RESULTS: These two shRNA vectors targeted against 
β-catenin efficiently suppressed the expression of 
β-catenin and its down stream genes, c-myc and 
cyclinD1. The expression inhibition rates were around 
40%-50% either at the mRNA or at the protein level. 
The shRNA-mediated gene silencing of β-catenin resulted 
in signifi cant inhibition of cell growth both on the culture 
plates and in the soft agar. Moreover, the cancer cells 
showed signifi cant G0/G1 arrest and increased apoptosis 
at 72 h post transfection due to gene silencing.

CONCLUSION: These specifi c shRNAs targeted against 
β-catenin could have a gene silencing effect and block 
the WNT signaling pathway. They could inhibit cell 
growth, increase apoptosis, and induce cell cycle arrest 
in Colo205 cells. ShRNA interference against β-catenin is 
of potential value in gene therapy of colon cancer.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Colon cancer is still a serious disease and an abnormal 
WNT signaling transduction pathway is considered to 
play an important role during its carcinogenic process. 
Mutations that activate the WNT pathway have been 
implicated in colon cancer by turning on genes encoding 
oncoproteins and cell-cycle regulators. In the absence of  
the WNT signal, β-catenin is localized in cell-cell junctions, 
but very low in the cytoplasm and nucleus because 
excessive β-catenin in cytoplasm is targeted to proteasome-
mediated degradation by a complex containing GSK-3β, 
Axin and APC[1-4]. The binding of  WNT proteins to their 
receptor, frizzled, stabilizes β-catenin by inhibiting the 
activity of  the GSK-3β. Then β-catenin associates with 
members of  the TCF/LEF family and migrates to the 
nucleus, where this complex activates the transcription 
of  genes, such as c-myc and cyclinD1, which promote 
proliferation and regulate the cell cycle[5-7]. So, the key 
step in activating the WNT pathway is the stabilization of  
β-catenin and its translocation into the nucleus, which may 
serve as a potential target for colon cancer therapy.

RNA interference (RNAi) is a post-transcriptional gene-
silencing mechanism, which was fi rst discovered by Fire and 
his colleagues in 1998[8]. RNAi is often exploited for specifi c 
gene silencing, which is initiated by introduction into cells 
of  double-stranded RNA (dsRNA) that are homologous 
to the sequence of  the target gene. In order to avoid the 
nonspecifi c global shutdown of  protein synthesis inside the 
cells and adapt to mammalian cells, the short duplexes of  
synthetic 21-23 nt RNAs were annealed and then introduced 
into mammalian cells. This was called small interfering RNA 
technique (siRNA)[9-11]. In this study, two shRNA plasmid 
vectors against β-catenin, which could persistently generate 
siRNA inside cells, were constructed and transfected into the 
colon cancer cell line Colo205. Its effect on cell proliferation 
and cycle distribution in this cell line was investigated.
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MATERIALS AND METHODS
Cell line and culture 
The human colon cancer cell line Colo205, which was 
kindly provided by my team colleague, Dr Liyong, was 
cultured in DMEM (Gibco, USA), and supplemented 
with 10% FBS (Sigma, USA), 100 units/mL penicillin G, 
and 100 μg/mL streptomycin (Gibco, USA) at 37℃ in a 
humidifi ed 5% CO2/95% air atmosphere.

Design of shRNA and plasmid preparation
Plasmid vector Pgenesil was purchased from Wuhan 
Genesil Biotechnology Co Ltd. Two different targeted 
sequences were designed to be homologous to the 
β-catenin mRNA consensus sequence (GeneBank 
NM_001904). A negative control sequence was also 
designed as the same process, which had no homology 
with human beings or mice. The complementar y 
oligonucleotides encoded a hairpin structure with a 
21-mer stem and a 9-bp loop. The stem was derived from 
the mRNA target site. The loop sequence separated the 
two complementary domains. All the sequences were 
transcribed with DNA polymerase Ⅲ U6 promoter in 
plasmid Pgenesil. These two β-catenin plasmids were 
named Pgenesil-CAT1 and Pgenesil-CAT2 respectively. 
The negative control plasmid was named Pgenesil-
Neg. (Table 1) The transformation of  these plasmids 
into competent cells DH5α and extraction of  plasmids 
followed the routine process.

Plasmid transfection 
Approximately, 1 × 106 cel ls/wel l were plated in 
6-well plates in medium containing 10% FBS to grow 
overnight to 80%-90% confluency. Transfection of  
the shRNA oligonucleotides was performed by using 
LipofectamineTM2000 (Invitrogen, USA). Colo205 cells 
were divided into blank control group, negative control 
group and two test groups (CAT1 and CAT2). Only 
LipofectamineTM2000 was used for transfection in the 
blank control group. Plasmid Pgenesil-Neg was used for 
transfection in the negative control group. Plasmids Pgenesil-
CAT1 and Pgenesil-CAT2 were used for transfection in 
the test groups (CAT1 and CAT2) respectively. In the 
above three groups, the cells were all transfected with the 
mixture of  plasmid and Lipofectamine TM2000 (1:3) in
2 mL serum-free medium. At 6 h post-transfection, 500 μL 
FBS/well was added. At 26 h after transfection, the medium 
was replaced by normal medium containing 10% FBS and 
antibiotics up to 72 h post-transfection.

RNA isolation and semiquantitative reverse transcription 
PCR(RT-PCR)
At forty-eight hours post-transfection, 1 × 106 cells 
were collected and total RNA was extracted, using the 
Trizol reagent (Invitrogen, USA) under its operational 
instruction. The concentration and purity of  the total 
RNA were detected with UV spectrophotometer analysis 
at 260 nm and the electrophoresis detection showed good 
quality of  purifi ed RNA. RT-PCR was performed by the 
two-step method. Synthesis of  cDNA was performed 
by using the cDNA synthesis kit (Fermentas, USA) and 
following the manufacturer’s instructions. For quantitative 

analysis of  β-catenin, c-myc and cyclinD1 mRNA, the 
expression of  house keeping gene, β-actin mRNA, was 
used as an internal standard. Primer pairs were designed 
according to the sequences in the GenBank (Table 2).

The PCR fragments were separated and visualized 
in 1.5% agarose gels stained with ethidium bromide. 
Semiquantitative analysis was performed with the Bio-
1D gel analysis software. All experiments were done in 
triplicate. The ratio of  the photodensity of  the RT-PCR 
product of  goal gene and β-actin was used to identify the 
expression intensity of  goal gene. The inhibition rate of  
goal gene expression was calculated with the following 
formula: inhibition rate of  goal gene expression (IR) =
(1 - E1/E2) × 100%. E1: the expression intensity of  goal 
gene in the observation group; E2: the expression intensity 
of  goal gene in the blank control group. 

Western blot
The cells were divided and transfected as above for 48 h.
After collection from the culture medium, the cells were 
washed three times with PBS and lysed in 150 μL of  ice-
cold Tris buffer (50 mmol/L, pH 7.5). The Tris buffer 
contains 5 mmol/L edetic acid, 150 mmol/L NaCl, 
0.1% NP-40, 0.1% SDS, 2.0 g/L aprotinin, 0.02% NaN3,
0.2 mmol/L PMSF, and antiprotease mixture. Then the 
cells were sonicated, and centrifuged at 12 000 × g for 
15 min. The Coomassie brilliant blue G-250 was used to 
determine the concentration of  protein in each lysate. 
Loading buffer was added to each lysate, which was 
subsequently boiled for 3 min and then electrophoresed 
by SDS-PAGE. The proteins were mixed with 2 × loading 
buffer with the same volume before electrophoresis. After 
transferring onto nitrocellulose, proteins were incubated 
with antibodies (β-catenin, c-myc and cyclinD1, purchased 
from Santa Cruz, USA) and then with peroxidase-
conjugated secondary antibody (Bolster, China). Detection 
was performed with an enhanced chemiluminescent agent. 
Signals were detected with the ECL Test Kit (Maixin, 
China). The β-actin staining served as the internal standard 
for all membranes. The inhibition rate calculating formula 
is the same as that described in the RT-PCR section. All 
experiments were done in triplicate.

MTT assay
The transfected cells were seeded in 96-well plates 
(1 × 104/mL) and allowed to attach for about 24 h. The 
MTT (Sigma, USA) was dissolved in PBS at a concentration 
of  5 mg/mL and fi ltered. Ten microlitres of  stock solution 
were added to 100 microlitres of  medium in each well. 
Then, the plates were incubated for 4 h at 37℃. After 
loading of  MTT, the medium was replaced with 100 μL
DMSO and left for 30 min at room temperature for 
colour development. The 96-well plates were read by an 

Table 1  Oligonucleotides sequences of β-catenin specifi c and 
negative control siRNA

Name        Sequence of siRNA Target sites
Pgenesil-CAT1 AACAGTCTTACCTGGACTCTG 0290-0310
Pgenesil-CAT2 AAAGGCAATCCTGAGGAAGAG 0355-0375
Pgenesil-Neg GACTTCATAAGGCGCATGC No homology

6582      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol     December 28, 2007    Volume 13     Number 48

www.wjgnet.com



enzyme-linked immunosorbent assay reader (570 nm, DG-
3022A, USA) to determine absorbance values (A). The 
absorbance values were determined at 36, 48, 60, 72 h after 
transfection in each group respectively. The experiments 
were repeated three times. The Inhibition rate was 
calculated by the following formula. Inhibition rate (IR) = [1 
- A1/A2] × 100% A1: absorbance value of  the observation 
group A2: absorbance value of  the control group.

Soft agar colony formation assays
At 24 h after transfection as above, the cells of  different 
groups were mixed with the above mentioned culture 
media containing 0.4% agar. Then 1000 cells were 
resuspended and seeded in triplicate into 6-well plates 
coated with 0.5% agar in DMEM containing 10% FBS. 
After 10 d incubation, the colonies were counted. Colony 
effi ciency (CE) was determined by counting the number 
of  colonies greater than 60 μm in diameter at × 100 
magnifi cation in each plate.

Flow cytometry
Cells of  each group seeded in culture plates were 
transfected as described above. After incubation for 72 h, 
cells were harvested by trypsinization and centrifugation, 
washed with cold PBS and fixed overnight with 80% 
ethanol at -20℃. The fixed cells were collected, washed 
and resuspended in PBS containing 10 μg/mL propidium 
iodide (Sigma, USA) and 100 μg/mL RNase A (Takara, 
Dalian, China), then incubated at 4℃ for at least 
30 min avoiding light to eliminate the intracellular RNA. 
Subsequent analyses were performed by flow cytometry 
(Becton Dickinson, USA). The experiments were repeated 
three times.

Statistical analysis
The results were expressed as mean ± SD. The data were 
treated by one-way analysis of  variance and Student’s 
t-test to determine statistical signifi cance with SPSS 11.5 
statistic software. P < 0.05 was considered statistically 
signifi cant.

RESULTS
Construction and verifi cation of plasmids
The multiclone sites of  plasmid Pgenesil were as follows: 
HindⅢ -ShRNA-BamHI-U6Promotor-EcoRI-SalI-XbaI-DraⅢ .
A SalI site for plasmid Pgenesil was designed in the inserted 
fragments between the sites of  BamHI and HindⅢ . If  the 
insertion was correct, a band about 400 bp should be cut off  
by SalI. The results of  digestion with restriction endonucleases 
and sequencing showed correct plasmids (Figure 1).

Inhibition of mRNA expression by β-catenin shRNA 
The mRNA expression intensities of  goal genes, inhibited 
by specific shRNAs in the colon cancer cells, were 
analyzed by semiquantitive RT-PCR. The mRNA levels 
were normalized by internal control β-actin (Figure 2). 
At forty-eight hours post-transfection, the expression 
intensities of  β-catenin mRNAs in the blank control, 
negative control and test groups (CAT1, CAT2) were 
0.98 ± 0.02, 0.96 ± 0.03, 0.51 ± 0.03 and 0.55 ± 0.01, 
respectively. The other genes’ mRNA expression intensities 
were shown in the table (Table 3). The statistical analysis 
showed that β-catenin mRNAs of  Colo205 cells in the 
CAT1 and CAT2 groups were down regulated signifi cantly 
after transfection with either plasmids Pgenesil-CAT1 or 
Pgenesil-CAT2, compared with that in the blank group
(P < 0.05). The inhibition rates were 47.89% and 43.91% 
in the CAT1 and CAT2 group, respectively (Figure 2). But 
there is no signifi cant difference between these two groups. 
The plasmid Pgenesil-Neg had no significant inhibitive 
effect on the expression of  β-catenin mRNA (P > 0.05, vs 
blank) (Table 3). The statistical results of  gene c-myc and 
cyclinD1 were similar to that of  β-catenin. (Table 3). 

Table 2  Oligonucleotides sequences of primer pairs

Goal gene             Upstream primer           Downstream primer PCR frag(bp)

β-actin 5'-TCCTGTGGATCCACGAAACT-3' 5'-GAAGCATTTGCGGTGGACGAT-3'          330 
β-catenin 5'-AGATGCAGCAACTAAACAGGA-3' 5'-GTACTACATTTTAAGCCATCT-3'          290 
C-myc 5'-TACCCTCTCAACGACAGCAG-3' 5'-TCTTGACA TTCTCCTCGGTG-3'          477 
CyclinD1 5'-GCCAACCTCCTCAACGACCGG-3' 5'-GTCCATGTTCTGCTGGGCCTG-3'          744 

Table 3  The mRNA expression intensities of genes in different 
groups normalized by β-actin

Goal gene Blank Control  Negative   CAT1    CAT2
β-catenin     0.98 ± 0.02 0.96 ± 0.03 0.51 ± 0.03 0.55 ± 0.01
C-myc     0.97 ± 0.01 0.96 ± 0.02 0.48 ± 0.04 0.52 ± 0.01
CyclinD1     0.98 ± 0.02 0.97 ± 0.03 0.47 ± 0.02 0.50 ± 0.02
P aP > 0.05 aP > 0.05 aP > 0.05

aP: Observation group vs blank control group.
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Figure 1  Identifi cation of plasmid Pgenesil by restriction enzyme digestion. Lane 1: 
Marker; Lane 2: Plasmid Pgenesil-CAT1; Lane 3: Plasmid Pgenesil-CAT1 digested 
by SalI; Lane 4: Plasmid Pgenesil-CAT2; Lane 5: plasmid Pgenesil-CAT2 digested 
by SalI; Lane 6: Plasmid Pgenesil-Negative; Lane 7: Plasmid Pgenesil-Negative 
digested by SalI.
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Inhibition of protein expression by β-catenin shRNA 
The down-regulated efficiencies of  protein expressions 
inhibited by specific shRNAs in Colo205 cells were 
analyzed by western blot. The protein levels were 
normalized by internal control β-actin. (Figure 3) At forty-
eight hours post-transfection, all the protein expression 
ratios (protein vs β-actin) were calculated and shown in 
Figure 3 and Table 4. For example, the ratio of  β-catenin 
/β-actin were 0.95 ± 0.02, 0.89 ± 0.04, 0.52 ± 0.02 and 
0.56 ± 0.03, in the blank control, negative control and 
test groups (CAT1,CAT2) respectively. The statistical 
analysis showed that both the plasmid Pgenesil-CAT1 and 
Pgenesil-CAT2 could have a significant down-regulation 
effect on the protein expression of  β-catenin in Colo205 
cells (P < 0.05, vs blank). But there is no significant 
difference between these two groups. The similar statistical 
results could be detected on the protein expression 
of  gene c-myc and cyclinD1 (P < 0.05, vs blank). The 
inhibition rates were around 40%-50%. Reasonably, the 
plasmid Pgenesil-Neg had no inhibitive effect on any gene 
of  β-catenin, c-myc and cyclinD1 (P > 0.05, vs blank). 

Inhibition of cell proliferation by β-catenin shRNA
The proliferation of  Colo205 cells inhibited by specific 
shRNAs was analyzed by the MTT assay. The results were 
shown in Table 5. The statistical analysis showed that both 
the plasmids Pgenesil-CAT1 and Pgenesil-CAT2 could 
have signifi cant inhibitive effects on the proliferation of  
Colo205 cells, compared with the blank group at 72 h 
after transfection (P < 0.05, vs Blank). But the plasmids 
Pgenesil-Neg had no significant inhibitive effect on cell 
proliferation (P > 0.05, vs Blank).

Inhibition of anchorage-independent proliferation of 
Colo205 cells by β-catenin shRNA 
The anchorage-independent proliferation of  Colo205 
cells inhibited by specific shRNAs was analyzed by soft 
agar colony formation assays. The average numbers of  
colonies in the blank, negative, CAT1, CAT2 group were 
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Figure 3  RNA interference-mediated suppression of cellular protein. A: Western 
blot analysis for different goal genes. The β-actin gene served as internal control. 
Lane 1: Blank control; Lane 2: Negative control; Lane 3: Pgenesil-CAT1; Lane 4: 
Pgenesil-CAT2 group; B: The inhibition rates of different genes down-regulated by 
plasmids Pgenesil-CAT1 and Pgenesil-CAT2. Goal gene 1: β-catenin; 2: c-myc; 3: 
cyclinD1.
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46, 43, 9 and 11 respectively. The Colo205 cells in the 
CAT1 and CAT2 groups formed signifi cantly less colonies 
(4-5 fold decrease) in soft agar than the cells in the blank 
and negative control groups did (P < 0.05, vs Blank). At 
the same time we observed that most of  the colonies 
in the CAT1 and CAT2 groups were much smaller than 
those in the blank and negative control groups. All these 
results suggested that reductions in β-catenin protein level 
induced by the β-catenin gene silencing decreased the 
abilities of  Colo205 cells to form colonies in soft agar.

Effect of β-catenin shRNA on cell cycle distribution and 
apoptosis
In comparison to the blank control group, the CAT1 
and CAT2 groups both showed cell accumulation in the 
G0/G1 phase and reduction in the phases of  S and G2/
M. Moreover, the cells with sub- G1 DNA content also 
increased and apoptosis rates were around 5% in these two 
groups. No statistically significant difference was found 
between the negative control group and the blank control 
group (Table 6 ).

DISCUSSION
RNA interference is a ubiquitous mechanism of  eukaryotic 
gene regulation and an excellent strategy for specifi c gene 
silencing. The specifi city of  RNAi is determined by 21-23 
nt RNA duplexes, referred to as micro-RNA (miRNA) 
or small interfering RNAs (siRNA)[12]. ShRNA is formed 
by hairpin structures and stretches of  double-stranded 
RNA, which will be cleaved by the ribonuclease dicer to 
produce mature miRNA inside the targeted cells. After 
unwinding, one of  the strands becomes incorporated into 
the RNA-induced silencing complex (RISC) and guides the 
destruction or repression of  complementary mRNA[13]. 
Recently the vector-based approach of  shRNA interference 
has been developed in order to achieve stable, long-term, 
and highly specific suppression of  gene expression in 

mammalian cells[14]. These shRNA expression vectors have 
many advantages: they can be stably introduced into cells 
and persistently effective, either as selectable plasmids or 
as retroviruses. They are relatively cheap to generate[15,16]. 
These vectors are often under the control of  an RNA 
polymerase Ⅲ promoter such as U6 or H1[17]. They can 
transcribe and generate siRNA continuously and the gene 
silencing effect can last persistently inside the cells. These 
fi ndings have opened a broad new avenue for the analysis 
of  gene function and gene therapy[18].

The coordination of  cell proliferation and apoptosis 
in cells is one of  the hot spots in cancer research. The 
balance between cell proliferation and apoptosis, and the 
distribution of  cell cycles play very important roles in 
the carcinogenesis process of  colon cancer. The WNT/
β-catenin signaling transduction pathway is a highly 
conservative pathway in the development of  colon cancer, 
which regulates intestinal epithelial proliferation and 
patterning[19,20]. Mutations that activate the WNT signaling 
pathway cause the hyper-proliferation of  intestinal crypt 
progenitors and a series of  consequential changes fi nally 
lead to the occurrence of  colon cancer[21,22]. β-catenin is 
the key component in this pathway. The increased levels 
of  β-catenin frequently found in both premalignant and 
malignant cells are associated with increased rates of  
cellular proliferation[23]. Moreover, modest over-expression 
of  β-catenin in epithelial cells can lead to increased 
proliferation and result in transformation[24-26]. It has 
been reported that the excessive expression of  stabilized 
β-catenin leads to tumorigenesis in the colorectum, central 
nervous system, skin and other tissues[27-30]. So, β-catenin 
has attracted much attention as gene therapy target for 
carcinomas, including colon cancer. β-catenin has been 
successfully down-regulated by RNAi in some previous 
study. For example, Udit N Verma et al synthesized siRNA 
and interfere with the β-catenin gene in the cell line 
SW480 and HCT116[31]. However, the down-regulation of  
β-catenin expression by RNAi in the colon cancer Colo205 
cell line has not been reported before. Furthermore their 
research used synthesized small interference RNA as a 
gene silencing tool, which just transiently suppressed 
the gene expression and was often limited to cells that 
are easily transfected[17]. In our study, we did differently 
by using the vector-based RNA interference technique. 
According to the design of  the shRNA, we selected 
two shRNA sequences from the β-catenin (CTNNB1) 
gene and used the plasmid Pgenesil as the vector. The 
plasmid Pgenesil vector contains the EGFP gene that 
makes it convenient to observe the result of  transfection. 

Table 4  The western blot analysis for genes in different groups 
normalized by β-actin

Goal gene Blank Control Negative    CAT1    CAT2
β-catenin 0.95 ± 0.02 0.89 ± 0.04 0.52 ± 0.02 0.56 ± 0.03
C-myc 0.97 ± 0.01 0.92 ± 0.02 0.54 ± 0.01 0.54 ± 0.04
CyclinD1 0.94 ± 0.03 0.95 ± 0.01 0.53 ± 0.02 0.51 ± 0.01
P aP > 0.05 aP < 0.05 aP < 0.05

aP: Observation group vs blank control group.

Table 5  The Inhibition rate of cell proliferation in different 
group 

Blank Control (%) Negative (%) CAT1 (%) CAT2 (%)
36 h              10           14        21       18
48 h              13           17        28       24
60 h              15           19        39       33
72 h              18           21c        54a       47a

aP < 0.05 (vs Blank), cP > 0.05 (vs Blank).

Table 6  Effect of shRNA interference on cell cycle distribution 
and apoptosis

Group G0/G1 (%)     S (%) G2/M (%) Apoptosis (%)

Blank 36.51 ± 2.52 47.32 ± 3.31 16.45 ± 1.52 0.78 ± 0.11
Negative 40.32 ± 2.74c 43.21 ± 2.12 16.57 ± 1.83 1.05 ± 0.15c

CAT1 81.71 ± 5.73a 14.34 ± 1.34   4.55 ± 0.35 5.21 ± 0.47a

CAT2 78.33 ± 5.32a 17.51 ± 1.81   5.31 ± 0.57 4.89 ± 0.38a

aP < 0.05 (vs Blank); cP > 0.05 (vs Blank).
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When successfully transfected into the colon cancer cells, 
the vector Pgenesil could transcribe and generate the 
interfering RNAs continually under the control of  the U6 
promotor. So the concentration of  intracellular interfering 
RNA oligonucleotides can remain stable long after 
transfection. That is what we thought to be the mechanism 
for the persistently inhibitive effect of  the vector-based 
interference technique. This is the major advantage against 
the common siRNA technique. 

In this study, these two β-catenin specific shRNAs 
showed their evident effect on silencing the β-catenin 
gene. Our results demonstrated that after transfection with 
the β-catenin specific shRNA vectors, β-catenin mRNA 
and protein expression were significantly suppressed, 
detected by RT-PCR and western blot. At the same time, 
we could observe that the genes c-myc and cyclinD 
were also signifi cantly depressed both at the mRNA and 
protein levels due to the β-catenin gene silencing. This 
result confirmed that the c-myc and cyclinD1 genes are 
the downstream genes regulated by β-catenin. Gene 
silencing of  β-catenin can sequentially lead to the silence 
of  c-myc and cyclinD. Furthermore, no significant 
differences of  β-catenin mRNA or protein expression 
were observed between these two vectors (CAT1 and 
CAT2). On the other hand, the negative control plasmid 
had no inhibitory effect on β-catenin mRNA and protein 
expression. Neither did it in the genes c-myc and cyclinD1. 
These results together confirmed that the inhibitions 
of  β-catenin and its downstream genes were specifically 
induced by these shRNAs aimed at β-catenin. The MTT 
assays demonstrated that the proliferation curves of  the 
cells were similar in the blank and negative control groups. 
Viability of  cells transfected with the negative control 
vectors did not signifi cantly decline compared with that of  
the blank control group. Thus the vector plasmid Pgenesil 
could be used as a safe and non-toxic carrier for shRNA 
interference. However, cell proliferation in test groups, 
which were transfected with β-catenin specific shRNAs, 
showed increasingly slow down in relation to the time 
after transfection. At 72 h post-transfection, the inhibitive 
rates of  cell proliferation were 54% and 47% in the CAT1 
and CAT2 group respectively, which have significant 
differences compared with that of  the blank control 
group. As for the anchorage-independent proliferation, we 
could also detect the signifi cant reduction of  colonies in 
either amounts or sizes in soft agar in the test groups. The 
MTT and soft agar assay together revealed that these two 
β-catenin specifi c shRNAs possessed the anti-proliferation 
function. Our flow cytometry results indicated that the 
cell growth inhibition by β-catenin shRNA was due to the 
cell cycle G0/G1 arrest and induction of  apoptosis. This 
was somewhat controversial to Udit N Verma’s report, 
which implied that the decreased cell proliferation did not 
depend on the mechanism of  increased apoptosis[31]. We 
think that the controversy may be due to different cell 
lines. In our opinion, we think that the imbalance between 
cell proliferation and apoptosis induced by the β-catenin 
shRNA could be possibly explained by mechanisms of  
β-catenin gene silencing and its consequential downstream 
genes silencing, such as c-myc and cyclinD1, which 
regulate the cell cycle transition checkpoints and cellular 

proliferations. As we know, c-myc is a positive regulator 
of  G1-specific cyclin-dependent kinases (CDKs). Even 
in quiescent cells, c-myc activation is suffi cient to induce 
cell cycle entry in the absence of  growth factors[32,33]. 
CyclinD1 is a regulatory kinase that is a critical modulator 
of  progression through the G1 to S phase transition of  
the cell cycle. When quiescent cells re-enter the cell cycle 
and divide, cyclinD1 is the fi rst cyclin to be activated[34,35]. 
Overexpression of  these two genes may stimulate the cells 
to overcome the cell cycle checkpoints and enhance cell 
proliferation[36]. Inhibitions of  these two genes may result 
in cell cycle arrest and increased apoptosis, thus inhibiting 
cell growth. But whether this mechanism is of  universality 
in other colon cancer cell lines or even malignant tumors, 
further detailed investigations need to be carried out.

In conclusion, our experiments showed that the shRNA 
targeted against β-catenin could specifically mediate the 
β-catenin gene silencing and consequentially suppress the 
expression of  its downstream genes, c-myc and cyclinD1. 
These genes’ silencing effect could efficiently inhibit 
the growth of  colon cancer Colo205 cells. The shRNA 
interference targeted against β-catenin may have potential 
therapeutic utility in human colon cancer. 
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 COMMENTS
Background
Abnormal WNT signaling transduction pathway is considered to play an important 
role during the carcinogenesis process. The key step in activating WNT pathway 
is the stabilization of β-catenin and its translocation into nucleus, which may serve 
as a potential target for colon cancer therapy. RNAi is often exploited for specifi c 
gene silencing, which provides a strategy for cancer gene therapy. Therefore, we 
would do some basic research for colon cancer therapy by using this technique.

Research frontiers 
The coordination of cell proliferation and apoptosis in cells is one of the hotspots 
in cancer research. The balance between cell proliferation and apoptosis, and the 
distribution of cell cycles play very important roles in the carcinogenesis process of 
colon cancer. β-catenin is the key component in this process. Thus β-catenin has 
attracted much attention as gene therapy target for colon cancer.

Innovations and breakthrough 
In this study, two β-catenin specific shRNAs showed their evident effect on 
silencing the β-catenin gene. The results also indicated that the cell growth 
inhibition by β-catenin shRNA was due to the cell cycle G0/G1 arrest and induction 
of apoptosis, although this was somewhat different from other’s report.

Applications 
The shRNA interference targeted against β-catenin may have potential therapeutic 
utility in human colon cancer. 

Terminology 
ShRNA: ShRNA is the short form of “short hairpin RNA”. It is formed by hairpin 
structures and stretches of double-stranded RNA, which will be cleaved by the 
ribonuclease dicer to produce mature miRNA inside the targeted cells.

Peer review
This paper investigated the gene silencing mediated by the specific shRNA 
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targeted against β-catenin and its effect on cell proliferation and cycle distribution 
in human colon cancer cell line Colo205. The authors conclude that The specifi c 
shRNAs targeted against β-catenin could have gene silencing effect and block the 
WNT signaling pathway. They could inhibit cell growth, increase apoptosis, and 
induce cell cycle arrest in Colo205 cells. ShRNA interference against β-catenin is 
of potential value in gene therapy of colon cancer.
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Abstract
AIM: To evaluate the predictive value of D-dimer as a 
predictive indicator of portal vein thrombosis (PVT) after 
portal hypertension surgery in hepatitis B virus-related 
cirrhosis. 

METHODS: A prospective study was carried out in 
52 patients who had undergone surgery for portal 
hypertension in hepatitis B virus-related cirrhosis. 
Changes in perioperative dynamic D-dimer were 
observed. The sensitivity, specifi city, positive predictive 
values and negative predictive values of D-dimer were 
calculated, and ROC curves were analyzed. 

RESULTS: The D-dimer levels in the group developing 
postoperative PVT was signifi cantly higher than those in 
the group not developing PVT (P  = 0.001), and the ROC 
semi-quantitative and qualitative analysis of D-dimer 
showed a moderate predictive value in PVT (semi-
quantitative value Az = 0.794, P  = 0.000; qualitative 
analysis: Az = 0.739, P  = 0.001). 

CONCLUSION: Dynamic monitoring of D-dimer levels in 
patients with portal hypertension after surgery can help 
early diagnosis of PVT, as in cases where the D-dimer 
levels steadily increase and exceed 16 μg/mL, the 
possibility of PVT is very high.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Portal vein thrombosis (PVT) is a signifi cant postoperative 
complication in patients with portal hypertension, and 
procedures such as devascularization, portal systemic 
shunt and liver transplantation can cause PVT[1-3]. As 
the degree of  obstruction and location vary greatly, the 
clinical manifestations of  PVT are also highly variable[4-6]. 
Depending on the severity of  the condition, it may even 
result in death of  patients. 

The incidence of  PVT after portal hypertension 
surgery ranges from 22.2%-37.5%[1,7], depending on the 
surgical techniques used and patients selected. In China, 
the most common cause for portal hypertension is liver 
cirrhosis due to hepatitis B. There is an increasing trend in 
PVT after portal hypertension surgery for hepatitis B liver 
cirrhosis. 

Currently, diagnosis of  portal vein thrombosis is mainly 
based on imaging studies[8-10], especially colour Doppler 
ultrasound, because of  its ability to provide not only 
information on blood vessel location, blood fl ow rate and 
direction, but also haemodynamic information, which aids 
diagnosis accuracy[11,12]. It is able to provide information on 
the thrombosed veins via echo analysis, detect the presence 
of  post-stenotic dilatation, as well as flow defects and 
turbulence due to venous thrombosis[13,14]. Although portal 
vein thrombosis can be accurately diagnosed using this 
method, it produces side effects simultaneously. Therefore, 
the focus of  clinicians is to prevent portal vein thrombosis 
after portal hypertension surgery as early as possible, the 
early predictive indicator of  postoperative PVT is still 
lacking.

Currently, clinicians use the incrteased platelet count 
as the main deciding factor for initiating prophylactic 
treatment, but the prognostic value of  platelet count in 
PVT is debatable[15,16]. Some studies showed that even at 
the time of  portal vein thrombosis formation, the level 
of  platelet count has not yet reached 500 × 109/L, and 
patients showing increased levels of  platelet count do not 
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have portal vein thrombosis[17]. Hence, the question of  
the indicator for initiation of  preventive and therapeatic 
measures is still debatable.

Clotting factors are important in the assessment of  
liver function and have certain clinical significance, but 
have yet to show a good clinical value as a diagnostic 
indicator for thrombotic diseases. At present, D-dimer, 
the molecular marker in the fibrinolysis cycle, has 
shown a good negative and positive predictive value in 
thrombotic diseases such as deep vein thrombosis in the 
lower limbs and pulmonary embolism, and has therefore 
been used in studies on its clinical application[18,19]. 
However, since patients with portal hypertension due 
to liver cirrhosis have innate clotting and fibrinolytic 
disorders[20,21], more studies are required to show whether 
D-dimer has a better predictive value PVT after portal 
hypertension surgery due to the combined effects 
of  portal vein thrombosis on platelets, clotting and 
fi brinolysis[22]. 

MATERIALS AND METHODS
Patient selection criteria
Patients who were admitted to the Third Affiliated 
Hospital of  the Sun Yat-Sen University from September 
2004 to March 2006,  and diagnosed with por tal 
hypertension due to liver cirrhosis (hepatitis B) were 
included in this study. The patients with splenomegalia 
and hypersplenia underwent splenectomy, and the 
patients with esophageal variceal bleeding underwent 
splenectomy with gastroesophageal devascularization, or 
with endoscopic variceal ligation (EVL). Patients who 
underwent portal hypertension shunting surgery, liver 
transplant patients, and patients having concurrent liver 
cirrhosis and hepatocellular carcinoma, and patients 
diagnosed with PVT before surgery, were excluded from 
this study.

General demographics
A total of  52 patients (46 males and 6 females) fulfi lled the 
selection criteria. Their age ranged from 20-60 years, with 
a median age of  46 years (Table 1). Surgical procedures 
performed on patients included splenectomy and 
gastroesophageal devascularization (Hassab's operation) as 
previously described[23]. In brief, an extended left subcostal 
incision or a L incision of  the left upper abdomen was 
used for extreme splenomegaly. After routine splenectomy, 
the gastric branch and 5-8 small branches of  the gastric 
coronary veins were disconnected. The esophageal branch 
was disconnected and suture-ligated. The gastric posterior 
vein was ligated by suturing, and the left subphrenic 
vein was ligated as well. In cases of  splenectomy with 
EVL, after splenectomy, an endoscope (GIF 240 or 260, 
Olympus Optical, Tokyo) was introduced during operation. 
Ligation was carried out 6-12 times by placing a single 
rubber band (Bard Interventional Products, Tewksbury, 
Mass.) over a varix.

Diagnosis of PVT
When colour Doppler ultrasonography imaging showed 

changes consistent with thrombus formation in the main 
portal vein, right portal vein, right anterior branch, right 
posterior branch, left portal vein, left horizontal branch, 
left sagittal portion, splenic vein, proximal and distal 
mesenteric vein, PVT was confi rmed to be a complication 
after surgery. 

Measurement of D-dimer levels
Dynamic D-dimer changes in 52 patients were monitored 
perioperatively, and the portal vein patency and the 
incidence of  PVT were detected routinely by color 
Doppler ultrasonography from 7 to 14 d postoperatively. 
The 52 patients were divided into thrombosis group and 
non-thrombosis group, depending on the occurrence of  
PVT after surgery. Peripheral venous blood was collected 
perioperatively. Three mL blood was centrifuged at
1000 r/min for 15 min before plasma was prepared 
for D-dimer detection. D-dimer was detected by latex-
agglutination assay (semi-quantitative method), and the 
reagent was provided by Shanghai Sun Company, and 
the procedure was performed following the instructions 
provided with the reagent pack.

Statistical analysis
After normality tests, D-dimer indicators showing a 
skewed distribution were subjected to signed rank test 
between the thrombosis and non-thrombosis groups, using 
the difference in the median and interquartile range to 
illustrate the central and disperse tendency. Chi-square test 
was used to analyze the dispersion. Sensitivity, specifi city, 
positive and negative predictive value were calculated. 
ROC curve was plotted. Statistical analysis was performed 
using the SPSS software version 13.0 for Windows.

RESULTS
Characteristics of the 52 patients studied
Of  the 52 patients, 17 developed PVT after surgery, and 
the incidence of  PVT 7-14 d after portal hypertension 
surgery was 33.69%. There was no significant statistical 
difference in age, gender, liver function and surgical 
procedure between the thrombosis and non-thrombosis 
groups (Table 1).

Table 1  Characteristics of 52 patients studied 

Thrombus Non-thrombus P  value
Age ( mean ± SD ) 41.45 ± 10.83 44.3 ± 8.65 0.388
Gender Male          15        31

Female            2          4 0.649
Child's grade 
of Liver function

Grade A            6        12
Grade B          10        21 0.997
Grade C            1          2

Surgical 
procedure

Splenectomy            7        13
Splenectomy 
+ EVL1

           9        19 0.923

Splenectomy 
+ ligation2

           1          3

1Refers to endoscopic variceal ligation; 2Refers to gastroesophageal 
devascularization.



Perioperative D-dimer level 
The D-dimer level was significantly higher in the 
thrombosis group than in the non-thrombus group on day 
5 after surgery (P = 0.001) (Table 2).

Analysis of predictive value for D-dimer in PVT after sur-
gery
By using the change in D-dimer level post-surgery (used as 
the standard) and the D-dimer (used as semi-quantitative 
standard) as the diagnostic standard for PVT in liver 
cirrhosis patients after portal hypertension surgery, we 
achieved 37.5% accuracy in predicting PVT incidence, which 
is consistent with the reported data[1]. The sensitivity (Sen), 
specifi city (Spe), positive predictive value (PPV) and negative 
predictive value (NPV) are listed in Table 3. It can be seen 
from Table 3 that the positive predictive value was 66.7% 
for the D-dimer one day after surgery, and the negative 
predictive value for the continuous increasing was 77.5%, 
which was significantly higher than the semi-quantitative 
value of  61.65% for PPV and 70.83% for NPV. Under the 
extreme circumstances, the semi-quantitative value for PPV 
and NPV was 100%, respectively.

Based on the different changes in D-dimer levels and 
the false positive rates and sensitivity rates under different 
D-dimer levels, a ROC curve was plotted. The semi-
quantitative and qualitative standards for ROC curve 
are shown in Figure 1. Using the ROC analysis, the area 
under the semi-qualitative ROC curve was Az = 0.794, P 
= 0.000, and the 95% confi dence level was 0.794 ± 0.114. 
The area under the qualitative ROC curve was Az = 0.739,
P = 0.001, and the 95% confidence level was 0.795 ± 
0.146. Both standards had a median diagnostic value, 
and there was no statistical significant difference in the 
areas under the ROC curve (Z = 0.586, P = 0.719).

DISCUSSION
D-dimer is an antigenic determinant of  fibrin, which, at 
the D-region, combines with factor XIIIa, and persists 
as an X-oligopolymer, as well as with other fibrin 
degradation products. However, it does not exist with 
profi brin breakdown products, and is a specifi c indicator 
of  synthesis and breakdown of  fibrin in the system. An 
increasing D-dimer level indicates active clotting and 
fi brinolysis in the system[24,25].

At present, D-dimer has a good negative and positive 
predictive value, which is used in the outpatient and 
emergency setting, to aid selective diagnosis of  suspected 
thrombotic diseases[19,26-28]. Risch et al[29] reported that at 
D-dimer levels of  1 μg/mL and 10 μ/mL (VIDAS DD), 
the sensitivity is 83.3% and 23.8%, respectively, and the 
specifi city is 65.8% and 98.7%, respectively. In our study, 
the D-dimer level was higher than the reported level in 
liver cirrhosis patients after portal hypertension surgery, 
measured at similar sensitivity conditions, but had a lower 
specifi city than the reported one. This may be attributed 
to the hyperactive state of  the coagulation pathway due 
to the high coagulability state in liver cirrhosis patients, 
activated fi brinolysis, blood products used perioperatively, 
and trauma due to surgery[20-22,30].

Dynamic D-dimer value monitoring during the early 
stages after portal hypertension surgery may be more useful in 
achieving a meaningful diagnosis of  PVT due to thrombosis 
formation. By analyzing the D-dimer after surgery and its 
predictive value for PVT, our study proved that the positive 
predictive value was 100% at ≥ 16 μg/mL (Table 3). From 
the ROC curve (Figure 1), we could see that the qualitative 
standard was situated towards the left upper side of  the semi-
quantitative standard ROC curve, showing a higher sensitivity, 
but a lower rate of  false positive response. Under the two 
extreme ends, the semi-quantitative standard curve was on 
the left-hand-side of  the qualitative ROC curve, suggesting 
that the former may have a better diagnostic value. Therefore, 
combining semi-quantitative and qualitative measurement 
may be the best option for diagnosing PVT in liver cirrhosis 
patients after portal hypertension surgery.

In conclusion, D-dimer is an early predictive indicator 
of  PVT after portal hypertension surgery in hepatitis B 
virus-related cirrhosis. Dynamic D-dimer monitoring 
should be performed perioperationly, and if  elevation of  
the D-dimer levels persists or exceeds 16 μg/mL, PVT 
may occur, and anti-coagulation prevention and treatment 
should be considered.

Table 2  D-dimer level in the thrombosis and non-thrombosis 
groups (μg/mL)

Before surgery Day 1 
after surgery

Day 5 after 
surgery

Non-thrombus group 1 (0.5, 2) 4 (2, 8)1 4 (2, 4)1,2

Thrombus group 1 (0.5, 2) 4 (2, 8)1 8 (4, 8)1,3

Z value 1.863 0.318 3.264
P value 0.062 0.751 0.001

1Refers to the higher level that is statistically signifi cant after surgery than 
that before surgery; 2Refers to the lower level that is statistically signifi cant 
before surgery than that one day after surgery; 3Refers to the higher level that 
is statistically signifi cant before surgery than that one day after surgery.

Table 3  Diagnostic value for different D-dimer diagnostic 
standards (%)

Sensitivity Specifi city PPV NPV
Qualitative 
standard

No decrease
Increase

88.2
47.06

57.14
88.57

42.85
66.67

88.25
77.50

Semi-quantitative 
standard

> 0.5
> 1

1
1

0
0.05714

37.50
38.88

0
100

> 2 0.8235 0.4858 49 82.00
> 4 0.4118 0.8571 61.65 70.83
> 8 0.2353 1 100.00 33.89
> 16 0.2353 1 100.00 33.89
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 COMMENTS
Background
Portal vein thrombosis (PVT) is a signifi cant complication after portal hypertension 
surgery due to liver cirrhosis. The focus of clinicians is to prevent it as early as 
possible, but we still lack the early predictive indicator of postoperative PVT.  

Research frontiers
PVT is a signifi cant postoperative complication in patients with portal hypertension, 
especially after splenectomy. Since the mechanism of postoperative PVT remains 
unknown, it is difficult to prevent postoperative PVT. Most studies indicate that 
local operation may be the factor for postoperative PVT. Some studies indicate 
that D-dimer may be helpful in the diagnosis of deep vein thrombosis of lower 
extremity.

Innovations and breakthroughs
At present, most researchers and doctors diagnose PVT via imageology, 
especially color Doppler ultrasonography, and some reports indicate that platelets 
may be the predictive factor for PVT. D-dimer is a good predictive factor for deep 
vein thrombosis of lower extremity. The results of our study indicate that D-dimer 
may be a predictive factor for PVT after portal hypertension surgery in hepatitis B 
virus-related cirrhosis.

Applications
Since D-dimer is a predictive factor for PVT, PVT and its fatal complications 
can be prevented. By combining imageology, we can institute a scheme for the 
management of PVT, which helps to understand the mechanism of PVT.

Terminology
D-dimer: known as fragment D-dimer, fi brin degradation fragment; PVT: portal vein 
thrombosis.  ROC curve: a graphic means for assessing the ability of a screening 
test to discriminate between healthy and diseased persons.

Peer review
This is a well-conducted study. It describes another way for the predictive 
diagnosis of PVT, but the relationship between the mechanisms of PVT and D-dimer 
remains unknown. D-dimer is only of a predictive diagnostic value.
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INTRODUCTION
Transcatheter hepatic arterial chemoembolization (TACE) 
has become the fi rst choice of  treatment for unresectable 
hepatocellular carcinoma (HCC)[1-4]. Since 70%-90% of  
HCC patients are associated with liver cirrhosis, portal 
hypertension and hypersplenism, treatment of  HCC 
is usually affected by low peripheral blood cell counts 
(leukcytes, platelets and red blood cells) and high incidence 
of  hemorrhagic complications due to treatment and/or 
portal hypertension[5-8]. Moreover, chemotherapeutics 
during TACE is another cause for low peripheral blood 
cell counts because of  myelosuppression. Partial splenic 
embolization (PSE), which is thought to be an effective 
alternative to splenomegaly[9,10] because of  its milder 
injury and fewer complications, has been widely used in 
treatment of  leukocytopenia and thrombocytopenia caused 
by splenomegaly since the report of  Maddison in 1973[11].

MATERIALS AND METHODS
Patients 
From December 2002 to May 2006, 50 consecutive 
patients with HCC associated with hypersplenism caused 
by liver cirrhosis and portal hypertension were enrolled in 
this study. The diagnosis of  HCC was established on the 
basis of  clinical laboratory data, computed tomography 
and biopsy. The diagnosis of  hypersplenism and splenom-
egaly was made in the light of  clinical laboratory data and 
computed tomography. The enrolling criteria for this study 
were patients with splenomegaly and thrombocytopenia 
(platelet count ≤ 60 × 109/L) and/or leukocytopenia 
(leukocyte count ≤ 3.0 × 109/L). Adequate supporting 
therapies were performed for patients having severe 
peritonealgia before treatment with PSE and TACE or 
TACE alone in order to decrease the amount of  ascites. 
Patients meeting the above criteria were randomly assigned 
to either group A or group B based on the computer-
generated randomization sequences. Of  the 50 patients, 
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Abstract
AIM: To prospectively evaluate the effi cacy and safety 
of partial splenic embolization (PSE) combined with 
transcatheter hepatic arterial chemoembolization (TACE) 
in treatment of hepatocellular carcinoma (HCC).

METHODS: Fifty patients suffering from primary HCC 
associated with hypersplenism caused by cirrhosis were 
randomly assigned to 2 groups: group A receiving PSE 
combined with TACE (n  = 26) and group B receiving 
TACE alone (n  = 24). Follow-up examinations included 
calculat ion of peripheral blood cel ls ( leukcytes, 
platelets and red blood cells) and treatment-associated 
complications.

RESULTS: Prior to treatment, there was no signifi cant 
difference in sex, age, Child-Pugh grade, tumor diameter, 
mass pathology type and peripheral blood cell counts 
between the 2 groups. After treatment, leukocyte and 
platelet counts were significantly higher in group A 
during the 3-mo follow-up period (P < 0.05), but lower 
in group B (P < 0.05). Severe complications occurred in 
3 patients (11.5%) of group A and in 19 patients (79.2%) 
of group B (P < 0.05), and there was no significant 
difference in symptoms of post-embolization syndrome, 
including abdominal pain, fever, mild nausea and 
vomiting between the 2 groups (P > 0.05).

CONCLUSION: PSE combined with TACE is more 
effective and safe than TACE alone for patients with HCC 
associated with hypersplenism caused by cirrhosis.
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26 received PSE in combination with TACE (group A), 
24 received TACE alone (group B).The characteristics of  
these patients are summarized in Table 1.

Methods
The patients in group A were treated with PSE and TACE, 
fi rst with PSE, and then with TACE, while the patients in 
group B received TACE alone.

PSE was performed as follows. In brief, a 5.0 French 
catheter (Terumo, Tokyo, Japan) was inserted into the 
femoral artery by the Seldinger method, celiac angiography 
and selective splenic arterial angiography were routinely 
performed to observe the distribution of  splenic arteries 
and collateral circulation routes (Figure 1A), the tip of  
the catheter was placed as distal as possible at the hilus 
of  the spleen, and embolization was performed using 
gelfoam particles (1-2 mm) suspended in an antibiotic 
solution (16 mg gentamicin sulfate) and contrast medium. 
The extent of  embolization was set at 50%-70%. To 
achieve this, embolization was performed progressively 
by means of  repeated injections of  gelfoam particles 
under angiography control. Immediate angiography was 
done after each injection and the extent of  embolization 
was expressed as the percentage of  the ablated splenic 
parenchyma area shown by post-embolization angiography 
against the total splenic parenchyma area given by pre-
embolization angiography. When a 50%-70% ablation 
of  the splenic parenchyma was obtained (Figure 1B), the 
embolization was terminated. The extent of  embolization 
was simultaneously estimated on angiography. In case the 
two estimates failed to agree, the mean value was taken. 
Finally, the precise extent of  embolization was determined 
by CT scan 2 wk later.

Under strict conditions, TACE was performed as 
follows. In brief, a 5.0 French catheter (Terumo, Tokyo, 
Japan) was inserted into the femoral artery with the 
Seldinger method, celiac angiography and selective hepatic 

arterial angiography were routinely performed to observe 
the tumor blood-supply, distribution of  hepatic arteries 
and collateral circulation routes (Figure 1C), the tip of  the 
catheter was placed at the feeding artery of  the tumor, and 
embolization was performed using an emulsion mixture 
of  lipoidal ultra-fluid (Guerbet, France), perarubicin
(50 mg/m2) and DDP (80 mg/m2). The maximum dose 
for embolization was based on the size of  the tumor, 
blood supply and hepatic function of  the patient. When 
the tumor was fi lled well with emulsifi er, the embolization 
was terminated (Figure 1D). 

Follow-up protocol
All patients underwent abdominal CT scanning (Light 
Speed QX/I CT scanner, GE Medical Systems, Milwaukee, 
Wis) 1 wk before operation (Figure 1E). Patients in group 
A also underwent abdominal CT scanning (Light Speed 
QX/L CT scanner,GE Medical Systems,Milwaukee,Wis) 
2 wk after PSE/TACE treatment (Figure 1F). The extent 
of  embolization (%) was determined by dividing the 
infarction volume, which is the whole splenic volume 
minus the residual splenic volume, by the whole splenic 
volume based on the CT examination 2 wk after PSE/
TACE treatment.

After treatment with PSE in combination with TACE 
or with TACE alone, all patients remained in the hospital 
with their severe complications observed and were then 
followed up at the Outpatient Clinic. Peripheral blood cell 
parameters including white blood cells (WBC), platelets 
(PLT) and red blood cells (RBC) in group A after PSE/
TACE treatment and in group B after TACE treatment 
were respectively monitored during the 1-wk, 2-wk, 1-mo, 
2-mo and 3-mo follow-up after PSE/TACE treatment. 

Statistical analysis
All data were analyzed using the SAS software (Vertion 8.1, 
SAS Institute, Cary, NC). Signifi cance was established at 
P < 0.05. To determine statistically signifi cant difference 
between the two groups, the t-test or the χ2 test was used. 
The paired t-test was used to determine the difference in 
group A before and after PSE/TACE treatment and in 
group B before and after TACE treatment, and between 
groups A and B after treatment.

RESULTS
Chronological changes in peripheral blood cell counts
No significant difference was found in sex, age, Child-
Pugh grade, tumor diameter, mass pathology type and 
peripheral blood cell counts between the 2 groups (Table 1). 
The peripheral blood cell counts before PSE/TACE 
or TACE treatment and from the third day to the forth 
week after PSE treatment are listed in Tables 2-4. There 
were no significant differences in WBC, PLT and RBC 
counts between the 2 groups before PSE/TACE or TACE 
treatment (P > 0.05). There were significant differences 
in WBC and PLT counts before and after PSE/TACE 
treatment (P < 0.001, Tables 2 and 3). WBC and PLT 
counts were significantly higher from the first week to 
the third month after PSE/TACE treatment. There were 
signifi cant differences in WBC and PLT counts before and 

Table 1  Demographic, clinical, histological and laboratory 
characteristics of patients  n (%)

Characteristics                    Group A, n             Group B          P -value

Patients 26 24

Sex
  Male 19 (73) 18 (75) 0.8771

  Female   7 (27)   6 (25)
Age (yr)   44.1 ± 12.1 45.0 ± 9.0 0 .7602

Child-Pugh grade
  A   2 (8)   2 (8)
  B 20 (77) 19 (79) 0.8061

  C   4 (15)   3 (13)

Pathology type         
   Mass type 14 (54) 14 (58) 0.8341

   Node type 10 (38)   8 (33)
   Diffusion type   2 (8)   2 (8)

Tumor diameter (cm) 
   Peripheral blood cell counts   4.64 ± 2.34   4.44 ± 2.58 0.7802

   WBC (× 109)        2.45 ± 0.41   2.40 ± 0.51 0.7342

   PLT (× 109) 45.95 ± 9.49 45.02 ± 8.96 0.7232

   RBC (× 1012)   3.02 ± 0.49   3.07 ± 0.51 0.7502

1Data are determined with the χ2 test; 2Data are determined with the t-test.
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after TACE treatment in group B (P < 0.05, Tables 2 and 3). 
WBC and PLT counts were significantly lower in group 
B from the first week to the third month after TACE 
treatment. There were signifi cant differences in WBC and 
PLT counts between groups A and B (P < 0.001, Tables 2 
and 3). WBC and PLT counts were signifi cantly higher in 
group A after PSE/TACE treatment than in group B from 
the fi rst week to the third month after TACE treatment. 
However, there were no significant differences in RBC 
counts between the 2 groups (P > 0.05, Table 4).

Complications
Symptoms of  post-embolization syndrome, including 
abdominal pain, fever and mild nausea and vomiting, 

occurred in our patients. Abdominal pain was found in 
76.9% (20/26) patients of  group A and was alleviated 
by durogesic or oxycodone, in 75.0% (18/24) patients 
of  group B and was alleviated by Tramadol with no 
significant differences between the two groups. The 
incidence of  fever was 84.6% (22/26) in group A and was 
lowered by dexamethasone, 83.3% (20/24) in group B 
and was lowered by salicylic acid drugs with no signifi cant 
differences between the two groups. The incidence of  
mild nausea and vomiting was 19.2% (20/26) in group A, 
25.0% (6/24) in group B with no significant differences 
between the two groups. Severe complications occurred 
in 3 patients (11.5%) of  group A, in 19 patients (79.2%) 
of  group B (Table 5). A large amount of  pleural effusion 

Figure 1  PSE treatment for a 68-year-old male case of HCC with splenomegaly and thrombocytopenia. A: Splenic arteriography before PSE showing the whole splenic 
parnchymal image; B: Splenic arteriography after PSE showing the residual splenic parnchymal image, part of the peripheral splenic parenchyma was ablated, and the 
extent of embolization was roughly estimated of approximately 60%; C: Celiac arteriography before TACE showing the tumor blood-supply image; D: TACE is terminated 
when the tumor is fi lled with emulsifi er; E: Transverse CT image revealing splenomegaly at 1 wk before PSE/TACE; F: Transverse CT image revealing the infarction of 
peripheral splenic parenchyma at 2 wk after PSE. The extent of embolization was 62% calculated by CT volume analysis software.

Table 2  Follow-up results of WBC counts (× 109/L)

Time Group  A Group  B P -value2

mean ± SD P-value1 mean ± SD P-value1

Pre-treatment 2.45 ± 0.41 2.40 ± 0.51 0.734
Post-treatment
   1 wk 7.26 ± 0.96 < 0.001 1.77 ± 0.38 < 0.001 < 0.001
   2 wk 6.42 ± 1.02 < 0.001 1.68 ± 0.39 < 0.001 < 0.001
   1 mo 6.31 ± 0.83 < 0.001 1.72 ± 0.65 < 0.001 < 0.001
   2 mo 6.03 ± 0.93 < 0.001 1.91 ± 0.73       0.0032 < 0.001
   3 mo 5.36 ± 0.64 < 0.001 2.02 ± 0.48     0.013 < 0.001

1Comparison of WBC counts before and after treatment at different time 
points within each group; 2Comparison of WBC counts between the two 
groups at different time points determined with t-test.

Table 3  Follow-up results of PLT counts (× 109/L)

1Comparison of PLT counts before and after treatment at different time points 
within each group; 2Comparison of PLT counts between the two groups at 
different time points determined with t-test.

Time Group  A Group  B P -value2

mean ± SD P-value1 mean ± SD P-value1

Pre-treatment 45.95 ± 9.49 45.02 ± 8.96 0.723
Post-treatment
   1 wk 169.21 ± 26.55 < 0.001 28.56 ± 5.11 < 0.001 < 0.001
   2 wk 136.50 ± 13.12 < 0.001 26.62 ± 7.31 < 0.001 < 0.001
   1 mo 133.46 ± 16.21 < 0.001 27.46 ± 6.29 < 0.001 < 0.001
   2 mo 125.73 ± 18.35 < 0.001 31.06 ± 6.70 < 0.001 < 0.001
   3 mo 119.86 ± 12.43 < 0.001 33.15 ± 6.91 < 0.001 < 0.001

A B C

D E F
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and ascites was found in 1 patient of  group A and in 6 
patients of  group B, leading to dyspnea or abdominal pain 
which was resolved by thoracentesis and paracentesis. 
Bacterial peritonitis occurred in 1 patient of  group A 
and in 6 patients of  group B 1 mo after PSE treatment. 
Variceal bleeding was observed in 1 patient of  group 
A and in 7 patients of  group B and was controlled by 
conservative therapy. There were significant differences 
in severe complications between the 2 groups (P < 0.05, 
Table 5). The occurrence of  severe complications such as 
pleural effusion or ascites, bacterial peritonitis and variceal 
bleeding was signifi cantly higher in group B than in group 
A after treatment.

DISCUSSION
HCC is often associated with hypersplenism due to liver 
cirrhosis. In such cases, it is very difficult to perform 
TACE because of  the high incidence of  hemorrhagic 
complications and/or portal hypertension, as well as poor 
tolerance of  cirrhotic patients to chemotherapeutic drugs[12]. 
PSE is a useful support therapy for portal hypertension 
or hypersplenism and has taken the place of  surgical 
splenectomy[9,10,13,14]. PSE appears to be effective in reducing 
episodes of  variceal bleeding, improving hematologic 
parameters, enhancing hepatic protein synthesis, and 
reducing the severity of  hepatic encephalopathy[15-18]. Roversi 
et al[12] reported that complications such as pleural effusion 
or ascites, bacterial peritonitis and variceal bleeding occurred 
in six patients with nodular HCC and cirrhosis (Child B) 
after treated with TACE in combination with PSE. In our 
study, thrombocytes, leucocytes and erythrocytes increased 
markedly, severe complications occurred in 3 patients 
(11.5%) of  group A and in14 patients (79.2%) of  group 
B. N'Kontchou et al[19] showed that severe complications 
occurred in six patients (16%) in their study, namely transient 
ascites in 2, splenic and/or portal vein thrombosis in 2, 
and splenic abscess in 2. Sakai et al[20] observed two cases 
suffering from severe complications after PSE treatment in 
17 patients with cirrhosis. Other severe complications of  
PSE treatment such as pleural effusion, rupture of  spleen, 
portal vein thrombosis have also been reported[13,21,22].

In this study, embolization ranged from 50% to 70%. 
Lee et al[23] reported that there are signifi cant differences in 
platelet values between low and high embolization areas in 

patients with cirrhosis. The complication rate for < 30% 
and > or = 30% embolization areas is 50% and 100%, 
respectively. In our study, severe complications had a close 
relationship with the extent of  embolization of  the spleen. 
Among the 4 patients with an embolization of  over 70%, 
3(75%) developed severe complications. On the contrary, 
among the 22 patients with embolization of  70% or lower, 
only 1 (5%) developed severe complications, suggesting 
that PSE should be strictly limited to less than 70% of  the 
splenic volume in order to reduce severe complications.

Gelfoam particles are the most commonly used embolic 
material in PSE [9,10,13,14,24-26], and extensive research has 
confi rmed the short- or long-term effi cacy of  PSE using 
gelfoam particles as embolic material[9,13,14,25]. N' Kontchou 
et al [19] also performed PSE using PVA particles as 
embolic material (200-1000 μm in diameter) in patients 
with cirrhosis, but the effi cacy and safety were uncertain, 
especially the long-term efficacy in peripheral blood cell 
count and safety. In this study, we used gelfoam particles 
as embolic material in PSE and achieved good results, 
indicating that gelfoam particles are safe materials in PSE.

In conclusion, combined one-step TACE/PSE 
treatment can improve the tolerance of  HCC patients with 
advanced/decompensated cirrhosis and hypersplenism 
to chemotherapeutic drugs and reduce the risk of  
complications of  invasive radiologic procedures and/
or portal hypertension. PSE may resolve cytopenia 
and clinical complications related to hypersplenism or 
splenomegaly. However, due to severe complications, 
particularly splenic abscess, the indications for PSE should 
be limited and the extent of  necrosis should be controlled 
during the PSE procedure.

 COMMENTS
Background
In many cases of hepatocellular carcinoma (HCC) associated with liver 
cirrhosis and hypersplenism, it is very diffi cult to perform TACE because of the 
high incidence of hemorrhagic complications and poor tolerance of patients 
to chemotherapeutic drugs. The combined one-step TACE/PSE treatment 
can improve the tolerance of patients to chemotherapeutic drugs and reduce 
hemorrhagic complications of invasive radiologic procedures and/or portal 
hypertension.

Research frontiers
In this study, hematologic parameters and severe complications such as pleural 
effusion or ascites, bacterial peritonitis and variceal bleeding were observed. 
PSE may resolve cytopenia and clinical complications related to hypersplenism 

Table 4  Follow-up results of RBC counts (× 1012/L)

1Comparison of RBC counts before and after treatment at different time 
points within each group; 2Comparison of RBC counts between the two 
groups at different time points determined with t-test.

Time Group  A Group  B P -value2

mean ± SD P-value1 mean ± SD P-value1

Pre-treatment 3.02 ± 0.49 3.07 ± 0.51 0.75
Post-treatment
      1 wk 2.84 ± 0.72 0.297 2.93 ± 0.56 0.375 0.639
      2 wk 2.88 ± 0.54 0.325 2.97 ± 0.68 0.583 0.606
      1 mo 2.81 ± 0.36 0.073 2.93 ± 0.71 0.442 0.430
      2 mo 2.92 ± 0.42 0.418 2.85 ± 0.62 0.185 0.623
      3 mo 3.04 ± 0.50 0.924 2.97 ± 0.47 0.439 0.644

Table 5  Complications observed in 50 patients 2 wk after 
treatment  n  (%)

1Data are determined with the χ2 test.

Complications Group  A Group  B P -value

Abdominal pain 20 (76.9) 18 (75.0) 0.8741

Fever 22 (84.6) 20 (83.3) 0.9031

Mild nausea and vomiting   5 (19.2)   6 (25.0) 0.6231

Large amount of pleural 
effusion or ascites

  1 (3.9)   6 (29.2) 0.0161

Bacterial peritonitis   1 (3.9)   6 (25.0) 0.0331

Variceal bleeding   1 (3.9)   7 (29.2) 0.0161
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or splenomegaly. Embolization and embolic material in PSE have not been 
standardized, but in our study, 50% to 70% of embolization was achieved with 
gelfoam particles as embolic material.

Innovations and breakthroughs
TACE has become the best choice of treatment for unresectable HCC. PSE 
may resolve cytopenia and clinical complications related to hypersplenism or 
splenomegaly. However, there have been few reports on the feasibility and effects 
of the combined one-step TACE/PSE treatment in cases of HCC associated with 
liver cirrhosis and hypersplenism.

Applications 
Based on the results of our study, PSE in combination with TACE is more effective 
and safer for patients with HCC associated with hypersplenism caused by cirrhosis 
than TACE alone. 

Terminology
TACE, an abbreviation of transcatheter hepatic arterial chemoembolization, is now 
widely used in treatment of HCC. PSE means partial splenic embolization. 

Peer review
This paper provides some information about combining splenic embolization with 
TACE for gastroenterologists, hepatologists, and interventional radiologists. 
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Abstract
AIM: To discuss the surgical method and skill of biliary 
restricture after Roux-en-Y hepaticojejunostomy for bile 
duct injury.

METHODS: From November 2005 to December 2006, 
eight patients with biliary restricture after Roux-en-Y 
hepaticojejunostomy for bile duct injury were admitted 
to our hospital. Their clinical data were analyzed 
retrospectively.

RESULTS: Bile duct injury was caused by cholecys-
tectomy in the eight cases, including seven cases 
with laparoscopic cholecystectomy and one with mini-
incision choleystectomy. According to the classification 
of Strasberg, type E1 injury was found in one patient, 
type E2 injury in three, type E3 injury in two and type E4 
injury in two patients. Both of the type E4 injury patients 
also had a vascular lesion of the hepatic artery. Six 
patients received Roux-en-Y hepaticojejunostomy for the 
second time, and one of them who had type E4 injury 
with the right hepatic artery disruption received right 
hepatectomy afterward. One patient who had type E4 
injury with the proper hepatic artery lesion underwent 
liver transplantation, and the remaining one with type E3 
injury received external biliary drainage. All the patients 
recovered fairly well postoperatively.

CONCLUSION: Roux-en-Y hepaticojejunostomy is still 
the main approach for such failed surgical cases with 
bile duct injury. Special attention should be paid to 
concomitant vascular injury in these cases. The optimal 
timing and meticulous and excellent skills are essential 
to the success in this surgery. 

© 2007 WJG. All rights reserved.
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INTRODUCTION
Since i ts introduct ion in the 1990s by Dubois [1], 
laparoscopic cholecystectomy has become the “gold 
standard” treatment for symptomatic gallbladder stone 
disease. Limited postoperative discomfort, shorter 
hospitalization, and rapid postoperative recovery have 
been proven to be advantageous of  the procedure. 
Concomitantly, it became obvious that the incidence 
of  bile duct injury rose from 0.06% to 0.3%, as known 
for open cholecystectomy, to 0.5% to 1.4% when 
performed laparoscopically[2-6]. Bile duct injury following 
cholecystectomy is an iatrogenic catastrophe associated 
with signifi cant perioperative morbidity and mortality[7,8], 
reduced long-term survival and quality of  life[9,10], and 
high rates of  subsequent litigation. Apparently, it is a 
great surgical challenge to handle with biliary restricture 
after Roux-en-Y hepaticojejunostomy for bile duct injury. 
The operation can be much more complex and difficult 
when compared with the fi rst attempt for bile duct injury 
reparation.

MATERIALS AND METHODS
Methods
From November 2005 to December 2006, eight cases of  
biliary restricture after Roux-en-Y hepaticojejunostomy, 
performed at other hospitals for bile duct injury, were 
admitted to our hospital. The average age of  those 
patients, seven female and one male, was 48.9 ± 7.5 
(35-60) years. Bile duct injuries were all caused by 
cholecystectomy in other hospitals, including seven 
cases with laparoscopic cholecystectomy and one case 
with mini-incision choleystectomy. Although bile duct 
injury in three patients was initially treated by a T-tube 
placement within a choledocho-choledochostomy, Roux-
en-Y hepaticojejunostomy was performed afterward (with 
a range of  4-13 mo) in those patients because of  failure 
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in primary reparation. For the remaining five patients, 
Roux-en-Y hepaticojejunostomy was performed initially 
either during the operation of  cholecystectomy or within 
a week after cholecystectomy. Unfortunately, all patients 
developed biliary restricture during the follow-up period, 
and were therefore transferred to our hospital.

Bile duct injury was classifi ed according to Strasberg[11] 
when the medical files from the referring hospital were 
reviewed. After admission, those patients received 
abdominal CT and MRCP examination. Type E1 injury 
was found in one patient, type E2 injury in three, type E3 
injury in two and type E4 injury in two patients (Table 1 
and Figure 1). Both of  the patients with type E4 injury 
also had a vascular lesion of  the hepatic artery, with 
disruption of  either the right hepatic artery or the proper 
hepatic artery. The average period between the primary 
Roux-en-Y hepaticojejunostomy and the operation in 
our hospital was 41.3 ± 46.5 (5-148) mo. Six of  the eight 
patients received Roux-en-Y hepaticojejunostomy for the 
second time without stent implantation, and one of  the 
six patients who had type E4 injury with the right hepatic 
artery disruption underwent right hepatectomy afterward. 
One patient who had type E4 injury with the proper 
hepatic artery lesion received liver transplantation, and the 
remaining one patient with type E3 injury received external 
biliary drainage. 

RESULTS
All patients recovered uneventfully, and no significant 
complications occurred postoperatively. Three patients 
received additional or alternative surgical procedures. In 
one patient who had type E4 injury with the right hepatic 
artery disruption, the primary bile-enteric anastomosis 
of  the left hepatic duct was fairly good, however the 
scarred biliary stricture occurred in the primary biliary-
enteric anastomosis of  the right hepatic duct, and multiple 
small abscesses were located in the right lobe of  the 
liver. Considering the possibility of  liver failure caused by 
insuffi cient remnant liver volume, we did not perform right 
hemihepatectomy at that time. Carefully removing those 

infl ammatory scar tissues, we identifi ed the openings of  the 
right anterior hepatic duct and the right posterior hepatic 
duct. We connected these two bile duct openings into one 
by plastic reconstruction and performed biliary-enteric 
reanastomosis. Six weeks later, the abscess was found in 
the right hepatic lobe of  this patient on CT with clinical 
symptoms. However, the left hepatic lobe compensatory 
enlarged and liver function improved, and thus the right 
hemihepatectomy was performed safely afterward. The 
other patient with type E4 injury had proper hepatic artery 
disruption, although compensatory collateral arterial blood 
supply from the left gastric artery could be identifi ed by 
CT (Figure 2). The patient presenting secondary biliary 
cirrhosis combined with portal hypertension at admission 
received liver transplantation. The remaining patient with 
type E3 injury suffered from severe biliary infection, and 
the general condition was extremely poor. Although several 
stones were removed in the biliary-enteric anastomosis of  
the left duct during the operation, we could not expose 

Table 1  Patient basic status of bile duct injury

Patient
number

 Type of 
   injury
(Strasberg)

Combined
with vascular
   injury

Operation
   type 

Postoperative 
liver function

    1         E1         - Roux-en-Y     Normal
    2         E2         - Roux-en-Y     Normal
    3         E2         - Roux-en-Y     Normal
    4         E2         - Roux-en-Y     Normal
    5         E3         - Roux-en-Y     Normal
    6         E3         - External biliary 

drainage
    TBIL among
    100 mmol/L

    7         E4 right HA 
injury

Roux-en-Y, right 
hepatectomy 
afterward

    Normal

    8         E4 Proper HA 
injury

Liver 
transplantation

    Normal

HA: Hepatic artery; Roux-en-Y: Roux-en-Y hepaticojejunostomy; TBIL: Total 
bilirubin.

Figure 2  Computed Tomography angiography (CTA) of one type E4 injury 
patient displayed the lesion of the proper hepatic artery (arrow), although some 
compensatory collateral arterial blood supply from the left gastric artery could be 
identifi ed. This patient received liver transplantation.

> 2 cm
   E1

< 2 cm
   E2 E3

E4
E5

Figure 1  Strasberg classifi cation of bile duct injury. E1: Transected main bile duct 
with a stricture more than 2 cm from the hilus; E2: Transected main bile duct with 
a stricture less than 2 cm from the hilus; E3: Stricture of the hilus with right and left 
ducts in communication; E4: Stricture of the hilus with separation of right and left 
ducts; E5: Stricture of the main bile duct and the right posterior sectoral duct.



the main opening of  the right hepatic duct even when 
painstakingly dissecting hepatic hilar tissue about 3 cm 
in depth. As a result, external biliary drainage had to be 
carried out.

At a median follow-up of  10 (range 4-17) mo, the six 
patients who received Roux-en-Y hepaticojejunostomy for 
the second time and one undergoing liver transplantation 
was clinically and biochemically stable without any 
pathologic findings. The symptoms of  biliary infection 
of  the patient receiving external biliary drainage were 
controlled, the liver function was ameliorated, and total 
bilirubin dropped from the preoperative level of  318 
μmol/L to a level of  around 100 μmol/L. This patient 
was waiting for liver transplantation. 

DISCUSSION
In the United States and Canada, 34%-49% of  surgeons 
have experienced a major bile duct injury, in one or two 
cases[5,12]. Increasing evidence has suggested that such 
injury should be managed by an experienced hepatobiliary 
surgeon[13] and the early recognition of  injury directly 
affects the outcome[7]. Patients treated by the injuring 
surgeons have an increased death risk of  11% at nine 
years[14], yet in North America 58%-75% of  injuries 
are still repaired by the injuring surgeons[9,12]. Similarly, 
such situation also occur in China. Undoubtedly, it is a 
surgical challenge to handle the failed cases of  Roux-en-Y 
hepaticojejunostomy for bile duct injury. 

Preoperative preparation
Initial treatment should focus on resuscitation of  the 
patient, drainage of  any collections to create a controlled 
enterocutaneous fistula and treatment of  sepsis. Any 
unuseful intra-abdominal drains may be withdrawn 
subsequently from the hilum, reducing the infl ammation 
caused by such a foreign body, thereby allowing the tissue 
to mature. Nutritional supports should be maintained 
during the whole perioperative period[15], since bile duct 
injury may even result in a systemic infl ammatory response, 
with subsequent development of  multiorgan failure. A 
low serum level of  albumin at the time of  surgery is often 
associated with a poor outcome[16]. Thus, it is important 
to address any nutritional defi cit with enteral feeding, as 
long periods of  biliary-enteric discontinuity will impair the 
function of  the intestinal barrier and increase the risk of  
endotoxaemia and fat soluble vitamin defi ciency[17].

Choice of operative method
If  the bi l iary conf luence is intact and there is no 
associated vascular injury, a hepaticojejunostomy onto the 
extrahepatic bile duct gives the best result[15,18-20]. Based 
on our preliminary experience, the number and diameter 
of  bile duct openings at the hilum is not the limiting 
factor of  the surgery. Murr et al[20] reported a 91% success 
rate and an 88% 5-year stricture-free survival. In liver 
transplantion surgery, biliary complications are almost 
universal following hepatic artery thrombosis. Vascular 
injuries contribute signifi cantly to postoperative morbidity 
and mortality, particularly in cases of  delayed diagnosis[21]. 
It has been shown that ductal ischemia due to concomitant 

hepatic arterial damage may be a cause of  failed primary 
hepatojejunostomal reconstruction or late peripheral bile 
duct stenosis[22,23]. Occlusion of  the right hepatic artery can 
lead to necrosis of  the right hepatic lobe; therefore, it may 
be appropriate to consider a right hemihepatectomy[21]. 
In the case of  poor general condition and uncontrollable 
biliary system infection, external biliary drainage might 
be the unique choice at the time of  emergency. Patients 
who have developed secondary biliary cirrhosis should be 
considered to be the candidates for liver transplantation 
rather than further reconstruction, especially if  there 
is significant portal hypertension[15]. Bile duct injury 
associated with complex vascular lesions might even 
necessitate liver transplantation[24].

Exposure of proximal bile duct
It is extremely important to create the biliary-enteric 
anastomosis to a healthy, non-inflamed, non-scarred 
duct. After the failure of  the fi rst attempt of  Roux-en-Y 
hepaticojejunostomy, such dissection would become 
particularly diffi cult, for the level of  scarred biliary stricture 
could be much higher than that of  the primary bile duct 
injury. Once all adhesions of  the right upper quadrant 
are sectioned, dissection of  the jejunal limb is perfomed 
because misplacement and erroneous construction of  
Roux-en-Y are found in some patients[25]. For a correct 
hilar dissection, it is necessary to avoid the interruption of  
arterial branches as much as possible. No effort is given 
to completely dissect the arterial supply to the liver[26]. The 
hepatic artery itself  and the previous surgical suture could 
be a useful anatomical mark in searching the bile duct 
at the hepatic hilum. The hilar plate is sectioned and the 
hilus is retracted caudally. If  bile leak is observed during 
dissection, fi ne bile dilators are carefully inserted to identify 
the main ducts. Once the bile duct is explored, the scarred 
duct has to be removed up to a level at which a healthy 
duct is found. If  the bifurcation is lost, with the isolated 
left and right hepatic duct, or the confl uence is high and 
deep in the liver, dissection of  the proximal bile ducts is 
not easily obtained. In such cases, partial liver resection of  
the segment Ⅳ and Ⅴ is done to allow adequate exposure 
of  the left and right ducts, as described by Strasberg[27]. 

Surgical technique
In the present study, al l patients received surgical 
repairs at their primary hospitals, and some even 
experienced numerous attempts. All those failed biliary-
enteric anastomoses were placed at a too low level 
and exhibited technical faults such as the use of  non-
absorbable silk suture materials or a two-layer anstomotic 
technique. Attention to the anatomical placement of  the 
anastomosis is of  great importance[19,28,29], as failure after 
hepaticojejunostomy is usually caused by an anastomotic 
stricture, which is often ischemic in nature[28]. The healthy 
soft opening of  the bile duct is crucial to the success 
of  biliary-enteric reconstruction, however, the number 
and diameter of  bile duct openings are comparatively 
of  less importance. If  bile duct openings at the hilum 
are nearby, plastic reconstruction could merge them into 
one or two openings (Figures 3 and 4). Although it is still 
controversial whether interrupted suturing or continuous 
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running suturing is better for biliary-enteric anastomosis, 
we prefer the latter even in those extremely diffi cult cases 
with a single bile duct opening less than 3 mm in diameter. 
Actually, the distribution of  tension in a continuous 
running suture would be more equal than an interrupted 
suture. Moreover, without the disturbance of  multiple 
stitches as in interrupted suture, a continuous running 
suture would provide surgeons an easier way to focus their 
attentions to performing the anastomosis. The assistant 
surgeon should never pull the suture too tight during the 
entire procedure as we do expect to leave a ‘growth factor’ 
in every stitch. To improve the quality of  biliary-enteric 
anastomosis is beyond the quarrel of  the interrupted 
suture or continuous running suture. Based on our 
experience, traditional silk suturing should be abandoned 
in biliary-enteric anastomosis, since it might cause ‘silk 
suture reactive stones,’ looking like a necklace around the 
anastomosis area in some cases. Compared to most of  
the reported literature using absorbable PDS® suture for 
the anastomosis, we routinely use the non-absorbable 
Prolene® suture. Having observed a few cases of  
anastomotic edema of  bile duct reconstruction using PDS® 
suture in previous liver transplanted patients, we consider 
that such absorbable suturing might be responsible for 
the foreign body reaction. However, this requires further 
investigations to draw a conclusion as to whether the 
absorbable PDS® suture or the non-absorbable Prolene® 
suture is advantageous in biliary-enteric anastomosis. 

Attention to concomitant hepatic artery injury
It was reported that concomitant vascular injury was 
present in 71% of  patients with Bismuth level Ⅳ lesions 
and in 63% of  those with Bismuth level Ⅲ bile duct 
injury[23]. In our group, both of  the type E4 injury patients 
had a hepatic artery lesion. Special attention should be paid 
to concomitant vascular injury in those complicated cases. 
The prognostic impact of  vascular damage was underlined 
by Buell et al, who reported a 38% mortality rate in the 
presence of  arterial lesions as against 3% in patients with 
injuries limited solely to the bile duct[30]. When vascular 
injury is recognized during the original operation, we 
would recommend immediate arterial reconstruction 
if  the surgeon is capable or transfer the patient to a 
tertiary specialty department/clinic for defi nitive surgical 

repair. Delayed diagnosed vascular lesions are mostly 
not accessible for revascularization and can be followed 
by hepatic necrosis or persistent cholangitis resulting in 
end-stage liver cirrhosis. Based on our limited experience 
on one patient receiving liver transplantation and data 
reported by others, patients with bile duct injury associated 
with severe vascular lesion might be considered for liver 
transplantation. 

Major bile duct injury during cholecystectomy is 
a disaster not only for the patient, but also for the 
surgeon. Although it would be extremely difficult to 
manage the patients with biliary restricture after Roux-
en-Y hepaticojejunostomy for bile duct injury, good 
results could be achieved in the form of  Roux-en-Y 
hepaticojejunostomy for the second time in those 
complicated cases. Undoubtedly, a better general 
preoperative condition, careful selection of  the operation 
method, exce l lent surg ica l sk i l l s and met iculous 
postoperative management would account for a favourable 
outcome in bile duct injury cases.

 COMMENTS
Background
Laparoscopic cholecystectomy has become the first choice of management 
for symptomatic cholecystolithiasis. While it is associated with decreased 
postoperative morbidity and mortality, bile duct injuries are reported more severe 
and more common when compared with open cholecystectomy. 

Research frontiers
Bile duct injury would be aggravated by delayed recognition or a failed initial repair. 
It is a great challenge for surgeons to handle the biliary restricture after Roux-en-Y 
hepaticojejunostomy for bile duct injury. In most cases, if the biliary confl uence is 
intact and there is no associated vascular injury, a secondary hepaticojejunostomy 
on the extrahepatic bile duct gives the best result. 

Innovations and breakthroughs
It is extremely important to create the biliary-enteric anastomosis to a healthy, 
noninfl amed, nonscarred duct, although the level of scarred biliary stricture could 
be much higher than that of the primary bile duct injury. Based on our preliminary 
experience, the number and diameter of bile duct openings at the hilum are not 
the limiting factors of the surgery. We prefer continuous running suture for biliary-
enteric anastomosis. 

Applications 
Although it would be of great diffi culty to manage the patients with biliary restricture 

Figure 4  Plastic reconstruction in one type E3 patient merging several bile duct 
openings into one at the hilum after removal of the scarred ducts (the same patient 
in Figure 3). 

Figure 3  MRCP appearance of one type E3 injury patient showing dilation of 
intrahepatic bile ducts (arrows). 
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after Roux-en-Y hepaticojejunostomy for bile duct injury, good results could be 
achieved in a secondary Roux-en-Y hepaticojejunostomy in those complicated cases.

Terminology
Hepaticojejunostomy: anastomosis of hepatic duct and jejunum. 

Peer review
The paper by Yan et al describes their surgical experience on biliary restricture 
after Roux-en-Y hepaticojejunostomy for bile duct injury in a Chinese university 
hospital. The results of the surgery seem to be impressive.
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Littoral-cell angioma of the spleen: A case report
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Abstract
Littoral-cell angioma (LCA) is a primary splenic vascular 
tumor that arises from the normal littoral cells lining 
the sinus channels of the splenic red pulp. We report a 
case of LCA of the spleen, which has been infrequently 
communicated in the literature. A 76-year-old man 
with a 2-wk history of weight loss, abdominal pain and 
changes in bowel habits was admitted to our hospital. 
Imaging studies (CT and MRI) showed multiple lesions 
in the spleen. Splenectomy was performed. Lining cells 
were positive for CD31/CD68 markers. Our case was 
associated with a serrated colonic adenoma. LCA is a 
benign vascular tumor of the spleen that needs to be 
included in the differential diagnosis of multiple splenic 
nodules.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Littoral-cell angioma (LCA) is a rare primary tumor of  
the spleen that was fi rst described by Falk et al in 1991[1]. 
Considered a benign condition, this neoplasm arises from 
the red cell pulp sinuses and has intermediate features 
between those of  endothelial and histiocytic cells. To 
the best of  our knowledge, there have been 11 cases of  
LCA reported in the English-language literature since the 

description of  this disease in 1991[2]. We report a case of  
LCA in a patient who had symptoms of  weakness, pain 
and change in bowel habits. The combination of  CT and 
MRI showed multiple lesions in the spleen. Postoperative 
pathology examination confirmed the final diagnosis of  
LCA.

CASE REPORT
A 76-year-old man was admitted to our hospital with 
a 2-wk history of  weakness, weight loss, anorexia, 
hypogastric abdominal pain and change in bowel habits. 
His past medical history showed gastrectomy due to 
peptic ulcer at the age of  63 years and polypectomy 
of  villous colonic adenoma 2 years before admission. 
Physical examination was normal. No splenomegaly 
was found. Results of  routine laboratory tests were 
normal. Colonoscopy identified a polylobulated polyp 
≥ 3 cm in size in the sigmoid colon, and polypectomy 
was performed. Pathology was conclusive for serrated 
adenoma. An enhanced CT scan of  the abdomen 
showed multiple round, hypodense lesions in the spleen. 
Abdominal MRI revealed multiple splenic hypointensive 
lesions (Figure 1) . Our presumptive preoperative 
diagnosis was lymphoma or hemangioma. Splenectomy 
was performed. Microscopically, lesions consisted of  
anastomosing vascular channels with papillary projections 
and cyst-like spaces. They were lined with endothelial cells 
that showed hemophagocytosis. Lining cells were positive 
for both vascular (CD31) and histiomonocytic (CD68) 
markers (Figure 2), but CD8 and CD3 were negative. Ten 
months after surgery, the patient was asymptomatic.

DISCUSSION
LCA of  the spleen may occur at any age (1-77 years; 
median age, 50 years), with no sex-based predilection 
(female: male ratio, 5:3)[2,3]. Clinically, patients have 
splenomegaly, abdominal pain, pyrexia of  unknown 
origin[4] or hypersplenism. LCA may present as an 
inc identa l f inding. LCA may appear as s ing le or 
multiple lesions in the spleen. Splenic lesions ranged 
from 0.2 to 6.0 cm. An extensive list of  possibilities 
such as multiple hemangiomas, lymphoma, metastatic 
disease, and disseminated infections caused by fungi, 
mycobacteria, Pneumocystis carinii and sarcoidosis, should be 
considered in the differential diagnosis of  multinodular 
splenomegaly. CT, MRI, US, and Tc99m RBC scan 
characteristics have been correlated with histological and 
immunohistochemical pathological features[5]. Consistent 
CT features of  splenic LCA reported in the medical 

www.wjgnet.com



literature include low-attenuating lesions on contrast-
enhanced images[2,6]. Morphological diagnosis is based on 
the presence of  anastomosing vascular channels lined with 
tall endothelial cells, focal papillary fronds, and normal 
splenic sinuses at the periphery of  the lesion. Combination 
of  morphological and immunohistochemical analyses 
that show a hybrid endothelial-histiocitic phenotype 
establish the diagnosis of  LCA[1,7]. Two case reports have 
described variants of  LCA with histological features of  
malignancy[8,9].

One third of  the previously reported cases were 

associated with tumors of  visceral organs, including 
colorectal, renal, hepatocellular[10], lung[11] and pancreatic 
adenocarcinomas, malignant lymphoma[12], myelodysplastic 
syndrome[13], or aplastic anaemia[14]. Since the malignant 
potential of  LCA has not been fi rmly established in the 
literature, we recommend close clinical follow-up of  
patients with LCA of  the spleen.
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Figure 1  MRI: multiple hypointense lesions in the spleen (T2).

Figure 2  Vascular proliferation, well established (arrows), and very similar to 
normal spleen sinusoids. A: Negative for CD8; B: Positive for histiomonocytic 
markers.
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CASE REPORT
A 44-year-old woman was admitted with a complaint of  
abdominal pain that was present for the previous 15 d and 
was increasing in intensity, together with nausea. In her 
history she mentioned being operated on 2 mo previously 
for hydatic cyst, with cystotomy and drainage (Figure 1). 
On physical examination, there was epigastric pain and 
tenderness, and laboratory fi ndings were not remarkable, 
other than for mild leukocytosis. Gastroduodenoscopy was 
performed for her gastric complaints. Upon endoscopy, 
a foreign body (gauze) that protruded from the pylorus 
to the antrum was identified. The gauze could not be 
retrieved after being approached by biopsy forceps and 
a polypectomy snare (Figure 2). In upper abdominal CT, 
there was a foreign body (3 cm × 3.5 cm) with intramural 
localization in the first and the second parts of  the 
duodenum. It was surrounded by a thin wall, had a density 
with-600-700 HU (air density/air bubble), heterogeneous 
internal structure and was protruding in to the duodenum 
(Figure 3). As there was no free perforation, the decision 
was taken for conservative treatment, and proton pump 
inhibitors and liquid diet were recommended. The patient 
had a stable clinical course and was endoscopically 
followed-up at 5-d intervals. During the follow-up, the 
gauze slowly migrated to the lumen. On the fourth 
endoscopic examination, there was no gauze in the lumen, 
and there was an ulcerated area with a fi stula opening in 
the middle at the same position (Figure 4). There was no 
foreign body observed on control CT (Figure 5). Upon 
questioning the patient, no information could be obtained 
about the passage of  the gauze. Following 3 mo of  medical 
treatment, all the symptoms were gone; upon control 
endoscopy, ulcer scar was observed on the bulbous. 

DISCUSSION
The incidence of  surgical sponge being retained during 
operation is diffi cult to estimate, but it has been reported 
as 1 in 100-3000 for all surgical interventions and 1 in 
1000-1500 for intra-abdominal operations[4]. Retained 
sponges are most frequently observed in patients with 
obesity, during emergency operations[6] and following 
laparoscopic interventions[7]. Gossypiboma is most 
frequently diagnosed in the intra-abdominal cavity; 
however, it can also be seen in paraspinal muscles[8] and the 
intrathoracic region[9], legs[10] and shoulders[11].

Gossypiboma results in significant morbidity and 
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Abstract
Gossypiboma is the technical term for a retained surgical 
sponge. Because of legal-ethical concerns, there have 
not been many publications on this topic. Delays in 
diagnosis and treatment might increase mortality and 
morbidity. Radiological imaging is used in diagnosis. We 
present a case of gossypiboma that had fistulized to 
bulbous following hydatic cyst surgery. We established 
the diagnosis with endoscopy and followed its migration 
endoscopically. 
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INTRODUCTION
Gossypiboma (textiloma, gauzoma, muslinoma) is a rare 
iatrogenic mass caused by the retention of  gauze fibers 
during surgery. The retention of  surgical sponges in body 
cavities is a rare clinical condition which is preventable[1,2]. 
Retained surgical sponge or gossypiboma in the abdominal 
cavity is an infrequent but serious surgical complication 
that may lead to medicolegal problems. The condition 
has not been very frequently reported due to possible 
medicolegal concerns[1,3-5]. 
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possible mortality[5,12]. It can present itself  as an intra-
abdominal mass and might lead to erroneous biopsy 
attempts and unnecessary manipulations[13]. It commonly 
leads to misdiagnosis and unnecessary surgery[12]. Clinical 
presentation may be acute or subacute, and may follow 
months or even years after surgery[14]. Presentation 
of  g ossypiboma may var y and can be caused by 
pseudotumoral, occlusive or septic syndromes[5]. Of  
14 patients with a diagnosis of  gossypiboma, 13 were 
admitted with non-specifi c abdominal pain and intestinal 
obstruction. Four patients required emergency surgery due 
to intestinal obstruction or intra-abdominal sepsis[15]. Six 
patients with abdominal gossypiboma had symptoms of  
a mass, nausea, vomiting, abdominal distention and pain. 
Three patients were diagnosed with intestinal obstruction 
and two with pseudotumoral syndrome[16]. If  the patients 
do not recover in the postoperative period and are 
readmitted with extraordinary problems, gossypiboma 
should defi nitely be considered as the differential diagnosis 
in such cases[12]. During the period that gossypiboma 
remains in the body, extrusion of  the gauze can occur 
externally through a fistulous tract or internally into the 
rectum, vagina, bladder or intestinal lumen[17]. By either 
fi stulizing to a luminal organ or through direct migration, 
it can cause intestinal obstruction[18-21]. There are reports 
of  spontaneous migration of  the sponge from the colon 
or rectum in the literature[3,6]. 

There has also been a case report demonstrating the 
migration of  endoscopically confirmed intra-abdominal 
gossypiboma through fi stulization to a luminal organ. In 
addition to assisting with a defi nitive diagnosis, endoscopy 
can also be helpful in planning treatment[18]. The gauze that 

was endoscopically diagnosed in our case was found to 
have been corrected in the endoscopic follow-up, without 
necessitating surgical intervention.  

They are mostly diagnosed by radiological methods 
in clinical practice. In radiological examinations, they are 
mostly seen as radio-opaque material, yet radiolucent 
material like sponges can cause diagnostic problems[3]. Plain 
radiographs suggest the diagnosis if  a textile foreign body 
is calcifi ed, that is, is equipped with a radio-opaque marker, 
or when a characteristic “whirl-like” pattern is present[22]. 
In the presence of  radio-opaque markers, retained surgical 
sponges can be easily diagnosed by direct abdominal 
radiography; yet, if  they penetrate and migrate inside the 
small bowel or bladder, it is diffi cult to localize them[20]. US 
images can be classifi ed into two groups, a cystic type and 
a solid type[19]. US that shows a hyper-refl ective mass with 
a hypoechoic rim, along with a strong posterior shadow, 
and CT that reveals a whirl-like spongiform pattern 

Figure 1   Act ive 
hydatic cyst lesion 
in the liver seventh 
segment. 

Figure 2   Gauze 
that could not be 
removed, despite 
being approached 
by biopsy forceps.

Figure 3  Lesion with 
a density-600-700 
H U  ( a i r  b u b b l e ) 
and heterogeneous 
internal structure, 
hypodense area in 
the liver pertaining 
to a postoperative 
cavity

Figure 4  Fistula 
o p e n i n g  o n  t h e 
anterior part of the 
bulbous, and surro-
unding granulation 
tissue after sponta-
neous migration of 
the gauze.

Figure 5  Control 
CT fo l lowing the 
intraluminal migra-
tion of the intramu-
rally localized gauze 
in the first and the 
second parts of the 
duodenum.
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in a hypodense mass, with a thick peripheral rim, are 
considered the mainstay of  investigation[5]. CT and US are 
necessary procedures in chronic cases, since the lesion may 
mimic a mass. CT usually reveals a hypodense mass with a 
thick peripheral rim[22]. Upper abdominal CT examination 
of  our patient revealed a hypodense lesion surrounded by 
a regular capsule.  

Surgery is the preferred method of  treatment for 
gossypiboma. Of  eight patients who were diagnosed 
12 mo after initial surgery, seven were treated surgically 
and one was cured with spontaneous migration from the 
rectum[6]. One patient who developed perforation and 
an abscess because of  migration to the ileum required 
surgery[7]. There have been rare case presentations like our 
own, in which total migration to a luminal organ results in 
recovery without requiring a second operation. However, 
we think that in the absence of  free perforations, as in our 
case, and in the presence of  migration to luminal organs, 
conservative treatment with clinical and radiological 
follow-up should be considered. 

In order to prevent these types of  complications, we 
need to abide by the rule of  total control of  all surgical 
material before and after surgery, which is the main 
principle in all procedures. Strict measures must be taken 
to prevent this complication.
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Abstract
Imatinib mesylate is a drug that has been approved 
for treatment of chronic myeloid leukemia (CML) in 
blast crisis, accelerated or chronic phase, and also 
for advanced gastrointestinal stromal tumors. Severe 
hepatic toxicity and three deaths from hepatic failure 
have been reported. We report the case of a 51-year-old 
woman who was admitted to our institution with severe 
acute hepatitis. She was diagnosed with CML and began 
treatment with imatinib mesylate at a dose of 400 mg/d. 
Five months after beginning treatment, she developed 
severe hepatitis associated with coagulopathy, and was 
admitted to our institution. She had been consuming 
acetaminophen 500-1000 mg/d after the onset of 
symptoms. She had a progressive increase in bilirubin 
level and a marked decrease of clotting factor Ⅴ. Five 
days after admission, grade Ⅱ encephalopathy developed 
and she was referred for liver transplantation. Her clinical 
condition progressively deteriorated, and 48 h after being 
referred for transplantation she suffered a cardiac arrest 
and died. This report adds concern about the possibility 
of imatinib-mesylate-induced hepatotoxicity and liver 
failure, particularly in the case of concomitant use with 
acetaminophen. Liver function tests should be carefully 
monitored during treatment and, with the appearance of 
any elevation of liver function tests, treatment should be 
discontinued.

© 2007 WJG. All rights reserved
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INTRODUCTION
Imatinib mesylate (Gleevec; Novartis, East Hanover, 
NJ, USA) is a drug that targets bcr-abl tyrosine kinase, an 
enzyme that is regarded as the cause of  Philadelphia-
chromosome-positive chronic myelogenous leukemia 
(CML). It induces a much higher rate of  complete 
cytogenetic remission (CCR), with improved tolerability 
and better progression-free survival compared to other 
therapies. It has been approved for treatment of  CML in 
blast crisis, accelerated or chronic phase[1,2], and also for 
advanced gastrointestinal stromal tumors[3].

Severe hepatic toxicity has been reported in clinical 
trials. This includes grade 3 (5-20 times ULN) or 4
(> 20 times ULN) transaminase elevation in 1%-5.1% 
of  patients, and grade 3 (3-10 times ULN) or 4 (> 10 
times ULN) bilirubin elevation in 0.4%-3.5% of  patients. 
Hepatotoxicity is usually resolved with imatinib dose 
reduction or interruption. Yet, permanent imatinib 
discontinuation for hepatic toxicity has been required in 
0.5% of  patients[4-6]. Three deaths from hepatic failure 
have been reported: two during treatment for CML (one 
in a phase 2 clinical trial[4,5] and the other during regular 
treatment[7]) and one during treatment for polycythemia 
vera[8]. We report another case of  fatal acute hepatic failure 
in a patient receiving imatinib for CML.

CASE REPORT
A 51-year-old woman was admitted to our institution 
with severe acute hepatitis. She was diagnosed with 
CML 7 mo before admission. She was initially treated 
with hydroxyurea for 1 mo and then began treatment 
with imatinib mesylate at a dose of  400 mg/d. Five 
months after starting treatment, she developed asthenia. 
Laboratory tests showed elevated aminotransferases 
with normal bilirubin (Table 1). Treatment with imatinib 
was discontinued. Liver function tests worsened and she 
developed jaundice (Table 1). Fourteen days after imatinib 
was discontinued she was admitted to our institution with 
severe hepatitis associated with coagulopathy (prothrombin 
time 30% and clotting factor Ⅴ level 19%) (Table 1). On 
admission she was jaundiced, had no signs of  chronic liver 
disease and no evidence of  encephalopathy. Abdominal 
ultrasound showed a reduced-size, homogeneous liver. 
The spleen was normal, and there were no signs of  biliary 
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obstruction. Portal and suprahepatic veins were patent, 
with adequate blood flow. Minimal ascitic fluid was 
observed.

The patient had no known risk factors for viral or 
alcoholic liver disease. She had not recently used any 
dietary products or herbal remedies. She had been 
consuming acetaminophen 500-1000 mg/d after the onset 
of  symptoms. Screening was negative for viral (HAV, 
HBV, HCV, CMV, EBV, HSV Ⅰ and Ⅱ) and autoimmune 
hepatitis (ANA, ASMA, ANCA, LKM1 negative). Urinary 
copper level was normal, and she had a mild iron overload.

Concerning her CML, status detection of  t (9; 22) BCR 
ABL (p 210) was performed by RT-PCR. It tested positive 
in peripheral blood and in the bone marrow. During the 
following days, the patient had a progressive increase 
of  bilirubin level and a marked decrease of  clotting 
factor Ⅴ (Table 1). Five days after admission, grade Ⅱ 
encephalopathy developed. Prothrombin time was 6% and 
clotting factor Ⅴ level was 10%, with a bilirubin level of  
360 mg/L. She was referred for liver transplantation.

On arrival at the transplantation unit, the patient 
was admitted to the intensive care unit. Encephalopathy 
progressed to grade Ⅲ. During the following 24 h, she 
developed multiorgan failure with hypotension, low 
urinary output, respiratory distress and metabolic acidosis. 
Vasopressors were required, and high dose steroids 
(60 mg/d per nasogastric tube) and broad-spectrum 
antibiotics were started empirically. She was intubated and 
mechanical ventilation was initiated. Blood, urinary and 
ascites cultures were negative. Neutrophil count in peritoneal 
fl uid was < 250/mm3. No evidence of  major bleeding was 
observed. Her clinical condition progressively deteriorated, 
and 48 h after admission she suffered a cardiac arrest that 
was unresponsive to resuscitation, and died.

DISCUSSION
Imatinib mesylate is a selective tyrosine kinase inhibitor 

that is used in CML, Phi ladelphia-posi t ive acute 
lymphoblastic leukemia, and also gastrointestinal stromal 
tumors. Grade 3 or 4 transaminase elevation has been 
reported in up to 5.1% of  patients in phase 2 and 3 clinical 
trials[4-6]. There have been three reported cases of  fatal 
acute liver failure. In a phase 2 clinical trial, one death was 
suspected to be related to treatment in a patient taking 600 
mg/d. The patient had received a bone marrow transplant 
and had been concomitantly taking 3000-3500 mg/d 
acetaminophen 1 mo before starting treatment. The 
patient died 12 d after beginning treatment[5]. A 46-year-old 
woman with CML developed abnormal liver function tests 
and subsequent acute liver failure after 18 mo of  treatment 
with 400 mg/d. She received a liver transplant but later 
died due to sepsis. The explanted liver had histological 
features of  severe hepatic necrosis[7]. In the third case, a 
61-year-old woman with polycythemia rubra vera in spent 
phase/myelofibrosis received treatment with 400 mg/d 
7 wk. She died 6 d after admission, secondary to extensive 
hepatic necrosis. Post-mortem histology revealed 
microthrombi within the vasculature of  the liver, lungs 
and spleen. The authors postulated that the mechanism 
of  hepatic necrosis was due to an exacerbation of  the 
underlying prothrombotic tendency of  polycythemia vera, 
which is not present in CML[8].

There are other references to liver toxicity with 
imatinib, yet all of  them resolved after discontinuation 
of  treatment. Data about liver histology varies between 
reports of  focal necrosis with lymphocytic infi ltration[9,10]; 
from marked periportal necrosis with mixed lymphocyte, 
neutrophil and plasmocyte infi ltration[13]; to massive hepatic 
necrosis[11] or cytolytic acute hepatitis[12]. The time between 
beginning treatment and development of  liver toxicity 
varies from 11 d to 49 wk[9-12]. In one study, treatment was 
reinitiated twice after normalization of  laboratory tests. 
In both cases of  re-challenge, including one with 2.5% of  
the current therapeutic dosage, liver toxicity reappeared[13]. 
See Table 2 for a comparison of  previously reported cases 
of  serious (fatal and non-fatal) drug-induced liver damage 
following treatment with imatinib mesylate (adapted from 
the report of  Cross et al[7]).

Data about management of  imatinib liver toxicity are 
scarce. Ferrero et al have reported that corticosteroids at 
low to intermediate dosage can reverse imatinib-induced 
hepatotoxicity. The use of  prednisone (25-37 mg/d) 
or methylprednisolone (40 mg/d) resulted in the 
normalization of  aminotransferase levels in 2-4 wk in all 
fi ve patients treated. Imatinib therapy was then resumed 
at increasing dosage while corticosteroids were gradually 
tapered, without reappearance of  liver toxicity[14].

Novartis, the manufacturer of  imatinib, recommends 
in the package insert of  Gleevec that liver function 
tests (transaminases, bilirubin, alkaline phosphatase and 
prothrombin time) should be monitored before initiation 
of  treatment and then monthly, or as clinically indicated. 
If  elevation in bilirubin is > 3 × the institutional upper 
limit of  normal (IULN) or if  liver transaminase is > 5 × 
IULN, then Gleevec should be withheld until bilirubin 
levels have returned to < 1.5× IULN and transaminase 
has returned to < 2.5 × IULN. Deininger et al have 
recommended obtaining liver function tests before 

Date AST ALT ALP TB  DB WBC  Neu PT (%)
29/12/5     70     55 197   0.5   0.14 247 148.2
21/2/6       9     13 330   0.3   0.08     5.78     4.769
10/5/6     38     49 204   0.47   0.1
31/5/6 1060 1493 288   0.68   0.2
14/6/6 2224 3185 648   8.43   5.45
16/6/6 2595 3028 668 12.19   7.65    30
21/6/6 1887 1941 831 25.4 19.81     9.86     7.701    13
22/6/6 1626 1757 756 26 20.28     9.47     7.59    11
23/6/6 1495 1752 793 27 20.79   10     7.36      9
24/6/6 1467 1767 800 26.8 21.44   14.4   11.16      9
25/6/6 1359 1553 789 32 23.36   17   12.75      6
26/6/6 1212 1121 774 36 26.64   22.2   17.1      6
27/6/6 1024   900 686 24.7   9.5   86.8   39.9 N-M1

28/6/6 1269   561 362 11.5   4.8   42   33.6 N-M1

Table 1  Laboratory values

TB: Total bilirubin, n < 12 mg/L; DB: direct bilirubin, n < 3 mg/L; AST: 
Aspartate aminotransferase, n < 40 IU/L; ALT: Alanine aminotransferase, 
n < 35 IU/L; ALP: Alkaline phosphatase, n < 240 IU/L; GGT: Gamma-
glutamyltransferase, n < 32 IU/L; WBC: White blood cells, n = 4000-10 000 
cells/mm3; Neu: Neutrophils, n = 2000-6500 cells/mm3; PT: Prothrombin 
time, n = 70%-100%; 1N-M: Non-measurable due to extremely prolonged 
prothrombin time.



treatment is started, every other week during the first 
month of  therapy, and at least monthly thereafter[15].

Acetaminophen is widely known as a cause of  acute 
liver failure[16] and has been implicated as a signifi cant co-
factor in the pathogenesis of  acute liver failure in patients 
with acute hepatitis B and in those taking antitubercular 
therapy[17]. Even though there is some controversy 
regarding the safety of  acetaminophen in patients treated 
with imatinib, Deininger et al have recommended that 
patients be advised to use it with caution[15].

Acute liver failure is a rare condition that requires 
prompt evaluation for liver transplantation[18]. Pretransplant 
evaluation is required to exclude contraindications, 
such as malignancy[18,19]. Acute liver failure in patients 
with potentially treatable or curable cancer, such as 
hematological malignancy, is extremely unusual. The 
role of  liver transplantation in these cases is unknown. 
The decision must be individualized to each patient, and 
discussed between the liver transplant and oncology teams.

The present case report confirms the possibility of  

imatinib-mesylate-induced liver failure, particularly in 
the case of  concomitant use with acetaminophen. Liver 
function tests should be carefully monitored during 
treatment, and with the appearance of  any elevation, 
treatment should be discontinued. Corticosteroids might 
be an option for treatment in selected cases.
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Table 2  Summary of previously reported cases of serious (fatal 
and non-fatal) drug-induced liver damage following treatment 
with imatinib mesylate
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Dr. Schmid was a former dean of  the University of  
California, San Francisco School of  Medicine and a liver 
specialist whose early studies of  porphyrins led to several 
significant fundamental discoveries. He was the first to 
demonstrate that there were different forms of  porphyria. 
He also developed the fi rst experimental model for hepatic 
porphyria, a model that for many years was used for 
most of  the work in this field and cited in hundreds of  
papers. His contributions were recognized when he was 
awarded the 1990 Friedenwald Medal by the American 
Gastroenterological Association, its most coveted award 
for lifetime achievement.

While taking a brief  scientifi c detour from hepatology, 
he identified the enzymatic defect in McArdle’s disease, 
a hereditary muscle disease, and defined its pattern of  
inheritance in a family in California’s Central Valley.

Dr. Schmid’s career as an academic administrator was 
equally distinguished. Recruited to UCSF in 1966 as a 
professor of  medicine, he was the architect of  one of  
the leading centers for gastroenterology and hepatology 
research, education and clinical care in the country. 

He served as dean of  the UCSF School of  Medicine 
from 1983 to 1989. He often cited as his most important 
achievement as dean helping the faculty understand their 
crucial role as teachers of  medical students. It was his 
insight that the pace of  knowledge generation in basic 
science was far outstripping the ability of  clinicians to 
understand and apply it in the patient setting. He strongly 
supported training medical students in the thinking and 
tools of  fundamental science so that as clinicians they 
could understand the mechanisms and causes of  disease. 

By the end of  his deanship scientists such as Nobel 
laureate J. Michael Bishop were being recognized by the 
students as much for their teaching as their science.

Dr. Schmid’s contributions to academic medicine 
continued after his deanship. As associate dean for 
international relations in medicine and pharmacy at UCSF, 
he particularly focused on developing formal mechanisms 
for student and faculty exchanges with China, which 
was starting to be receptive to overtures from the West. 
Through the Cheng Scholars Program, which he had 
persuaded his friend, Dr. YT Cheng of  Hong Kong, 
to support, he built a bridge of  scientific training and 
collaboration that is still an active program at UCSF. 

His exquisite appreciation of  scientific excellence 
translated to unprecedented support of  the basic science 
graduate programs at UCSF, enabling them to become 
among the best in the nation. He fostered an environment 
of  interdisciplinary collaboration which is a hallmark of  
UCSF to this day.

During his tenure as dean he had the unusual 
opportunity to appoint the chairs of  11 departments, 
many of  whom went on to extremely distinguished careers 
within UCSF and at the national level. These include 
Dr. Bruce Alberts, president emeritus of  the National 
Academy of  Sciences; Dr. Zach Hall, director emeritus 
of  the National Institute for Neurological Disorders and 
Stroke; and Dr. Haile T. Debas, chancellor emeritus of  
UCSF. 

As dedicated and serious as he was about his work, 
Dr. Schmid was also known for his athleticism, passion 
for travel and sense of  fun. A skier and mountain climber 
for most of  his life, as a young man he was on the Swiss 
National Ski Team and made a number of  first ascents 
in Europe and Peru. His approach to life was deeply 
infl uenced by a poem describing the meaning of  “youth” 
given to him as a boy by his father. In it, Samuel Ullman 
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Rudi Schmid, PhD, 1922-2007. Dr. Rudi 
Schmid, a leading academic physician 
and scientist in the fi eld of hepatology died 
in his sleep on Saturday, October 20th, in 
Kentfi eld, California. He was 85.
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describes youth as “. . . not a time of  life; it is a state 
of  mind . . . it is a matter of  the will, a quality of  the 
imagination, a vigor of  the emotion . . . the temperamental 
predominance of  courage over timidity of  the appetite, for 
adventure over the love of  ease . . .” Those who knew Dr. 
Schmid say that this described him exactly.

Born in 1922 in Glarus, Switzerland, to physician 
parents, he studied medicine in Switzerland and completed 
his medical training and earned his PhD at the University 
of  Minnesota. Dr. Schmid originally vowed to pursue 
anything but medicine and later said that he supposed he 
went to medical school because he didn’t know anything 
else. Although he originally came to the Americas after 
medical school to climb mountains, a series of  fortuitous 
events directed his career fi rst to UCSF, then to Minnesota, 
the NIH, Harvard, and Chicago and back to UCSF. 

Against his father’s wishes, he stayed in the US. In an 
interview several years ago, Dr. Schmid said, “America 
was unbelievably good to me. It was a country after the 
Second World War where anybody who had talent and 
a willingness to work and to fight intellectually could 
succeed.” He was describing himself  in that statement.

Among the many honors Dr. Schmid received in 
his lifetime, most notable are election to the National 
Academy of  Sciences, the Institute of  Medicine, the 
American Association of  Arts and Sciences, and 
Leopoldina, the German Academy of  Sciences. In 2005 he 
was awarded the UCSF Medal, its highest honor.

Served as an honorable Editor-in-Chief  of  WJG since 
2005, Dr. Schmid had given very valuable comments and 
peer reviews to 24 articles related to hepatology, almost 
one article every month. As an esteemed hepatologist, 
Dr. Schmid was invited to take part in the World Chinese 
Congresson of  Digestology sponsored by WJG in October 
1998. He gave a very interesting lecture,Gastroenterology 
in the next century: megatrends in science and practice. 
He highly evaluated the success of  the congresson, 
and wrote a letter to Lian-Sheng Ma, Editor-in-Chief  
of  WJG, to discuss some confusing concepts and hot 
topics for Chinese Gastroenterologists and world wide 
experts. In the past ten years, Dr. Schmid had provided 
valuable suggestions and made great contributions to the 
development of  WJG.

The staff, particularly Lian-Sheng Ma, Editor-in-Chief, 
are very sorrowful to Dr. Schmid’s pass away on October 
20, 2007. A forever memorial is dedicated to the beloved 
hepatologist.

 Dr. Schmid is survived by Sonja, his wife of  58 years, 
son Peter Schmid and daughter-in-law Diane of  San 
Francisco; daughter Isabelle, son-in-law Michael Franzen 
and grandson Alexander. 

Donations may be sent to the Rudi Schmid Fund for 
Gastroenterology c/o Annamaria Flamburis University 
of  California Box 0538 513 Parnassus Ave. San Francisco 
94143-0538 or Marin Agricultural Land Trust at www.malt.
com, Tahoe Rim Trail at www.tahoerimtrail.com.

S- Editor  Liu Y    L- Editor  Francesca E    E- Editor  Wang HF
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Events Calendar 2007-2009
Meeting Falk Research Workshop: 
Morphogenesis and Cancerogenesis
of the Liver 
25-26 January 2007
Goettingen 
symposia@falkfoundation.de

Meeting Canadian Digestive Diseases 
Week (CDDW)
16-20 February 2007
Banff-AB
cagoffi ce@cag-acg.org 
www.cag-acg.org/cddw/cddw2007.
htm

Meeting Infl ammatory Bowel 
Diseases 2007
1-3 March 2007
Innsbruck 
ibd2007@come-innsbruck.at
www.come-innsbruck.at/events/
ibd2007/default.htm

Meeting Falk Symposium 158:
Intestinal Infl ammation and 
Colorectal Cancer 
23-24 March 2007 
Sevilla 
symposia@falkfoundation.de

Meeting BSG Annual Meeting 
26-29 March 2007
Glasgow 
www.bsg.org.uk

Meeting 42nd Annual Meeting of the
European Association for the Study 
of the Liver 
11-15 April 2007 
Barcelona
easl2007@easl.ch  
www.easl.ch/liver-meeting

Meeting SAGES 2007 Annual Meeting 
-part of Surgical Spring Week
18-22 April 2007 
Paris Hotel and Casino, Las Vegas, 
Nevada
www.sages.org/07program/index.
php

Meeting Falk Symposium 159: IBD 
2007-Achievements in Research and 
Clinical Practice 
4-5 May 2007
Istanbul 
symposia@falkfoundation.de

Meeting European Society for 
Paediatric Gastroenterology, 
Hepatology and Nutrition Congress 
2007
9-12 May 2007 
Barcelona 
espghan2007@colloquium.fr

Meeting Gastrointestinal Endoscopy 
Best Practices: Today and Tomorrow, 
ASGE Annual Postgraduate Course
at DDW 
23-24 May 2007 
Washington-DC
tkoral@asge.org 

Meeting ESGAR 2007 18th Annual
Meeting and Postgraduate Course
12-15 June 2007 
Lisbon
fca@netvisao.pt 

Meeting Falk Symposium 160:
Pathogenesis and Clinical Practice in 
Gastroenterology 
15-16 June 2007 
Portoroz
symposia@falkfoundation.de 

Meeting ILTS 13th Annual International 
Congress 
20-23 June 2007 
Rio De Janeiro 
www.ilts.org 

Meeting 9th World Congress on 
Gastrointestinal Cancer 
27-30 June 2007 
Barcelona 
meetings@imedex.com 

Meeting 15th International Congress 
of the European Association for 
Endoscopic Surgery 
4-7 July 2007 
Athens 
info@eaes-eur.org 
www.congresses.eaes-eur.org

Meeting 39th Meeting of the European 
Pancreatic Club 
4-7 July 2007 
Newcastle 
www.e-p-c2007.com 

Republic of meeting ISNM2007
The 21st International Symposium on 
Neurogastroenterology and Motility 
2-5 September 2007
Jeju Island
isnm2007@intercom.co.kr 
www.isnm2007.org/00main/main.
htm 

Meeting ⅩⅩth International 
Workshop on Heliobacter and 
related bacteria in cronic degistive 
infl ammation 
20-22 September 2007
Istanbul
www.heliobacter.org

Meeting European Society of 
Coloproctology (ESCP) 2nd Annual 
Meeting 
26-29 September 2007 
Malta 
info@escp.eu.com
www.escp.eu.com/index.php

Meetings

Global Collaboration for
Gastroenterology
For the first time in the history of 
gastroenterology, an international 
conference will take place which 
joins together the forces of four 
pre-eminent organisations: Gastro 
2009, UEGW/WCOG London. The 
United European Gastroenterology 
Federation (UEGF) and the World 
Gastroenterology Organisation 
(WGO), together with the World 
Organisation of Digestive Endoscopy 
(OMED) and the British Society of 
Gastroenterology (BSG), are jointly 
organising a landmark meeting 
in London from November 21-25, 
2009. This collaboration will ensure 
the perfect balance of basic science 
and clinical practice, will cover 
all disciplines in gastroenterology 
(endoscopy, digestive oncology, 
n u t r i t i o n ,  d i g e s t i v e  s u r g e r y , 
hepatology, gastroenterology) and 
ensure a truly global context; all 
presented in the exciting setting of 
the city of London. Attendance is 
expected to reach record heights 
as participants are provided with 
a compact “all-in-one” programme 
merging the best  of  several  GI 
meetings. Faculty and participants 
from all corners of the earth will 
merge to provide a truly global 
environment  conducive  to  the 
exchange of ideas and the forming of 
friendships and collaborations. 

Meeting Falk Workshop: Mechanisms 
of Intestinal Infl ammation 
10 October 2007
Dresden
symposia@falkfoundation.de

Meeting Falk Symposium 161: Future 
Perspectives in Gastroenterology 
11-12 October 2007 
Dresden
symposia@falkfoundation.de

American College of Gastroenterology 
Annual Scientifi c Meeting 
12-17 October 2007 
Philadelphia

Meeting Falk Symposium 162: Liver 
Cirrhosis-From Pathophysiology to 
Disease Management 
13-14 October 2007
Dresden
symposia@falkfoundation.de

Meeting APDW 2007-Asian Pacifi c 
Digestive Disease Week 2007 
15-18 October 2007
Kobe
apdw@convention.co.jp  
www.apdw2007.org 

15th United European Gastroenterology 
Week, UEGW 
27-31 October 2007 
Paris

Meeting The Liver Meeting®2007-57th 
Annual Meeting of the American 
Association for the Study of Liver 
Diseases 
2-6 November 2007 
Boston-MA
www.aasld.org

18th World Congress of the 
International Association of 
Surgeons, Gastroenterologists and 
Oncologists 
8-11 October 2008
Istanbul
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Instructions to authors
GENERAL INFORMATION
World Journal of Gastroenterology (WJG, World J Gastroenterol ISSN 1007-9327 
CN 14-1219/R) is a weekly journal of  more than 48 000 circulation, 
published on the 7th, 14th, 21st and 28th of  every month.

Original Research, Clinical Trials, Reviews, Comments, and Case 
Reports in esophageal cancer, gastric cancer, colon cancer, liver cancer, viral 
liver diseases, etc., from all over the world are welcome on the condition 
that they have not been published previously and have not been submitted 
simultaneously elsewhere.

Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index Expanded 
(also known as SciSearch®) and Journal Citation Reports/Science Edition, 
Index Medicus, MEDLINE and PubMed, Chemical Abstracts, EMBASE/
Excerpta Medica, Abstracts Journals, Nature Clinical Practice Gastroenterology and 
Hepatology, CAB Abstracts and Global Health. ISI JCR 2003-2000 IF: 3.318, 
2.532, 1.445 and 0.993.

Published by
The WJG Press 

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed double-spaced on A4 (297 mm × 210 mm) 
white paper with outer margins of  2.5 cm. Number all pages consecutively, 
and start each of  the following sections on a new page: Title Page , Abstract, 
Introduction, Materials and Methods, Results, Discussion, acknowledgements, 
References, Tables, Figures and Figure Legends. Neither the editors nor 
the Publisher is responsible for the opinions expressed by contributors. 
Manuscripts formally accepted for publication become the permanent 
property of  The WJG Press, and may not be reproduced by any means, in 
whole or in part without the written permission of  both the authors and 
the Publisher. We reserve the right to put onto our website and copy-edit 
accepted manuscripts. Authors should also follow the guidelines for the care 
and use of  laboratory animals of  their institution or national animal welfare 
committee.

Authors should retain one copy of  the text, tables, photographs and 
illustrations, as rejected manuscripts will not be returned to the author(s) and 
the editors will not be responsible for the loss or damage to photographs and 
illustrations in mailing process.

Online submissions
Online submissions are strongly advised. Manuscripts should be submitted 
through the Online Submission System at: http://www.wjgnet.com/index.jsp. 
Authors are highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/wjg/help/instructions.jsp) before 
attempting to submit online. Authors encountering problems with the Online 
Submission System may send an email you describing the problem to wjg@
wjgnet.com for assistance. If  you submit your manuscript online, do not 
make a postal contribution. A repeated online submission for the same 
manuscript is strictly prohibited.

Postal submission
Send 3 duplicate hard copies of the full-text manuscript typed double-spaced on 
A4 (297 mm × 210 mm) white paper together with any original photographs 
or illustrations and a 3.5 inch computer diskette or CD-ROM containing an 
electronic copy of  the manuscript including all the fi gures, graphs and tables 
in native Microsoft Word format or *.rtf  format to: 

Editorial Offi ce 
World Journal of Gastroenterology
Editorial Department: Apartment 1066, Yishou Garden,
58 North Langxinzhuang Road,
PO Box 2345, Beijing 100023, China
E-mail: wjg@wjgnet.com
http: //www.wjgnet.com
Telephone: +86-10-85381892
Fax: +86-10-85381893

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be submitted 
using a word-processing software. All submissions must be typed in 1.5 

line spacing and in word size 12 with ample margins. The letter font is 
Tahoma. For authors from China, one copy of  the Chinese translation of  the 
manuscript is also required (excluding references).  Style should conform to 
our house format. Required information for each of  the manuscript sections 
is as follows:

Title page
Full manuscript title, running title, all author(s) name(s), affiliations, 
institution(s) and/or department(s) where the work was accomplished, 
disclosure of  any financial support for the research, and the name, full 
address, telephone and fax numbers and email address of  the corresponding 
author should be included. Titles should be concise and informative (removing 
all unnecessary words), emphasize what is new, and avoid abbreviations. 
A short running title of  less than 40 letters should be provided. List the 
author(s)’ name(s) as follows: initial and/or first name, middle name or 
initial(s) and full family name.

Abstract
An informative, structured abstract of no more than 350 words should 
accompany each manuscript. Abstracts for original contributions should be 
structured into the following sections: AIM: Only the purpose should be 
included. METHODS: The materials, techniques, instruments and equipments, 
and the experimental procedures should be included. RESULTS: The 
observatory and experimental results, including data, effects, outcome, etc. 
should be included. Authors should present P value where necessary, and the 
signifi cant data should accompany. CONCLUSION: Accurate view and the 
value of  the results should be included.

The format of  structured abstracts is at: http://www.wjgnet.com/wjg/
help/11.doc

Key words
Please list 5-10 key words that could refl ect content of  the study mainly from 
Index Medicus.

Text
For most article types, the main text should be structured into the 
following sections: INTRODUCTION, MATERIALS AND METHODS, 
RESULTS and DISCUSSION, and should include in appropriate Figures 
and Tables. Data should be presented in the body text or in Figures and 
Tables, but not in both. 

Illustrations
Figures should be numbered as 1, 2, 3 and so on, and mentioned clearly in 
the main text. Provide a brief  title for each fi gure on a separate page. No 
detailed legend should be involved under the fi gures. This part should be 
added into the text where the fi gures are applicable. Digital images: black 
and white photographs should be scanned and saved in TIFF format at a 
resolution of  300 dpi; color images should be saved as CMYK (print fi les) 
but not as RGB (screen-viewing fi les). Place each photograph in a separate 
fi le. Print images: supply images of  size no smaller than 126 mm × 85 mm 
printed on smooth surface paper; label the image by writing the Figure 
number and orientation using an arrow. Photomicrographs: indicate the 
original magnifi cation and stain in the legend. Digital Drawings: supply fi les 
in EPS if  created by freehand and illustrator, or TIFF from photoshops. 
EPS fi les must be accompanied by a version in native fi le format for editing 
purposes.  Existing line drawings should be scanned at a resolution of  1200 
dpi and as close as possible to the size where they will appear when printed. 
Please use uniform legends for the same subjects. For example: Figure 1 
Pathological changes of  atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: ...

Tables
Three-line tables should be numbered as 1, 2, 3 and so on, and mentioned 
clearly in the main text. Provide a brief  title for each table. No detailed 
legend should be included under the tables. This part should be added into 
the text where the tables are applicable. The information should complement 
but not duplicate that contained in the text. Use one horizontal line under the 
title, a second under the column heads, and a third below the Table, above 
any footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP<0.05, 
bP<0.01 should be noted (P>0.05 should not be noted). If  there are other 
series of  P values, cP<0.05 and dP<0.01 are used. Third series of  P values 
can be expressed as eP<0.05 and fP<0.01. Other notes in tables or under 
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illustrations should be expressed as 1F, 2F, 3F; or some other symbols with 
a superscript (Arabic numerals) in the upper left corner. In a multi-curve 
illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc. in a 
certain sequence.
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